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Tni: K‘%eru ljl<rA« <>{ autom'‘LiIf. an'I .•port* accM^rnt^ 

fnfjiifntly to c<»mminutMl ar.'I m’lltiplc ffaznj'-ntt'l or •^’snicntal 
of frartiin-' of tlio 1*-^ Tvhic!i an* ‘liflictili to trr-at in a tmiform manner. 
Tlie outcome in many i.Ttan*^- I'twc-* mu^'h to I-* fmm a a»— 

mctie, anatomi'^I an*! ftmctional •tan*Ipf*Ini anfl no one ILno of trttit- 
meat can Ijc aflvanti-*! x* ■‘atl'fyins t!i«' <I‘'m:in'L* of Mr^l care aa'l p*.t- 
feet 


PATHOGENESIS 

Tlie cau.H'S of sncii fracture:* may be cither din'Ct nolenctr on the l'-^ 
x« in mjura- receive*! from the hub, fender or wheel of a moWn" automo- 
bile or Enachincr}', or indirect ^nofence from torsion of tiic let; x; receive*! 
in falU from low heishls, the accidenL® of sport-* xs in poU, track, ninn'mc. 
hunilins, pole vaultinj; or l>a.^ sliding; in our national game. Dire*.*t 
violence leads to the transverse and oblique tj-pe of fractures and may 
cause comminution of the tibia and/or fibula of the most severe grade. 
There are concomitant injuries of the soft parts from pressure and abra- 
sion but not necessarily open wound-*. This presentation does not aim to 
cover open fracture of the le;;. In some instances of closed fracture; 
secomiarj' infection and necrosis of tissue covering the bones of the l»*g 
may ultimately put the injurj' into the class of open fracture. 


^ From the Surgical l>“partmi?Bl3 of the Preabjterian Hoopital and ihe L'nircr- 
ait r of Ulir.oia CoIIeg** of Medicice, Chicago. 

• Professor of burgerj' (Riuh). L'niterstty of Illin*.!-* C'oJIep** of >f**<IIcirc; 
CoosultiDg Surgeon, iS-esbylcrian flodpital. 
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KELLOGG SPEED 


Twisting or torsional violence received by the leg, as in falls into holes 
or off small elevations as well as those sustained in sports mentioned, 
causes spiral fractures of the leg bones tvith the tibia suffering most of 
the damage. These fractures are not always pure spirals but may be com- 
plicated while the fracture is in progress by sudden stoppage of the 
moving limb by obstacles such a.s the ground or curb, permitting some 
direct violence force to be <bsplayed against the spiral separation of the 
bone or bones and leading to additional fragmentation as m transverse 
or oblique fractures and consequently to comminution. Likewise this 
secondary part of the violence may damage soft tissue coverings of the 
leg m addition to any injury resulting from the spiral fracture which 
itself may have led to puncture of the leg coverings and projection out 
into the air of the sharp bony points always present in spiral fractures. 
Late necrosis from pressure damage and interfered-with blood supply of 
soft tissues and integument may, as in the first class of direct violence 
fractures, end up as an open wound with local ulcer leading to the planes 
of bone separation These fractures also, because of the considerable 
amount of bloody extravasation about the injured area coming from the 
bone or periosteum alone, may lead to the <Ievelopment of maspive bullae 
loaded with bloody serum, which raise the epidermis and are easily 
ruptured and subsequently infected, if not prepared for in the verj’ first 
acts of treatment. 

It is seen consequently tliat leg fractures, m the tightly packed limb 
encased m a fascial envelope, may lead to secondaiy disaster on account 
of the changes in the tissues about the fracture incidental to the pressure 
exerted by the cau«e or the displacement of the fragments or the hemor- 
rhage and edema developing in the limb Blood vessels and nei^’es m the 
hmb may suffer pnmarj- injury but these are relatively uncommon e.xcept 
for nipttire of thm-w ailed veins All ages and classes of indmduals from 
the young infant through the rough playing adolescent into adult life 
including the housewife with her domestic accidents of stair and ladder 
climbing, the artisan in the factory, the adult athlete and the middle and 
older aged with already developed poor ciruclation, varicose veins and 
edema in the legs or oveiavcight body, suffer these fractures. 

PURPOSES OF TREATMENT 

All classes and tj’pes of leg fractures require certain elementary rules 
of treatment, because the leg must sustain the w’hole body weight with- 
out pam or shirking in order that the individual may get about and work. 
The essential purposes of treatment may be listed as: 


2. Restoration to normal of any axhd deviations leading to angling or 
rotation to avoid unhappy positioM of the foot or changes in the axis of 
the knee joint which might interfere with the weight-bearing line of the 
leg and thus cause disability. 







I’nrm* ron-iilrnition fnr Ihr itilt'Krity of tin* "ofl p.irt-' rovcriJiK tlf 
l«*U ;ui<l Imjih'-’. ’riii' iiH^aw r.in* in liaiiiiliiiK tin* iiijurtil limb to 
nilditional <ir v'»*nn«lar>‘ to Mift iKirl** ‘•iirh n>* airnjr fp-m 

^k^n |iiinrlim* l)y Imiiy or ii<T\'r ilatnayr auaiii'l rouplj mi 

-harp Imihi* -tirfan*- ati<I avtii«lanri* i>f p;uii and addiliona! I(H-al bloiKlv 
«’\tr»va-a(M>» frojii unui->4- or n«iKh maiiipuhilioti. 

I. Mattj|cnaiin> of tin* po-tiioji i»f Ikiiu* n*<hi('ti<in olitaunMl by tnMi- 
inriil until tlit‘ rallij- «»r Imujc* ran liold viitlioijt rvlrnial a-'i-taucf- 
during net- of urjgbt iHMritu;. 

IMMEDIATE AND EARLY TREATMENT AND ASSESSMENT 
OF THE INJURY 

What are tlif pnictiral jHiird.'' in tn'alinrnt on thi- bnM'<? Tir-t comc'' 
the haiidling of the bniken leg at the .-ite <»f injury' to avoid -omo of tlio 
Mrotularj* <lninngo- brielly incntiotKil in my fir-t n’lnark-. 'riie angled. 
di‘*lortetl and inayl>e greatly Miih'tl leg may In* gently .'•Iraightened 
and licid in alignment Ixiforo any attempt jk made to move llie injured 
person. Ho must not Ixj cncoumg»*<l to .«staml tjp, roll over or move at all 
in an attempt t 0 5oc if he c.an do such things. Where there is the slighte-t 
Fuspicion of a broken l>one, freot the injunj from the earltexl jmuhle 
aioaicnl o fracture. A verj* ea«y and pricliral iikuImmI is to place the 
leg gently, l•t^aight(■lK‘d out, in a soft pUlou or tlnelc bl.ankel which may 
bo pinned around the log or bound on with bandag«‘ or hatulkrndiicf to 
permit tran-portation to a place for fund can*, lloanl- pachh^l with coats 
shirt? or sweaters, and Thomas leg fplint.- havo l)ron iwil luit the niO‘*t 
valuahle factor in j»repar:ition for tnin-portalion is “grntlene-s.” It i- 
not nwessarj* to strip off chulnng at Ihi- stag«*. If a m(*i!ica! ttian 
him thi«« early he tnay (pnckly, witliout di-turhane«* of the InjurtHl, a-'-uri' 
himself nlxHit the arlerial l>eat in (he dorsilis pjxiis artery or oh-erve 
power to move toes and foot imi-ch*s to ae-ay nerve damagi*. 

\Mien the patient has nrrive<l at a place for proper permanent can-, 
clotliing which imi)cdc.s treatment is gently ri’inoved witliout di-turbing 
tlic position of the leg. If feasible ami tlic place of tri'atment is a linsjiital, 
a roentgenogram in two axes, anteroposterior and lateral, <if the leg may 
then follow without additional disturbance and prcijicrly in tlie sequence 
of treatment. An assistant must Imhl the foot and the patient is placed on 
a fnicture t.ablc wlicn one is available. Tin* leg and foot may then he 
w.ashed with soap and warm water, covering with -terile sponges any 
areas of threatened puncture or even a tiny opening in the skin, Nsduch is 
later cleansed and given particular attention, after the gni-s dirt on the 
leg has been removed. In some instance-, the hair on the leg must he 
shaved. Tlie skin of leg and fo»>t must bo thoroughly clean''e<l and then 
washed with 70 jier eent aleoliol, or one of the dye anti-optics may be 
applied if tlic stirgnm has c<mndence in tliem. During thi- interval the 
roentgenograms may have been developed and the extent of the fracture, 
meaning its cliaractor whether transverse or oblique as tlie itsuU of direct 
violence or .spiral as following torsjionul violence, along with the amount 
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C J) , 'B 

Vic 2 (IJiuxe of U. W., ffoilmurd). — .1, /l,7/2i'»/'l7: AnlortijKislrnor Rim tnVrii oii 
frsicturc IhIiIo ehuna Root! rctluclioit Mlh»«oiOr«vcrjmll ami lateral view (W) sliow-s 
obiliiratc imiiftlcmeut of fraRiiTcutB in spite «f owrpull. Patient transferred tins 
date to plaster of Paris after attempt at lonil manipulation usiiiR pin in upper 
end of tibia and one IhrouRii bcci.a^it svns not expected tliat any better reduction 
could i>e liad C, 8/30/47: In lateral plane reduction — roo<1 callus forminR — in cast. 
D. K, 5/8/4%: ilnd result. Pirm bony callus slichtly palpable under skin, axial 
aliRnmcnt in both planes Rood, no sliortcnitiR, elrcoRth returned in Icr, patient 
playinR ball again. Xotc alight amount of Imnc formed around Stcinmann pin hole 
at proximal end of tibia from tearing of periosteum and some heinorrliaKO at time 
of insertion. This mifilit lie lessened by a smaller pin or a Kirschner wire — but the 
latter is not strong cnoiigli to stn’*** ' ’ ■ • * 

position. Smaller caIil>or Stcinman- 
tibia is now slightly exuberant but 
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Fig. 3 (Case of A 2 ) —Draw mgs from K-ray films The patieiilj a very tall boy 
was injured while working on debvrry truck After the fracture bullae rapidly 
developed on leg, forbidding ojien operation A, B, 10/30/lG After a day’s skeletal 
traction in heel. The extremely jagged surfaces of tibia and an interraediate frag- 
ment made it look as if no reduction could cvxir bo obtained or ccrlamly only hi 
dangerous ovcrpull which seems already started in anterojiosterior view (A). 
Local manipulation to aid the reduetion was attempted with the patient lying in 
traction. C, D, 12/3/46 Hedactioo w now accomplished and a fair apposition has 
l«en obtained Amount of weight pull could now be diminished, guarding against 
occurrence of buckling or angling at fracture site The hnib was put in plaster in 
this position, leaving skeletal traction by means of Slcinniann jiin ui heel, rein- 
forced in plaster fronn base of toes to midthigh F, 3/22/47: After five montlia 
unionBtarled with slight posterior dishing of leg bones The p.sticnt was in walking 
plaster at this time 0, II, 6/21/t7. Firm usion with sHeht posterior dishing, no 
pain, no shortening, back at work 
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C D E 

Fir. -( (Case of Mrs, J.). — Drawiog^ from T-raj' films. A, 10/11/47: Spiral frac- 

slip and slide past each other from muscle spasm or lack of support is manifest. 
B, 10/11/17: Position obtained in sit hours after skeletal traction throuRh heel 


in ctjp\ ins the roentpenocram is simply the shadow of the round pulley attached 
to the pin over which wire attachments are run. £, F, 4/3/4S: Kcsult after bony 
union. N'o shorteninp, no local pain or swelling. Some new Ixine formation at inner 
mvpin of tibia from nail puncture. The slight angulation at fracture site of tibia 
will slowly disappear. 



KELLOGG SPEED 


of comminution and fragmentation can be read m the film taken in two 
axes. The mistake must not be made of exposing too small an area of the 
leg to the x-ray film The whole length of Ike leg from ankle joint to knee 
joint should be seen in the roentgenogram. It often happens that both bones 
arc broken, and the fibula, especially in spiral fractures, may be broken 
at considerable distance from the fracture of the tibia and overlooked if 
the film fails to display the shadows of the full length of the leg bones. 

Reading the films will disclose the mam points of the bony displace- 
ments — whether the principal fracture h spiral with sharp terminating 

or 

on- 

siderable size involving complete isolation of a shaft fragment, three or 
more mches in length, not always seriously out of alignment but cer- 
tainl}' cut off from the main blood supply of the shaft as a whole when 
the nutrient artery and its medullary branches are considered. Such a 
fragment may be angled, rotated, comminuted withm itself, split and 
deformed, but it may retain a considerable portion of its oivn local peri- 
osteal blood supply which may finally save it from complete aseptic 
necrosis. Having been heavily traumatized and thus lost considerable 
blood supply, such fragments may undergo a rather slow necrosis. Then 
their roentgenologic shadow becomes denser, they fail at their margins to 
enter into a normal rate of bony union and thus complicate and prolong 
the process of healing Final full restoration of bone continuity would 
then depend on a slow creeping substitution of this bone by new bone 
built up laboriously by slowly ingrowing new blood supply. Here is w’here 
any retained penostoal blood supply, escaping the violence of the original 
trauma, may be of great assistance Failure to recognize this pathological 
situation in complicated comminuted leg fractures may lead to unwise 
surgery on bone fragments struggling for life and barely able to hold 
their own. 

It must be definitely settled that the fracture involves only one or 
both bones. Bearing this in mmd — if only one bone is broken the surgeon 
may hopefully expect the remaining intact bone, usually fibula, to be of 
considerable assistance to him m maintaining length and some splint 
support of the leg On the other hand, the unbroken bone may become an 
obstacle in achieving by any means quite perfect kissing adaptation of 
the fracture surfaces in the broken bone. 

Many hospitals and certainly many men handling these fractures are 
not prepared in equipment and training to perform open operations on 
the bones of the leg, although practically no one would deny that an 
operation to apply a metal plate or transverse screw’s may result in hair- 
line reductions and a fuifillmg of some of the ideal requirements of 
treatment. That type of surgerj' requires long and well controlled train- 
ing and should not be entered upon casually by a man not qualified. Most 
of the laity realize this and often permission to operate cannot be 
obtained. 
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The surgeon then may have to adopt less danger-enticing measures 
which hopefully will fill the demands of treatment and produce a satis- 
factory’ result. These may involve the use of skeletal traction and counter- 
traction with the additional help of external splinting. 

REDUCTION BY FIXED TRACTION FOLLOWED BY SPLINTING 

If there is a little displacement of the major fragments of the log bones, 
which may be broken at nearly the same level, especially in the case of 
a young child, it may be possible, by applying skin traction with adhe- 
sive tape over well padded malleoli, to pull the fragments into full length 
and complete axial replacement checked in both planes by x-ray films 
and held sustained by padding under the thigh. The leg is properly fixed 
to an overhead supporting bar such as is found on the fracture table. If 
this can be done with the leg under tension on the fracture table, with 
the weight-bearing line of the leg restored from the anterior-superior 
spine of the ilium through the patella, through the middle of the ankle 
mortise and on out through the second toe, a rather snug-fitting plaster- 
of'paris encasement may be applied from high thigh to base of toes or 
even beyond the end of the toes on the sole of the foot, with foot held at 
right angles to the leg. If rapid swelling or edema is feared this plaster 
may be split through most but not all of its layers ready for quick cutting 
if pain or edema and numbness in the foot follows. The leg should be 
elevated on pillows 

Even with the most carefully applied plaster, after what appears to be 
perfect reduction as demonstrated by the roentgenogram, this treatment 
may lead to difficulty from development of blebs on the leg, edema and 
pressure within the splint and circulation interference. Also as the days 
go on the spasm of muscles in the leg or their swelling and shortening 
may so affect the fragments that secondaiy shortening and angulation 
may appear in the leg which has been lying quietly, well encased in 
plaster. Later, after removal of the splint, measurement and x-ray ex- 
amination will prove these deficiencies and a hoped-for ideal result will 
be lost, the result being slight shortening and possible axis deviation 
which may lead to limp, poor posture of the foot for weight bearing, and 
a certain small percentage of permanent disability. However, this may 
not be so great as to be unbearable nor run the risk entailed by open 
operation under unfavorable circumstances. 

REDUCTION BY CONTINUOUS TRACTION— SKELETAL PULL- 
SUSPENSION 

If the treatment just described is not practical and promises to lead 
to a certain unhappy result, continuous traction on the leg may be advis- 
able. On account of the short segment of leg, ankle and foot found in 
many of these injuries, skin traction with adhesive is not trustworthy for 
long-continued traction even when the patient is lying in bed and the 
supporting splint permits flexion at the knee to relax leg and thigh 
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injurj’. But it must confoim to tlie demands mentioned at the he^iiiniii:^ 
of this presentation. Consequently accuratelj' controlled and reliitivcl- 
fool-proof methods must be practiced hy and large over the couutn 
The use of inserted metal pins which permit manipulative oorrection >1 
bony displacements by partial penetration into the shafts of tlie tilm 
affixed bj" external clamped-on bars has not yet become an ortliodox 
means of fracture treatment. There is no doubt that excellent re'^ulls 
have been obtained by these means but there are too many pitfalls and 
chances for error and infection and perhaps too little regard for the fact 
that it is the bone lioaling itself which must bear the final burden of use 
along with an unwise jiraetice of permitting immediate ambulation and 
weight bearing during tlie early stages of bony healing, thus militating 
against a natural firm bony union. The use of intramedullary metal pins 
in leg bones is likewise far from accepted as a moans of permanent Na- 
tion and treatment. Both of these methods icquire high class surgical 
application and an armamentarium of expensive materials of multiple 
sizes. In the history of fracture treatment both methods have been tried 
and abandoned, 

fixed skeletal traction followed by splinting and delayed 

AMBULATION 

Skeletal traction and support, permitting reasonably safe ambulation 
and activity when supported by encasing plaster, has been used for years. 
It likeuiso falls short in some instances of giving an ideal losult. 

Metal pin or wire traction, preferably Steimnann pin, can be used to 
correct support and furnish the background for enduring and sustaining 
external splintage whicli permits the patient to become ambulatory and 
thus be restored to metabolic balance. 

A suitable sized Steinmann pin is inserted llirough the calcaneus under 
aseptic conditions and tlie patient is put on a fracture bed or table where 
mechanical traction may be applied to the leg via the pin. Tlie length of 
leg is pulled out to normal, displaccil intermediate fragments arc manipu- 
lated into position by local pressure or padded pounding and the lateral 
Views of the leg bones shown in the roentgenogram arc checked. To 
ensure the holding of leg length and the maintenance of axial correction, 
thus avoiding sagging or slipping off of spiral or other types of displace- 
ment of the fragments, a second metal pin is then inserted transversely 
through the upper end of the tibia just about at the level of the tubercle. 
It must go clear across the leg through good holding bone and must not 
split the tibia, must not enter into the liematoma about the fracture if pos- 
sible, nor add to the pathologic involvement present. This pin, fitted with 
suitable pulley riders, permits the surgeon to manipulate the proximal 
part of the leg bones and then to hold them in the position of maximal 
reduction by wire supports running to an overhead bar. After dressing 
coverage of nail holes in a manner that will prevent seepage of water from 
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unsterile plaster bandages, the leg from upper tliigh to base of toes !«• 
cncascci in plaster-of-paris and rechecked by x-ray for position, to avoid 
overpiill. 

After the plaster hardens sufficiently, the leg is removed from its ftxed 
traction in the table. Ambulation may follow mthm a few days depend- 
ing on the patient’s ability lo handle crutches, but no weight bearing 
may be permitted on this reduced leg fiacture. An e.xtra heel and solo of 
^ inch may be applied under the shoe of the uelt fool in an effort to avoid 
the temptation of resting the injured foot on the floor. Corks are taped on 
tlie pointed projecting ends of the Steimnann pins. The patient is en- 
fouraged in activity on cnitchcs. In four weeks a checking roentgeno- 
gram is made, mamly for position, but it may happily show callus forma- 
tion. The piaster is kept on the leg for eight to tivelve weeks depending on 
the comminution and seventy of the fracture. After that time the plaster 
IS cut away circularly around the pointed ends of the pins, the skin 
surface exposed by picking away the dressings, the pointed ends of the 
Steinmann pins arc steuUzeil by hydrogen peroxide followed by three 
coats of tincture of iodine, and the pins arc withdrawn. A light gas 
nncstho.''ia may be re<iutrcd. Wounds of pm perforations ate covered 
\Mth sterile dicssing, the enveloping plaster cast on the leg is split and 
removed with great, care. 

Tlio limb, placed on a soft pillow, is now .t-rayed to deteonine position 
and amount of bone healing of fragments. If healing is suitably advanced, 
ho leg IS covered by a sterile stocking which covers the dressings over 
he pin holes, and over light padding with sheet wadding and small pieces 
of fi'Jt a circular plastcr-of-paris encasement is put on the leg with rea- 
•-onablo snugness, extending to just below the knee and enveloping the 
foot, permuting leg flcxdon This cast m.ay include a walking iron stir- 
rup— but, weight bearing on Ibe broken leg even uith this device is not 
permitted until the callus shows extenave formation and maturity with 
abilitv to maintain tiie position of bone fragments by itself. 

WALKING IRON STIRRUPS 

I believe the a-alking iron stirrup support, which is often put on at tlie 
time of the first plaster application, following attempted reduction of log 
' ' *' « «• • ’ . 1 « •. ’ng and freedom- 

witU permission 

o ^ . . ens, there is risk 

of improper transrai«sion of borly wei^t away from and b^'-passing the 
fracture site to the broad tuberosity portion of the tibia localise if any 
padding is used or the edema and swelling in the leg subside or atrophy 
develops in the volume of leg muscles as it is bound to do, looseness 
follows anfl the patient is bearing direct fuU weight on the still unhealod 
fracture. This may not be so senoua in a perfectly transverse fracture 
wbicli is reduced end-to-end and cannot angulate much out of avis insUle 
the splint, but it usually leads to Bhortemng, overriding and some angu- 
lation with interference with the normal rate of bone healing in oblique 
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THE TREATMENT OF COMPOUND FRACTURES OF THE HAND 


Michael L. Masox, M.D., F.A.C.S ,* axd Harvey S Allex, M D , 
F.A.C.S.t 

Ix a recent issue of these Clinics* wc discussed the management of 
open wounds of the hand and outIine<l the principles upon v Inch such 
treatment is based. Brief reference was made to the management of 
compound fractures, particularly in certain crushing injuries and in 
^\•ounds associated n*ith loss of covering tissues. Tlie presence of frac- 
tures in the compound wound often poses a real problem to the surgeon 
since their reduction and maintenance in reduction often renders diffi- 
cult other measures such as closure and compression dressings. Tliis is 
especially true if traction is used to maintain position since it is almost 
impossible to keep the liand in the position of function and, at the same 
time, to apply a compression dressing to hold skin grafts in place, mini- 
mize edema and promote healing. 

General Measures. — The wound with a compound fracture should 
receive the same general care' as any other open wound of the hand. As 
first aid it is covered at once with a sterile protective dressing, a splint 
is applied and tiie patient sent at once to a hospital for definitive care. 
There, following brief inspection of the injury under aseptic precautions 
and surgical masking, a careful histor>' is taken, diagnosis of extent of 
the lesion is made and roentgenograms taken to demonstrate bony dam- 
age. Tlic situation is carefully evaluated botli as to the local situation in 
the wound and the general condition of the patient. Time and circum- 
stances surrounding the injurj' are ascertained as well as the nature of 
tlie first aid and any other treatment that may have been given \rith the 
idea of assessing the possibility of serious secondarj* contamination. The 
data obtained enable the surgeon to gauge the e.xtent to which primary 
care may be carried out in his initial treatment of the injur}’. 

Cleansing and Excision of the Wound. — Transformation of the “dirty*’ 
wound into a clean surgical wound is carried out in the operating room 
vith soap and water, follo^'ing which all devitalized tissue is removed by 
sharp dissection. 

The greatest of conser\'atism is to be practiced in the removal of bone 
fragments in cases of compound fractures; every viable and potentially 
useful fragment of tissue should be left. Bono fragments and chips en- 
tirelj' devoid of connection with surrounding periosteum or soft tissues 
must be removed but if any connection, even the slimmest, is present, 
that fragment is left to be molded into position when reposition is done. 

From the Department of Surge/}’, J'forthirestera Unifersity^Iedical School and 
Fassavant Memorial Hospital, Chicago. 

•Associate Professor of Surgery, Northwestern University Medical School; 
Attending Surgeon, Passavant Memorial Hospital. 

t Assistant Profes.sor of Surgery, Northwestern University Medical School; 
•'ttending Surgeon, Passavant Memorinl and Cook Countj* Hospitals. 
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Tendon and Nerve Repair. — The presence of compoxmd fractures may 
iiUcr somewhat tiie surgeon’s decision as to tendon repair. Reduction of 
fractutcs roust take precedenco if there is a choice of one or the other. 
For example, a divided tendon at the site of a compound fracUire is ordi- 
narily not repaired primarily since its healing callus would become ad- 
herent to the bone callus and also because thp position needed to main- 
tain bone reduction would, m most instances, be inimical to the po^ition 
necc.«sarj’ for relaxation of the sutured tendon. 

Xervesj, on the other hand, may be sutured vvhether a fracture is pres- 
ent or not. other conditions permitting 

Closure of the Wound. — Following deep repair and fracture reduction, 
closure of the wound is indicated Suture is preferable to the use of skin 
grafts but these valuable adjuncts must befreiily’ used if indicated. Free 
grafts of the spht-thickness variety are the most often indicated; only 
occasionally must the surgeon have recourse to pedieled flaps. 

The presence of fractures often compUcaU's closure of the wound, h 
may happen that the loss or necessary excision of nonviable skin may 
leave the fiacture site exposed This complicates the problem since free 
grafts will not take on exposed bone, particularly at the site of fracture, 
and the use of pcdick'd flaps makes fracture reduction very difiicult. T)ie 
surgeon must not be tempted to save skin that he would otherwise excise 
m order to cover over a compoimd fracture site. Such a maneuver will 
not Sdv i* devitalized skm and the fractured bone beneath will probably 
liccome necrotic as well There are several alternatives in situation# of 
ilu'< '"If It Ub often possible, by shifting adjacent skin, to cover the bone 
With !' flap of sound skin and subcutaneous tissues, while a ppUt-skin 
graft l^ pi, iced over the area from which the flap was shifted. Occasion- 
aiiy iuij nt soft tissues are available whlcJi can be shifted over tJie 
fractuu » If so, spht-skin grafts may be laid over the are.a thus pro- 
tecte<J 11 occasional instance salvaging of the hand will demand the 
use of -J pi diinculated or pocket flap ThU is the least desirable solution 
since It 1.. I’.i n very difficult to manage the fractures. 

Compression Dressing. — The use of a compression dressing following 
surgical mu-tif'ntion often midtcs the difference between success and 
failure o( a .'•kijJfuJ operation. Success not only in immediate healing, but 
late success from the standpoint of function gmee the edema and swelling 
wfiicU follinv rompound injuries, particularly the crushing type ivith 
fractures, may lead to so much fibrosis and stiffening as to compromise 
use seriously 

It is right here that one comes up agaioat one of the real problem'i of 
compound fractures of the hand. This is the need for a comprc.ssion dress- 
ing while maintaining the fracture in reduction. If traction is applied to 
hold reduction, compression h difficult or impossible to maintain, while, 
if a compression dressing is jmt on, reduction is difficult to hold. 

Spfints.— Following operation a splint is applied not only to hold frac- 
tures in reduction but to put the tissues at rest during the process of 
healing. Here, .again, the presence of fractures pose.s a problem since wc 
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wsh to immobilize the hand if possible in the position of function. Cer- 
tainly those wounds associated with compound fracture are usually 
crushed and severely lacerated and if the hand is allowed to heal in a bad 
position subsequent restoration to use is extremel}' difficult. Hence, if we 
can immobilize in the position of function, so much the better. 

To meet these two latter indications in the treatment of compound in- 
juries and fractures of the hand we hav'e sought some method whereby 
fractures could be reduced and held in reduction with the hand in the 
position of function in a compression dressing. In order to accomplish 
this we have attempted to develop a splint which would fit the hand 
smoothly and evenly, holding it in the grasping position and permitting 
even pressure to be applied to it, and at the same time permit and main- 
tain reduction of fractures. 

We have described this splint elsewhere® and do not ^vish to repeat the 
description in detail here. It is rather simply though exactly made of 
aluminum so fashioned that either the right or left hand falls upon it in 
the position of function. It is constructed so as to fit the hand smoothly 
so that the pressure of a compression dressing is evenly distributed and 
pressure areas do not develop. In using this apparatus we have not found 
it necessary to use traction in holding reduction. As a matter of fact, 
when we first started to use the apparatus we made preparations for 
applying traction, but never found it nec^sary to use it. T\Tiile we do 
not claim that every fracture of the hand can be successfully treated on 
this apparatus (universal hand splint), the great majority can be so 
treated. We 'U'ish, however, not to advocate any particular tj^ie of splint 
or apparatus, but rather to emphasize the principles which we have tried 
to follow and the indications we have tried to meet in caring for open 
fractures ; reduction of the fractures with the hand splinted in the posi- 
tion of function under a compression dressing. 

ILLUSTRATIVE CASES 

The following cases will illustrate the different tj'pes of compound frac- 
t^es of the hand and problems connected with them in a group of pa- 
tients cared for during the past few years. 

Case I (Fig. 5, R. N., Hosp. No 93687). — ^This 28 year old construction 
Worker sustained a severe crushing injuiy' when a hea%*j’ beam fell and struck his 
left hand. First aid consisted only of wrapping the hand in sterile gau2e, and the 
patient was transferred to Passavant Memorial Hospital within forty-five min- 
utes after the injurj'. 

Ihere was no sign of shock on admission. A superficial examination revealed 
obrious deformities of the index, middle, ring and little fingers. Sensation on the 
radial side of the index finger was absent, but motion was not attempted because 
of the obrious fractures. The patient was prepared for a general anesthetic, and 
on the way to the operating room an x-ray was taken of the hand.This examina- 
tion confirmed the diagnosis of fractures of the proximal phalanges of the second, 
third, fourth and fifth digits with severe comminution and with the fracture line 
extending into the metacarpophalangeal joint of the fifth finger. 
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Tlie suture was pbced throng the nai! at surgery in case traction 
should be require<i to reduce tliis difficult fracture. It has been so rarely 
necessary' to apply traction since wc have used the universal splint that 
we have practically given up the practice of preparing for traction at the 
time of the initial operation. 

The exten'jor tendon and the digital netv'c were repaired at the time 
of primary surgery. The extensor tendons can often be repaired with a 
fair cliance of successful end result m these severely comminuted frac- 
tures of the phalanges Flexor tendons on the other hand udien divided 
at the site of a compound fracture are usually best not repaired. The ex- 
tensi\-e dissection required to uncover them and the difficulties in main- 
taining relaxation render repair a rather formidable procedure. Tlie 
difficulties or impossibility of maintaining relaxation after repair and the 
certamtj* of a<Uiesions between the bone and tendon callus usually vitiate 
any repair performed However, in tht' case the accurately rctluced com- 
minutcrl fractures did not fuse with the extensor tendons to interfere 
with final motion of the digits and a satidactonly functioning hand re- 
sulted Ordinarily the bone and callus will unite with the extensor ten- 
tlons an<l preient final motion. However, this complication occurs, more 
•frequently when accurate reduction is not obtained. 

Here then uns a case with severe fractures of the proximal phalanges 
, 'dth mjurx’ to the digital sheaths and division of the extensor tendon. 
'Hie splint allowed proper reduction and alignment of the fractures, 
aided in reducing the postoperative swelling and permitted satisfactory 
repair of the extensor tendon. 

Cvsen(Fig 6.MS,Hosp No. W424) ~On Derembcr 17, 1946tbi3patient 
receivctl a severe mjuiy to her left liand while operating a punch press. She was 
seen one hour after the lajur.- Examination of the hand wdlh x-ra 3 rs revealed a 
severe crushing tx'pc of injurj- Tlie fourth digit was duskj' ®nd it was carefully 
explained to the patient that ainputalion might have to be done but she bi^ed 
tliat this digit be preserved if possible Under the<e circumstances every attempt 
was made to save this finger 

After careful cleansing m the openitmg room under general anesthesia the 
liand was examined more vnticaHy and the foUawing extent, of damage was de- 
termined. There n as a fracture of the second metacarpal mth extreme comminu- 
tion and marked dispLicement There were comnunuted fractures through the 
distal and proximal end of the proximal phalanx of the ring finger, and a trans- 
verse fracture through the distal phalanx of the same digit. A comminuted frac- 
ture of the proximal pliabnx of the little finger n-a? also present. There was a 
circular loss of skm about I § inches in diameter on the palmar surface and a long 
jagged laceration of the palm extending over the ulnar side of the h-and and con- 
tinuing to the dorsal surfaces of the ring and little fingerg. The extensor tendon of 
the little finger had been dnnded as xras the extensor tendon of the ring finger 
which Iiad been divided in places at thelevd corresponding to the double fracture 
of the proximal phalanx of tins dipt The ulnar aer\"e was intact but found to be 
suffus^ with blood throughout its entire course in the wound Tliere wa« a lacera- 
tion over the web space between ffie thumb and inde.x finger on the dorsal surface 
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Imk 0 (Case 11) —SovciP punch-picss mjuiy of the left hand with iniiHiplc fiaoluros, division of tho oxti-iisor ten- 
dons to rmn iiiul IiUlo fuiKora, ctusIumI inuside and torn and avulscd skin. The npiicr row shows tlio pro- and postopera- 
tive \-(ays The lower row sliows the preo|)erative condition and result tweiitv-eiKht days posloperativelv 
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tluoiigli \\hich pintruded tlie fwlly contu'swl and devitalized first dorsal inter- 
osseous nuisclc 

Aftei caieful excision of all obvioudy noiivLible tissue — muscles, the skin 
edges, subcutaneous tissues—tbe extensor tendons were repaired and the wournl 
clo-cd in layers. The circular defect on the palm was closed with a split-thickness 
skin graft. The fractures were retlucetl and their reduction maintained over a 
padde<\ steiAe umveisa\ sp\m\ by ihe ol a voVwminows piess^Te dtessmg The 
color of the ring fiiigci was of gicat concern throughout the operation and no 
great hope was held for its exentual suivival Postopeiativcly its du«ky color 
slowly increased and by the thud jiostopeiative day the digit was obviously 
gangrenous. This finger was .amputated at the level of the web ten daj's post- 
operativclj’ 

The x-raj’s taken after suigeiy revealed satisfactory reduction of the various 
fractures The soft tissue wounds healed s,itisfactorily and the thin skin graft 
took completely over the palmar delect 

This reprc?ents a torious tvpo of injury' involving multiple fractures, 
divided extensor tendons, mu?cle damage, crushed tom skin and actual 
skm loss. The universal 'plint permitted accurate reduction of all of the 
fractures and even tliat of the proximal phalanx of the ring finger which 
was fractured at two sites Tlie skin graft and the soft tissue wounds 
■^healed without infection Postoperative swelling was kept at a minimum 
'y the pressure d)es»ingN and the accurate reduction of tlie fractures 
/Hie ring hngei mu'* uJ ilouhtful viability when first seen but upon criti* 
cal examination ui rlu' opoi.iting room it appeared tliat the digit might 
possiblv sunn, rudouhtedlv wo were influenced somewhat by the 
patient’s gi.- o 1 1 .i, ,..n over losing the finger. However, later amputation 
at the level oJ i!i»' web was performed wlioti the first d^es^ing revealed 
the exact lev. 1 lU diy gangrene. Fortunately infection did not occur. 

C-vsbII. 7, M W, Hosp No S9209) — Wliile operating a punch pre^s 
this 20 year old patient leceived a severe injury to hn right hand He was trans- 
ferred to Passavant Hu-pital where superficial cvimination revealed multiple 
compound fractures of tlie hand. There was no shock and the patient was quickly 
prepared for gcneial anc'thesia and on the way to the operating room x-ray’s were 
taken of the hand 

The hand was caiclully cleansed under general anesthesia and the wound 
critically inspected It w.is found tliat there were multiple fractures involving 
the bases of all of tlic niotacarpals and the distal row of ciirp.d bones There w as 
also a compound di-location of the inlerplialatigeal joint of the thumb There 
was a bursting lacemtum at the dorsal web space between the thumb and index 
finger through which protruded the obv'iously devntnlized muscles of the first 
dorsal interosseus Tlicre was ilivision of the extensor tcmlons of the fourth and 
fifth digits. It was necessary to excuse most of the first doisal interosseus muscle 
which was severely contused, but most of the doisal skin ajipeared satisfactory 
to a critical appraisal at tlie lime After exiasion of the obviously devitalized 
tissue all the structures w ere repaired, the joint capsule of the thumb was closed 
and the extensor tendons to the fourth and fifth digits were sutured and the open 

— kWn.. »inc:(wi ... V t » . . ^ padded stenie 

The positions of the 




Fig. 7 (Ciisr* III) — Puncli-prcss injury to right hand with multiple fruclures of the timiiil), all of tin* iiietaoiirpals 
and the distal row of carpal bones, with division of the extensor tendons to the fourth anil fifth digits Tin* ujiper 
row shows the condition of the hand prcojicrativcly and six weeks postojicrativcly Note the addiietion of the 
tliumb because of the injury to the web space The reduction of the frarturis shows tin* adaptability of f In- iiui vei 
sal splint for both carpal and metacarpal fractures 


20 


MlCilAEL L. MASON AND HARVEY S. AtjLrA' 


nhat appeared to be crushed burned skm and leav’ing a defect 6 by 8 cm The 
proximal and distal stump-? of the conununis extensor to the index ere sutured 
tothosidesotthee’itensormdicispropnasteodonandthesti'^’" •' ' *r 

tendon of the third digit were simdartv — ” n 

extensor of tlic ring fin"«'* ' > 

brine'* 

tenet ...lounally 

eove •**•> men molded over a sterile 

padd •«'- piessure dressing applied The graft healed 

kmdl ..^v-iurcd metaearpala were maintained m sati^factojy position by 

the use of a splint 

This represents the type of erushiHR injury' where skm, subcutaneous 
tissue, tendons and bones are all involved To obtain satisfactory' healing 
the excision had to be complete and sufficiently- wide to reach healthy’ 
bleeding skm and Bubcutaneous* tissues. Tlic blood pressure cuff tvas not 
used in this case except to test for the extent of vascularity' by' elevating 
the preissurc for about three minutes atwl then releasing it to gain some 
opinion of the area of viable skm from the resulting hyperemia 

The divided extensor tendons were simply sutured side by side to 
adjacent intact tendons, and then the exposed tendons and bone nere 
carefuHy covered with shifted areolar and subcutaneous tissues, Tlie 
entire wound was dressed with skm to accomplish complete closure of 
the area Tie-over sutures were uscrl to bohl the pressure dressing in 
fiatl^facto^y position The splint held the hand m an ndequcite position 
for Ueahng of the sutured tendons, the fractures and the skin graft. The 
extensor of the index finger has healed m a slightly relaxed position and 
fads to completely extend this digit. However, this case illustrates again 
the adaptability of the splint in that it may be used for skin grafting, 
tendon sutuic and handling of the fractured bones .by maintaining the 
hand in a position of function. 

CAsc^ (Fig 9, V J , JIo'sp Xo 101.557) — Three daj^ before admission to the 
hospital this patient had sustametl a compound fracture to the right second and 
third metacarpal? when a heavy door struck the doraum of the hand Her jihysi- 
cian closed the v. ound under local anesthesia and x-raj^ taken later rexTialed cora- 
mmuted fractures of the bones Tvilh con<aderabledisplaceraent. When this patient 
xvas first seen at Passaxant Hospital the wound was briefly' examined and the 
hand placed on a uiuvereal splint Pour days later, seven days after the accident, 
a secondary reduction and closure was performed. At operation there x\as founil 
no Exidence of inlcction and the sutmes tvero removed A large hematoma deep 
IQ the wound xxas evacuated and the fractures xxere reduced under direct vision. 
Tliere xx'as no internal fwation of the fractures. The hand xvas placed on a sterile 
padded unixersal splint and a satisfactory reduction of the fractures maintained 
xxliile tlie skin and subcutaneous tissues were closed A large pressure dressing 
was then applied. Postoperative films Tevealed all fragments to be in satisfactory' 
condition except for a small piece of bone 6 mm. by 4 mm. betxxeen the second 
and third metacarpals This was remox'ed at montlis liter 
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lliis cube is an example of the delaj'cd reduction of tlie fractures, tlie 
method of care corresponding somewhat to that given to compound hand 
injuries during World War II. The optimum time for accurate delaj’ed 
reduction appears to be within five to seven days after injurj' before 
fixation lias occurred. Tlie hematoma deep in the hand gives some duo 
to the patliologj' of the late swelling, edema and fibrous fixation which 
is the bugbear of crushing injuries to the hand. Fairh' complete defini- 



Fig. 9 (Case V). — Dclaj-ed reduction of severely comminuted displaced frau- 
lures of the second and third inrtacarpals. The pliotocriiplis show the cundilioii 
of the hand at the time of the first postoperative dressinfi and the function of the 
iiand ten weeks later. The x-rays illustrate tlic reduction obtained, and the main- 
tenance in that position on the universal splint. 

tive care with attention to control of all bleeding and accurate reduction 
of the fractmes are important in minimizing tlie development of thick- 
ened swollen hands which are so typical of these injuries. 

Tlie universal splint allowed accurate alignment of the fractures under 
vision without internal fixation and the position was held firmly by the 
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Ix December, 1943, I presontcti a paper in which I attempted to stand- 
ardize criteria for adequate retinction of a femoral neck fracture. Tlii', 
paper was published in 1945*. Since that time, continued obsei^’ation 
and study have strcngt]icne<! the orijjinal contentions. 

ROUTINE MANAGEMENT 

Tlie care and management of the patient in the hospital often deter- 
mine the outcome of tlic individual case. Tlie care given a premature 
infant by the nurses and house officers in the hospifal probably outweigh*' 
most other factors in determining the fate of the individual child. El- 
derly people resemble premature infanta in their response to nursing 
and medical care. Good care meaua low mortality; bad care means high 
mortality. 

It must be definitely and emphatically stated that an intracap^ular 
fracture of a femoral nock in an elderly patient is no surgical emergency, 
but may well be a medical emergency. 

Tlie patient is put in a bod witli boards beneath the mattress. Russell 
traction, with no more than 5 pounds of weight, is applied to the afTected 
limb. The foot of the bed is olevaterl one or two notches. Tlie rubber 
sheet is taken from under the draw.shect and placed next to the mattress, 
so as to allow for a mattress pad and two sheets between the mbber and 
the patient’s buttocks. A flufTy pad is placo<l between the patient’s but- 
tocks and the sheet.?. Tliis prevents steaming and excoriation of the in- 
voluntarj' patient in her owti o.xcrcta. A complete overhead frame uith 
hand attachments is present. Tlie patient is encouraged to move about, 
lift herself up, sit up, roll, and in all ways keep mo\nng. An elderly pa- 
tient in good or fair condition, who is correctly tractioned and cared for, 
is comfortable. She can and will follow the above orders. 

The patient is turned from back to side ever>' two hours by the nurses. 
If it is not insisted upon that the patient turn herself or be turned every 
two hours, the floor care becomes desultory’. Nurses can ob«er\'e and 
remedy early trouble if the patient turns. Under this treatment, be<I 
sores ^ill not develop Tlie usual medication is an initial dose of Vj grain 
of morphine, and later dosages of I grain of codeine, and 10 grains of 
aspirin bj- mouth. 

An elderly patient who is in pain, who Ls in faulty traction or no trac- 
tion, uho is in a A\et bed, and who is generally miserable, usually gets 

From the Weale}- Memorial Hospital and the Department of Bone and Joint 
■-urgery, Northwestern University Medical School, Chicago 

^sistant Professor of Bone and Joint Surgery, Northwestern Universitj- 
^leaical School; Attending Orthopedic Surgeon, Wesley Memorial Hospital. 

31 



32 


ROBEnT *. MCELVE.VNT 


poor nuretng care and frequent hj’podermjcs. She is first, demorahsed , 
second, disoriented, and third, dftad 

Hie medical care of the Individual concerns Itself trith » complete 
survey of the vital functions and s>'steins. The bKirt, chest, blood, liver 
and kidneys are checked, and tliG medical care Is aimed at putting the 
patient in balance to withstand fMx^cry. Surgical mter\’cntion is post- 
poned until this balance has been attained. Tlie average tune from 
admi.ssion to operation is seven to ten daj's Often the time is longer; 
seldom, if ever, js it shorter In our opinion, it is foolhardy to operate on 
a patient who is in poor condition <mly m order that she may be gotten 
out of bed We may err in thh respect, but wc do not believe we have 
ever saved a life bj' cyierating becatisc of the poor physical condition a 
j^iatient is in Bather, we feel that if she »» comfortable, her best chance 
lies in good medical preparation first and good surgciy later. Under this 
regunen VC feci that if the patient is going to rally, she will If ghe is not 
going to, or if her condition otho^^^'lse is such that it precludes u-se of a 
good hip, futile .surgery lias been ai-oidcd intemsting observ’ation 
that appears to check v ith a patient's ability to withstand suigcrj’ is her 
ability to hold her breath If a patient can bold her breath fifteen seconds 
by the clock, die is likely to be a fairly safe risk. If she can hold her 
breath twentj'-fii-c seconds, the Is likely to be a good risk. 

Preoperative Care. — The night before the operation the patient is 
tiTicd. and two pints of blood arc obtained for her. Tlie affected side is 
irepared from nipple Imc to just below the knee and to the midline of 
he abdomen After tlie parts have been shaved, they are cleaned vitli 
cotton pledgets dipped m soap and water, washed ivjth alcolioJ, and 
dried iMth ether Sterile towels arc placed over the area m overhip posi- 
tion and firmly bound w ith gaurc bandage, nhich in turn is held in place 
with spiral adhesive 

The patient is left in traction, and the adhesive and foot block are 
left on If the adliesivc extends above the knee at the time of prepara- 
tion, it IS stripped to below the knee The patient goes to operation with 
this intact, and when she is returned to bed she is placed immediately in 
4 to 5 pounds Buck’s extension w'ith the same block and adhesiv'e 

Postoperative Care, — ^j-V/ter operation the patient receives no more 
than ono hjpodcmuc of gram of morphine. Codeine is given hypo- 
dermically for pain after the initial dose of morphine, and later on, 
codeine and aspirin by mouth are gh'cn when necessaiy for relief of pain. 
Penicillin is given routinelj'. 

No attempt h made to huny the patient out of bed. Good bed care 
is as effective as the use of a wheel chair. The patient usually asks to 
get up, or is in condition to do so, from ten days to three weeks after 
operation. In the meantime, she is rrfiearsing her deep-breathing ex- 
ercises, her many turning and lifting movements, and her leg movements 
of flexing, exercising the foot, and the likis. She is allowed up in the 
chair first, taught to use crutches later, and allowed to bear weight ac- 
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cording to individual conditions. Usually, weight bearing begins from 
four to six months postoperatively. No braces or calipers are u«ed. 
Frequent x-ray check is insisted upon. 

PROCEDURE OF OPERATION 

The development of the actual procedure in the operating room fol- 
lows. The two most important factors to be considered in the operating 
room are first, the anesthesia, and second, the x-ray. 

Ordinarily, we do not use spinal anesthesia in the elderly person. The 
correct performance of the complete procedure from the beginning of 
the anesthesia until the time when the patient is returned to her room 
usually requires from one to two hours. Spinal anesthesia has variable 
and unpredictable side effects. Many patients become excited and appre- 
hensive, and at times the anesthesia wears off prior to completion of the 
procedure. 

Local anesthesia has all the disadvantages of spinal anesthesia, plus 
poor relaxation, and lack of anesthesia about the foot, ankle, and knee. 

We have found the most satisfactory anesthesia for the patient and 
the surgeon to be a pentothal induction followed by inhalation anesthesia 
composed of 60 per cent nitrous oxide and 50 per cent oxygen, with 
occasional, small additional injections of pentothal. 

Statistics reviewed by us show the highest mortality folloudng hip 
surgery in elderly patients occurs in cases receiving local anesthesia, 
spinal anesthesia, and nitrous oxide in concentrations above 70 per cent. 
The lowest mortality occurs in those receiving pentothal with nitrous 
oxide and oxygen. Only under the most unusual conditions will our anes- 
thesia department vary from the routine anesthesia as set forth above. 

If the patient is in any pain, the anesthesia is started with the patient 
on the cart, and she is then lifted to the fracture table. "When the patient 
is on the fracture table and asleep, she is placed on the cassette holder 
of the table ^ith the narrow perineal post in place. No saddle is used, 
as the cassette box is supporting the patient throughout the procedure. 
Both feet are securely lashed to the foot pieces, and traction is applied 
equally to both lower extremities, so that when hea\y traction is applied 
to the affected limb, the patient will not shift from her position against 
the well-padded perineal post. Blood infusion and other intravenous 
fluids are now started. 

If one has an x-raj' head attachment, it is now fitted into position on 
the table (Fig. 11). If not, the normal limb is lowered by dropping the 
foot-piece post, the limb is placed in some abduction, and a portable 
x-ray machine is moved into position as close as possible to the groin on 
the affected side. After this another portable machine is moved over 
the affected hip, for taking the anteroposterior view. The x-ray tech- 
nician now measures the part, makes tlie necessaiy calculations, and 
sets the machines. The operator proceeds with the reduction. X-rays in 
both anteroposterior and lateral view’s are now taken. An assistant starts 



3i 


nOBERT T MrELVENNY 


scrubbing up. anct the surgeon to XTCtt’ the wet plates to see wliether 
or not reduction iias been accixnplished and whether or not the v-rays 
are of diagnostic value. So important are these two factors io both the pa- 
tient a>ul (he operator (hat no draping or removal of drapes is allowed until 
the ndiicUon in aljdncUon has been aelneml, and the x-ray technician has 
adjusted her machines to Ike point of getting diagnostic, clear-cut, wcll-cen- 
(ered fdms, showing complete head and necK tn both lateral and anieroposfr- 
nor fims. Wlien tins objective has lieen accomphsherl, and all settings 



Fig 11 —Diagram of Uble vi-up nifb way head E'ctromityjs in complete ex- 
tcrnal rotiidoii mtli traction applied and neck shifted medially 

are in order, the suigeou addticts tlic Hmb and has \-rays taken in both 
anteroposterior and luteia! \7evi‘s If these films are satisfactory, he then 
checks all fittings on the table to see that no motion of the patient or of 
the limb can occur Then, while the surgeon scrubs up, his assistant 
drapes the table and patient A marker, such as a towel clip, is placetl 
either over the affected hip where the center of its head should be, or, 
as we prefer, over the opposite anterior superior spine w'ith tlie pelvis 
level. 

A longitudinal, lateral incision, eentenng the greater trochanter, is 
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bturted just below the upper border of this structure, which is palpable 
because of the complete internal rotation, and is carried down the thigh 
about G or 7 inches. Tlie fascia lata is reached, but not cut until the over- 
13 'ing fat has been dissected from the fascia to expose this latter structure 
in a strip about 1 inch Rrido. Tlicn the lower limit of the fascia is nicked 
with a knife, a cuiA'ed Pean inserted as a guide between the fascia and 
the vastus lateralis muscle, and the fascia opened in a longitudinal direc- 
tion up to the trochanter. Tliis clearly exposes the attachment of the 
vastus lateralis at the base of the greater trochanter. This is cut through 
transverseh' in its fibrous portion, leaving enough fibrous attachment on 
the trochanter for re-attachment. With a broad periosteal elevator, the 
vastus is scraped distallj’ to expose about 3 inches of the shaft directly 
beneath the greater trochanter. 

Following this, a J-inch drill hole is started H to 2 inches below the 
lower border of the gieater tiochanter, centering the shaft. Tlie drill is 
started at right angles to the shaft, but as it bites its way through the 
outer cortex, the point is directed toward the marker on tlie opposite 
anterior superior spine, while the drill is kept level irith the plane of the 
ground. The drill is continued into the neck for a depth of about two 
inches and then irithdraun. A n*; inch Kirschner wire is then placed in 
the drill hole and lined up with the marker on the opposite spine and 
parallel with the ground, llie operator then elevates his hand about 0 de- 
grees so that the point of tlie wire slants slightly toward the ground and 
in line with the marker. Tlio wire is then gradually thrust home by hand 
until firm resistance is met. Two or three light taps with a hammer set 
the wire. X-raj's are again taken. If the wire is pcrfectlj* centered in both 
lateral and anteroposterior views, the depth is judged and adjusted to 
proper standards — a depth taking at least three quarters of the head, 
but missing the peripherj’ bj’ at least J of an inch. This is checked by 
x-ray. 

AMien the wire is in satisfactorj’ po'sition, an identical wire is placed 
alongside the first wire until the point of the second touches the femond 
S'haft. The difference in the length of the wires outside the femur shows 
the length of wire in the femur, and one cun thus judge the length of the 
cannulated nail required. If the first w ire is not perfect^’ centered in both 
planes, a second wiie is attached to a dull. After a study of tlic x-nivs 
showing the first wire, it i.s usually quite eas}* for one to angulate the 
second wire in such a waj' as to center the head and neck perfectl.v m 
both planes and get proper depth. Tlie J inch hole in the femur gives 
sufficient room to allow one to do this carefullj’ and well. The wire is 
thrust home and only drilled when resistance is met. After the nail length 
is determined, the wire maj' be drilled into the acetabulum under .x-ra\’ 
control, if such action is deemed advisable, 

A starter is placed over the wire and held on the w ire in such a way 
^t it will not ungulate against the wire, for this will mar or cut the wire. 
The corte.x is first cut with the starter; then the starter is rotated one- 
quarter turn and the cortex is cut again. This process is continued until 
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most resistance of the cortex is broken Thb starts the nail easily, pre- 
vents the edges of the nail from being turned, and precludes the tenclency 
for the nail to push the head a^ray. 

Tlie starter is removed, and the nail is threaded over the wire Great 
care must be exercised to avoid angulating the nail or the wire. If angu- 



Fig 12 — Illustrating position of extremity for fixation of hip fracture Note 


lation should occur, the wire x\ill be carried ahead of the nail and may 
bend or enter the pelvis. Tlicse are preventable complications. 

Tlie nail should enter the shaft and neck easily As the nail enters the 
head, slight resistance to the light taps of the liammer can be felt, and 
the tone of the hammer against the driver assumes a higher, less hollow 
sound. If any hard hammermg is necessai^', or if resistance is felt, one 
or both of the follomng things should be done 

First, the driver should be unscrewed from the nail and the length of 
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tlip A\ire measured with the wire which was previously marked for depth. 
If the wire is followng the nail, a drill should be placed on the vire and 
the wire pulled out about an inch. The nail should be started again, and 
if it goes easily, one or two x-rays in the anteroposterior view can check 
correct position of the wire as the nail goes home. 

Secondly, if resistance is still met, an x-ray in both views should he 
taken. If x-ray reveals bending of the wire ahead of the nail, the ^'ire 
should be taken out b}’ means of the drill. Fortunately, by the time tliis 
occurs, if it does, the nail is so deep that its course is determined. Since 
the length of nail is known, another wire can be quicklj’ placed through 
the nail and put to proper depth. If the wire is so badly bent that it vill 
not return through the nail, the nail must bo carefullj' tapped out and 
the ^ire removed. The nail should then be replaced and another wire put 
through the nail to proper depth. Again an x-ray check is made, and if 
the position is satisfactorj’, the nail is driven home. 

Before the final setting of the nail, an x-ray is taken when about 5 inch 
of the nail protrudes from the femoral shaft- If length is correct, the nail 
is driven home to the head, but no deeper, or splitting of the shaft may 
occur. If the nail is either too short or too long, it is changed before 
being set. 

The final position of the nail is checked in both planes by x-ray, and 
the vfbQ is removed. The heavy traction is released, the wound is irri- 
gated with four quarts of warm, sterile saline, and tlie wound is closed. 

GENERAL CONSIDERATIONS 

In many cases of hip fracture in elderly adults, there is a history of 
trauma. Tie majority of these fractures, however, occur in women, and 
the initiating cause is almost impossible to elicit. Close questioning of 
patients and relatives often gives no real clue to what happened to 
initiate these fractures. We call these common fractures "idiopathic.” 
By this term is meant that no real factor, such as tumor or adequate 
trauma, can be used to explain the fracture. It is our opinion that these 
idiopathic neck fractures should be classed as march, fatigue, or in- 
sufBciencj’ fractures.^' * 

In any discussion of bone healing, one must differentiate between 
immediate union of broken bone and the later process of reintalization 
of bone. These two processes blend into one another. The first precedes 
the second; the second usually follows the first. In certain anatomical 
locations, such as the hip or the talus, re\dtalization may not occur soon 
enough, may be only partial, or may not ensue. 

Large grafts, for all practical purposes, are dead bone. Grafts correctly 
applied usually take. Immediate union of dead bone to living bone thus 
occurs at the contact areas of the graft and the host. Tlie graft, if bridg- 
ing a defect and thus receiving forces upon it, must be protected for 
months until revascularization is complete. 

Thus, it can be deduced that lack of blood supply to the graft has 
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little effect on the mmiodiiite union of the graft to its host, ljut lias a 
great effect on the ultimate fate and function of a graft that has great 
forces working on it, either because it bridges a defect or bears unusually’ 
severe weight or functional forces. 

This paper deals with the immediate union of the graft (the femoral 
head) to the host (the femoral neck) at the fracture site It does not deal 
with the ultimate fate of the femoral head, which, if deprived of complete 
lilood supply at time of fiacture, may resemble a large bone giaft The 
complete revitalization of a femoral head after solid union at the fracture 
site takes many montlis, even yeais 

We loutincly keep our hip patients four to siv months before allowing 
weight bearing The older the patient, the sooner weight bearing is al- 
lowed, because of the fewer remaining j'oam of service tlie hip must en- 
dure Tliree of our patients (one through a misunderstanding, and the 
other two through complete disregard of instructions) began bearing 
weight between four and seven weeks postoperatively, and wore going 
about shopping twelve to fourteen weeks after pinning, with no support 
ONcept a cane They experienced little pain, some limp, and moderate 
swelling, with a feeling of achmg fatigue of the whole limb if used hard 
One hip of this series is five years post-pinning, another is fourteen 
months, and the third is eight months So far, these hips, by standards 
of x-rav and function, compare favorably with excellent hips that have 
‘ lot been allowed to bear weight for six months 

Tlie procc.'^s of complete revitalization of a femoral liead sufficient to 
withstand the onslaughts of function, according to our viowTioint, takes 
more than six months We feel that a correctly reduced and pinned hip, 
that shows exerj* evidence of being healed at ten to twelve weeks, will 
withstand full weight beanng. Those in the older age group may well 
begin walking w ith a cane at this stage Patients in the j'ounger age group 
should delay full weight beanng for many months Whether or not this 
long period of waiting diminishes the effect of aseptic necrosis or arthritic 
changes in lioads deprived of blood supply at time of fracture is not 3’et 
known in this condition. 

We feel, also, that the six months’ period of non-wcight-bearing has no 
relationship to the time required for complete revitalization of a femoral 
head Pathor, we feel that this stipulation of a six-months’ time interval 
developed in the day when reductions were uniformly poor, and fibrous 
union at the fracture site was commonplace. Experience at that time 
probably pointed to slx months as the average time when fibrosis about 
the hip was strong enough to withstand, partialli' at least, full weght 
thrust. 

Rapid union in a hip gives every advantage to the patient. Clinically, 
patients who are going to have good hips, with true immediate union at 
the fracture site, are well on tJieir way toward this end by five weeks after 
fixation. Patients who are going to have fibrous union (“molten Aony- 
ing”), ultimatelj’ ending in bony union, or who are going to have no bony 
union at all, at no time handle the leg well follow ing fixation Lack of full 
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internal rotation and lack of full, active control of the limb are seen early 
in these cases. Limp, groin pain, and a desire for external support, such 
as a cane, are present in all of these caa^ in varied degrees. From the 
time of fixation on, these failures never do get along well (Figs. 15. 
23, 2G). 

A patient with a well-united hip has at least a few years of active, 
normal life in view with no limp, pain or spasm. She uses no external 
support to walk or climb. She has full, active control of the limb and 
practically complete internal rotation. She returns to her former mode 
of living (Figs. 20, 22, 25). 


REDUCTION 

The purpose of this paper is to describe a method of reduction whereby 
I feel, from my experience and from confirmation by others, the chance 
of immediate bony union is greatly enhanced, ^\^len the leduction to be 
described is obtained, the cliances of union arc as good as, if not better 
than, any form of immediate osteotomy we have used. Furthcrmoic, the 
gait and use of the limb are bettor, and the fate of the femoral liead seems 
no more insecure than when an immediate osteotomy is done. 

The Criteria of Reduction. — It has long l>ecn recognized that certain 
so-called impacted femoral nock fractures will support full weight bearing 
and heal without fixation. Others, appearing also to be impacted, readily 
disengage and fall apart under similar circumstances. Tlie former may 
be called true abduction fractures, and the latter, false abduction, but 
true adduction fractures (Figs. 15, 20, 21). 

An abduction fracture, by our definition, is one in which a force is 
exerted in such a manner as might occur with the legs spread. The force 
on the upper femur is directed downward and medially. This causes the 
upper portion of the femoral shaft and neck to shift doumward and me- 
dially. The result is that the femoral lie.ad is thrown toward valgus, and 
the inner (medial) portion of the neck fragment comes to lie inside the 
medial portion of the head fragment. 

An adduction fracture, then, is one in which the force exerted on the 
upper end and neck of the femur is produced by adduction of the femo- 
ral shaft, and consequently shifts the upper end of the femur and neck 
in an upward and outward direction. The result is that the femoral neck 
tends to go upward and lateral to the head, spinning the head toward 
varus, and shifting the inner (medial) portion of the neck fragment 
slightly above and to the outside of the merlial portion of the licatl frag- 
ment (Figs. 13, 14, 15, 10). 

All disengaged hips are consideretl adduction-type fractures. Many 
so-called impacted fractures arc adduction-tj’pe fractures also, and will 
fall apart if not fixed, or fail if internal fixation is used without further 
reduction. 

One should attempt to convert all adduction-tj'pe fractures, whether 
impacted or not, to abduction-type fractures at the time of reduction. 
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Fig. 13 — Illustrates diagrammatically one method by which adduction fracture 
(.leiD and abduction fracture (npAO might occur. 



Fig 14 — Specimen of intracapsular fracture of two weeks' duration obtained 
at necropsy. Never reduced or internally fixed .4, Illustrates adduction (under- 
reduced) type of reduction. B, Ulnstrates abduction (over-reduced) type of re- 


ef the fracture 
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This is possible with but few exceptions. An abduction-type fracture, 
according to our conception, is considered gained when the medial por- 
tion of the neck fragment (femoral column) is under and inside (medial 
to) the inner portion (femoral column) of the head fragment (Figs. 12, 



Fig. 15,— /I, Spot film showing typical varus and adduction (undor-reduced) typo 
ofjiip fracture. B, C, Fate Illustrated. 



Fig. 16. — Illustrates method of testing on the spot film in the operating room 
whether reduction is adequate (abduction type), as shoivn on right, or inadequate 
(adduction type), as shown on left. If, as &hon*n on the left, the neck line lies out- 
side the head line even a millimeter or two, failure is probable. The neckline must, 
without doubt, fall inside the head lino at least a sixteenth of an inch on the film. 
An eighth of an inch is better. 

14, 16). In our experience, once this position has been gained and the 
fracture correctly fixed, union proceeds at least as rapidly as in hips 
ha\*ing immediate osteotomies. That is, union^'is established in from 
eight to twelve weeks. 

So much has been written about the importance of reducing hips so 
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tliat tkc Uesul {ragivtieut Is m va%us, that many meu Uiink that once this 
po&ition ot valgus is obtained, the entena for an adequate reduction have 
been satisfied abduction type of fracture obtained at time of rediiC’ 
tion almost guarantees a head m valgus. However, valgus itself may or 
may not indicate a reducton which mn lead to immediate bony union 
A liead m valgus with the medial portion of Ifie neck ftagmeiU under and 
tnsidc the head fragiucni usually means tmmcdiate bony union Contrasted 
to this, a head in vale/us^ icith the necl. fraymenf shghihj above and ilunner 



Fig 17 — Tlirof Mens of bamc hij>, taken two month? after pinning A, Shows 
view in eompii’te internal rotation li. View in ten degrees of internal rotation 
C, View 11) inaMmuni esternal rolalion 

Note that no ks?er trochanter shone in complete internal rotation (/t), and 
that this IS only vic»v showing without doubt that abductioa (over-reduced) 
position of fragments eMsts TIim view m only xricwcoiitaiiiiiig definite diagnostic 
qualities, for deteriTuunig aeeoratcly the relationship of head and neciv at fracture 
site (Compiire With Figure 27, Senes I and Senes If ) 


border shghthj o'ltyuU (he inner border of the head frayrru nt, usually means 
failnre of immrthalc bony union (Figs 18, 23) 

NYe can sitow oasCB m which an abduction type of leiUiction has been 
gained tvitii the head in definite \aru8 These hate all piogrcfesed to union 
and satisfactory hips However, all of our cases in wJiich \’arus of the 
head existed but the neck was not under iuid inside the head, as de- 
scribed, have failed to unite (Figs 15, 22) 

We feel, therefore, that the terms “valgus” and “varus,” as applied 
to the reduction of a fractured hip, are only relative and do not by them- 
belves in any way imply any standard by which a reduction leading to 
rapid, immediate bony unHui can be judgel A hip united in valgus is 
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Fig IS — A, Illustrates inadequate reduction (adduction type) Note that 
iiisulhcient traction lias been applied, as shonii by lack of distraction at outer 
side of head and neck, which prevents neck from moving under head. Note ad- 
ilucted position, with failure of neck to maintain desirable relationship to head. 
Fine lines have been drawn on this spot film, showing this clearly, yet fracture was 
pinned with nail centering neck and head in both planes. B, Shows result few 
weeks later. All strain and shearing forces luive been applied from neck to metal, 
not from neck to head. Note “beak” on low'er, inner portion of head fragment, 
that by over -reduction would have nestled inside projecting portion of femoral 
column on neck side, giving c\ccncnt chance for union. C, D, Show' almost identical 
view's in spot film and film a few weeks after pinning of hip having abduction typo 
of reduction. Note how shaft in C and D appears to bo under head and medial^’ 
displaced, as compared to A and B. Compare with Figures 12 and 16 

superior to one united in varus, but to us, obtaining valgus implies noth- 
ing e\'cept that good functional position is obtained if union occurs. 


44 


BODEIIT T. MCEI.I’ENNY 


In this paper no mention ahII be made of an anatomical reduction. 
Anatomical reposition would mean that the inner border of the neck 
fragment (femoral column) would anatomically contact its counterpart 
(femoral column) on the inner border of the head fragment. In the x-ray 
view to be described here, there has been no case of absolute anatomical 
reposition observ'ed by us in cither our open or closed reductions. The 



there, so that internal rotation is not complete, or it may throw the head frag- 
ment into a position of external rotation, and thus angulation occura at the frac- 
ture site Because of the spherical shape of the head, an anteroposterior x-ray 
view IS of no value alone m judging nail depth, unless the nail is perfectly cen- 
tered in both planes If the nail isnot perfectly centered, an anteroposterior view 
may show what appears to be satisfactory depth, while the lateral view may show 
the nail at the articular margin or bejund it. Final chcck-up before closing the 
nound should routinely include an excellent roentgenogram in both the antero- 
posterior and true lateral views. 

femoral column of the neck fragment lias either been just inside (abduc- 
tion or over-reduced tJTje) or just outside (adduction or under-reduced 
type) its counterpart m the head fragment (Figs 14, 15, 20) 

Technic of the Reduction. — ^TLjs consists of converting an adduction 
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The reduction cwinot be achieved routinely by manual traction or manipula 
lion and shoidd not be attempted. 

A fracture table is used, and the patient is set up as previousl}* de- 
scribed. The affected limb is placed in 20 to 25 degrees of abduction and 
in complete e.xtemal rotation. Traction is gradually increased while the 
hip is gently toggled up and down. Wlicn sufficient pull has been made 
and the adductor muscles are taut, the foot piece is loosened to allow 
internal rotation. The foot should not be rotated to gain position, as 
great strain is sometimes put on the knee in this manner. Rather, the 
knee is rotated inwardly by the operator, while an assistant rotates the 
foot piece. If resistance of any d<^ree is felt, the maneuver is not com- 
pleted. More traction is made. The knee should internally rotate 
smoothlj' and with little effort. Internal rotation is continued until the 



Fig. 20. — Illustrates complete internal rotation view, clearly showing what 
might be called anatomical reposition, but what closer observation clearly shows 
to be an adduction (under-reduced) type of fracture B, Illustrates effect of more 
abduction and traction, and of pushing medially against trochanter and then 
adducting shaft to about neutral. x-Rays shows fracture has definitely been con- 
verted to abduction (over-reduced) type and is now ready for internal fixation. 
C, Fifteen months post-pinning. 

medial condyle of the femur points directly toward the floor and the 
patella faces directly medially. Wliile this position is held, an .x-ray in the 
anteroposterior direction is taken. If the x-ray shows the femoral column 
of the neck fragment to be under and inside that of the head fragment, 
the limb is adducted to neutral lateral position with internal rotation 
and traction maintained. If not, one Judges from the x-ra}' whether or 
not more traction is needed to obtain enough overpull to allow the shaft 
under and inside the head. If more traction is needed, this is applied with 
the limb in more marked abduction than before and with internal rota- 
tion. \\’^ith the increased traction maintained, one pushes downward and 
medially against the greater troclianter. The result of this maneuver is 
checked by x-ray. If reduction is satisfactory, one then adducts the limb 
to neutral, as described above (Figs. 11, 12, IS). Tlicn anteroposterior 
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Fi>! 21 — .1, iJiu5tiaSfs *m|iact«><l Imcturc InJornal rotation porformeil for than 
view nitiiout ftnesthctic Internal rolaMon not <imtc complete, for fcni of die- 
locisins frAgnicntA C'sroful ub»ervation repeals impacted adduction (under* 
^reduced} type li, t:ihovi5 tctah after traction, abduction, and external rotation, 
ffolJoncU by complete mtctnal rotation, pushing medially against greater tro- 
I banter, aud tdduoting Umh Fr.wtuie is now ilofwitelj abduction vover-teducpdl 
type and IS rr uij fi>i fixstion 



Fig. 23.— .1, Shows hip vMtii abduction type of reduction purposely pinned with 
head in tmus, ia al>o\i\ 30 degrees B, Result two years later 
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and lateral x-rays are again taken. If, by adducting the limb, one has 
succeeded in keeping the fragments in position for locking, this will be 



Fir. 23. — Illustrates inadequate reduction, that was converted into more of 
an abduction type before pinning. It, Shows results of tliis nuineuvor at ai.^ months 
post-pinning C, Sliows results at two years posl*pinning 1), Another fracture 
showing inadequate reduction The hip is still under-reduced and is of the adduc- 
tion type. £■, Same case, six months after pinning in position shown in O. Note 
projection of medial side of head in relation to neck. F, Same case two years post- 
pinning G, Same case seven years posl-pinning 

Fractures in A and D are similar in type. In contrasting position of shafts in B 

.,nrl r *l _* n 4« . • •• •• • • • jJjg jg. 

I weight 

Views 

to y illustrate what we tern " ’ ^ - si\ months, 

E appears to be united, but gun at that 

time, but patient never was re . a cane, and 

the like. Note in F how head has moved toward varus, and how productive bone 
reaction is marked on upper surface of neck, witii fracture line and evidence of 
sclerosis showing. Patient liad less pain three years after pinning than during 
first two years. &ven-ycar film (G) shows that bony union at fracture site finally 
occurred before nail cut out of head. Fibrocystic areas eliow in the sclerotic hcati, 
and arc similar to areas about or in ununited or sclerosed carpal naviculars. Wc 
believe tliis condition siioiild not be confused ivitb true aseptic necrosis that fol- 
lows true bony union. We feci that the etiology of these changes is the delayed 
union, and that if immediate bony union bad occurred, these changes niiglit have 
Iwn prevented. Compare with Figure 25 Compare G with view without nail in 
Figure 25, A. Compare with Figure 26. 


shown by the fact that the neck fragment remains under and inside the 
head fragment, with no slipping Tlie lateral view should show the frag* 
ments in line. Then, and only then, is fixation of the fracture accom- 
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plished, the limb held in neutral lateral position, rotated internal!}' 
to the maximum, ■Piith traction maintained. We have not encountered 
paresis or paralysis of the sciatic ner\'e following heavj* and sustained 
traction. 

Tlie neck must be shifted inside and under the head. In this position, 
■with the limb in neutral lateral position, the fracture line at the neck 
looks upward, not medially. In the x-ray, the neck appears to iiave 
shifted medially in relation to the head. The line of weight thrust and 
muscle pull runs in a manner tending to impact the head and neck with- 
out shearing forces. Tliis is the reason that neutral lateral position must 
be the position prior to fixation. The test of leverage, as pro\'ided by 
adduction, shows whether or not the neck fragment 'will stay under and 
inside the head fragment of its own accord. 

If the hip is internally fixed in the position of abduction, even though 
the neck appears to be under and inside the head, this is not necessarily 
the position the fragments favor. After pinning, when adduction of the 
shaft occurs, leverage will be exerted at the fracture site. At first, this 
leverage ■nill not be in line of weight thrust or fixation material. The 
leverage is first applied to the fixation material by the neck of the femur. 
Tlie fixation material transfers tliis leverage to the head. The head then 
rotates to accommodate the shaft. Before the neck fragment can snug 
up inside and under the head, these adduction forces have acted. The 
inner portion of the neck fragment may slip by, and lateral to, the head 
fragment. The reduction, as described here, may therefore not be ob- 
tained. 

‘VlTien the limb is adducted to neutral, a small sandbag is placed be- 
tween the knee and the tabic to prevent undue strain on the medial 
collateral ligaments of the knee. The limb is then draped in preparation 
for the insertion of the fixation material. 

Occasionally, we are unable to reduce correctly a very oblique frac- 
ture or a fracture with comminution of the neck. In tliese cases, we favor 
gaming the desired position by an immediate osteotomy. This is more 
certain than an open reduction. We feel that open reduction is seldom 
the procedure of choice. It is unusual to fail to obtain reduction by 
closed methods, but if this should occur, an osteotomy seems to us to 
offer the patient the next-best chance for a good result. 

In cases difficult to reduce, or in which the insertion of the nail we use 
might cause a reversal of our favorable position by pushing the medial 
portion of the head toward the midline of the body, we do the following. 
We not only center the neck and head with a Jfi inch Ivirschner wire, 
but continue to drill the anttc deep into the acetabulum. We feel that this 
fixes the head and holds the desired position until the head accepts the 
fixation material to proper depth (Figs. 18, 25). 

^ The Fixation Material. — ^Vny inert fixation gadget that holds the de- 
sired position sliould prove adequate. IMien reduction is iaadequate, 
adduction of the affected limb, which is a normal physiological position 
of the human femur, plus the downward push of the trunk, tends to push 




F»k 25 —il. Same case as Figure 21, . 4. B and C Hip without nail, shown m /I, 
is now eight years post -pvnmng Natl was removed fi%e s'esvre postopperatively Hip 
showing nail is tmi and one-half years post-pinnmg B The more recent fracture 
Similar in type to ns fellow . its shown in Figure 23, ,1, B and C Note abnormally 
long “beak” on medial portion of neck fragment C. Shows marked traction by 
Soutter apparatus, with ina<!equatc reduction Compare with Figure 23. D, E and 


shows area on upper and outer portion of head that suggests aseptic necrosis Note 
lack of bone production ab<>ut old fracture site Compare with Figure 23, 0, and 
with Figure 

melts away, and the metal loo^ns. llie bone mu«t hold the metal Tlie 
metal cannot hold the bone 

Wlicn the neck fragment is under and inside the head fragment and 
reduction is therefore adequate, adduction of the limb throws the inner 
side of the neck^again^t the head fragment This tends to rotate the 
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Fig. 26 —A, “Molten flowitig” nnd dcl.jyed union gf head and neck at fracture 
site, three years post-pinning li. Aseptic necrosis moderately advanced, five 
years post*pinning Xote that fracture site is well healed, with no evidence of bone 
proliferation about it. Aseptic necrosis occurs pro\imal to the fracture site and is 
most marked in the upper, outer quadrant of the head. C, Complete aseptic necro- 
sis of femoral head, four years after fracture of the posterior lip of the acetabulum 
and traumatic dislocation of the hip. D, Aseptic necrosis in adolescent hip, follow - 
mg closed reduction nnd fixation of slipped upper femoral epiphysis. i\septic ne- 
crosis, as shown in li and C, closcl 3 " resembles aseptic necrosis as seen in ado- 
lescence following slipping capital femoral epiphj-sis D. A apparently’ shows a 
different process, which is related to delayed union and nonunion at the fracture 
site, A illustrates a far more common result in hip pinning than do B and C. If the 
type as illustrated in -I could be markedly decreased, or eliminated, a larger per- 
centage of goofl hips would be obtained. We feel that the result illustrated by .1 
can be greatly influenced by adequate reduction and immediate bony union. The 
results shown in B, C and D are dependent, more or less, on the amount of blood 
supply afforded the femoral head. Aseptic necrosis is a normal physiological 
process, resulting from loss of blood supply and replacement of bone. “Molten 
flowing,” or delayed union, therefore, is influenced far more by correct reduction 
and fixation than is aseptic necrosis. Compare with Figures 23, 24 and 25. 

head fragment with the shaft, and support of bone to bone is achieved, 
with little or no force transferred to tho fixation material if it is correctly 
plficwl in line of the femoral column (I***® weight thrust). Further- 
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Scries IV 

Fig. 27 (Courtesy of Dr. Morton Leonard) — Dr. Leonard has shown by his 
studies the importance of careful centering of the fixation material in both di- 
mensions. 

Series I. Accurate and true anteroposterior and lateral photographs and x-rays 
of a femoral neck and head. Xotc true length and angle of neck, and that lessor 
trochanter barely shows. Compare with x-ray views taken in identical positions. 

Series II and III. Pliotographs and identical x-ray views of imperfect nailing, 
such as is exhibited also in Series I. 

Scries IV. Nail well centered Note that photograph is not a true anteroposte- 
rior view. The lesser trochanter Shan'S. The nock appears foreshortened, with the 


center each lap with a guide wire that is proved well centered by e.xcellent x-raj-s 
in the anteroposterior and lateral positions. 

more, since the head, whether it is in valgus or not, sits on the neck in 
more or less of a crater, tlie downward thrust of the trunk tends to im- 
pact the fragments, rather than to angulatc and distract them. The only 
force that can break up these favorable factors is one that disengages the 
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fragracDts. 'Hic most patent force in aecompiyiing Urn wyiiH he ex- 
tenial rotation of the nt?ck on the head. This normally is not too great a 
force if the head moves easily, bwt when the limb is artificially froggcil, 
it may become a potent force. 

'Hie cannulatcd Smith-Petersen nml can be accurately centered in 
both planes and put parallel to tlie Ime of weight thrust niiis, it offers, 
no resistance to impaction. The nail rugged, requires hut ouc wire to 
center it accurately, is safe when carefully used, and, as far a-s we can 
determine, does not greatly complicate the blood suppU' to the head. 

A Plea for Standardization of X*Ray Views at Time of Reduction and 
a Study of These Before Insertion of the Fixation Material. — It is essen- 
tial that all vray views be taken under standaixl contlitions. Onb* in this 
way can ca^e-. he studied, stantlards of excellence developed, and prog- 
nosis given with some degree of certainty In the ca^^ of the hip, one 
need only take an anteroposterior view in the positions of external rota- 
tion. neutral rotation, and internal rotation to himself that some 

standardiration of hip news is essential m the ca.se of fracture of the 
neck of the femur (Fig 17) 

An anteroposterior view of the hip taken with the limb m complete 
internal rotation shows no leaser trochanter, the complete neck length, 
the separation of the fragments, and no overlapping In our experience, 
this view, and only thi« view, is of value in judging a sattsfactorj’ reduc- 
tion (Figs 18, 24, 27) 

After repeated study dcscnbetl earlier*, we feel that the value of an 
anteroposterior now m complete inteniai rotation, in ca5C of a fractured 
femoral neck, is of eMreme value. Depending on the findings in this view 
alone, one can decide whetlicr to continue reduction or proceed with 
fixation If fixation ls decided upon, of course lateral views arc essential 
Ahip should not be internally fixed until good antoroposterjor and lateral 
views proie reduction (Figs 18, 19, 24). 

In case*! of impacted fractures, a true abduction fracture can onlj- be 
diatmgui-hed from an impacted adduction fracture by an antcropo-«te- 
rior view of the bip taken with the Imb in complete internal rotation. 
'Hie impacteil adfhicfiou type of fracture should be r«iiic«l and inteni- 
atly fixed Tlie abduction tx-pc need only be mternally fi.ved TIiih may 
not be nece’•^ary. but we feel il Ls Kifer to do so (Figs 15, 20, 21). 

No motion of the hmb *>hould be allowed from tlic time the re<iiictio« 
is accomplt'hetl until the Sskin t> flowed. Frogging the limb to achieve a 
Literal view- lia- no place m good hip w-ork If the above metliod of rwluc- 
tion is used, there is no opportunity to frog the limb 

It Is extremely important that the fixation material center the head 
and neck in botli planes and that plenty of eortf.x ‘.uiround the nail in 
both iiew>i and on all sides (Fig. 27). 

As mentioned before, all measuronentii and settings for the roentgeno- 
grams should be taken by tlie teclmician and x*rays of diagnostic 
quality produced, showing the cwnplete head and neck, before the 
actual operation is undertaken. 
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By x-ray, a satisfactory fixation is one in which the fixation material 
enters the shaft of the femur at or below the level of the lesser trochanter, 
runs through the low midportion of the neck parallel to the femoral 
column, and centers the head in both planes (Figs. 17, 19). 

SUMMARY 

1. The fate of the femoral head in relation to aseptic necrosis i.'? 
probably determined at the time of neck fracture. Aseptic necrosis of 
the degree that causes absorption and collapse of the head is a com- 
paratively infrequent complication in our series. Femoral heads that 
have been extensively deprived of their blood supply at time of in- 
jurj', but which have united promptly with the neck, soon show disin- 
tegration and the complete extent of bone death. When no attempt at 
union with the neck has been made, but extensive damage to the blood 
supplj' lias occurred, the proximal fragment often preserves its con- 
tour until weight-bearing is initiated. 

At present it appears that little can be done to save a femoral head 
extensively deprived of its blood supply. It would seem that the de- 
privation of blood supply initiates the normal physiological process of 
death of bone and ultimate attempts at repair by Tcplacemcnt with 
new bone. We believe that this fact in itself has no major effect one 
way or the other upon the immediate bony union of the head and 
neck. 

2. Nonunion resulting in separation of the head and neck has been 
an infrequent cause of failure in our series. 

3. Delayed union or “molten flowing” has been the most common 
cause of failure in our series and in any series of hips we have had the 
opportunity to review. Delayed union, if untreated, remains in some 
cases as fibrous union, and in other cases bony union is eventually 
achieved. 

The x-ray appearance of aseptic necrosis differs considerably from 
that of delayed union. The former is due to actual loss of blood supply. 
The latter is due to failure of immediate bony union. 

In this paper we are attempting to aid in the differentiation between 
aseptic necrosis, a rare complication, and delayed union, a common 
complication. 

Since aseptic necrosis to a degree that interferes in any way with 
hip function has been observed by us only once in our series of sixty- 
five hips, we consider it an infrequent complication as regards the 
immediate future of the femoral head. 

If delayed union and nonunion can be decreased to the point where 
they become a negligible factor, the good results from hip pinning 
should be greatly increased. True aseptic necrosis following immedi- 
ate bony union of the head and neck should then become the main 
cause of disability. We believe that at present this is not the case. 

4. It has been stated that a normal hip always shows the lesser 
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trochanter in the anteroposterior roentgenogram. One may correct 
this faulty impression bj' placing any normal individual supine on the 
x-ray table and manually internally rotating both knees to the ex- 
tremes. A film taken nith the patient thus positioned ^\ill adequately 
demonstrate the absence of the lesser trochanters 

Our series includes sixty-five consecutive fractured hips of the 
intracapsular type. No basilar fractures, fracture dislocations, or 
fractures due to tumor or radiation are included. There are sixty-four 
patients in the series, one patient suffered bilateral fracture. 

Since 1945 all hips in this*serics have been operated upon at one 
institution. All hips have been carefully followed by clinical examina- 
tion and serial roentgenograms. 

Of these sixty-five hips chosen for surgerj’, the following data are 
offered. The longest follow-up in this series is now over eight years. 
The shortest follow-up is one year. This series includes the thirty- 
eight hips previously reported* 


C*ies Ptr Ccot 


Aseptic necrosis.. . 

1 

1 Si 

NonunioQ 

2 

3 06 

Failure to reduce (osteotomy) 

2 

3 06 

Delated union 

5 

7 CO 

Deaths m hospital following pinning 

1 

1 S3 

Serious infections 

0 

0 

Total failures 

11 

16 78 


Since 1945 twenty hips have been pinned consecutively and have all 
been included m this series. There have been no nonunions and one 
delayed union. There have been two hips in which satisfactory reduc- 
tion could not be gained, and rather than risk an inadequate reduction 
and delayed union, an immediate osteolomj’ was performed in each 
case. 

In our series to date all cases showing proper reduction have 
promptly united All failures, except the case we feel to be a true 
aseptic necrosis (Fig. 26, D) were inadequately reduced. Of the eleven 
cases classified as failures, improper reduction accounts for seven of 
thcsej(the two nonunions and the five delayed unions). These seven 
cases account for 10 7 per cent of the entire series and C3.G per cent of 
the total failures. Review of these seven cases convinces us that proper 
reduction might have been obtained in each case. 

JIany studies published on intracapsular hip fracture have classified 
failures into those with obvious nonunion, those with “so-called” 
aseptic necrosis, those with osteoarthritic changes, and so on. Other 
hips that show eventual bony union following what we term delayed 
union have even been classified as “fair" or m some instances as 
“good.” The conclusion as to cause of failure in most instances refers 
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back to the interference with blood suppi}' to the head fragment. No 
mention is made of the effect of delay^ union. 

True aseptic necrosis of the femoral head can and does follow many 
conditions such as traumatic dislocation, forcible closed reduction of 
some congenital hips, and other conditions in which there has been no 
separation of the head and neck. It also may follow an immediately 
and well united femoral neck fracture (Fig. 20, B). 

The majority of cases reviewed in the literature that are classified 
as nonunion, aseptic necrosis, or osteoarthritis due to poor bloodsup- 
ply to tlic fragments, are, to our way of thinking, obvious cases of 
inadequate reduction resulting In nonunion, fibrous union, or delayed 
union. 

It is to be noted that hips in this series are classified in two groups, 
with no relation to union or nonunion. All hips that have not united 
immediately and are not comparable by function and by x-ray to the 
normal hip of the patient are classed as failures, regardless of cause. 
This series contains no fractures in which an arthritic hip demonstra- 
ble by x-ray was present prior to fracture. 

Fifty-three of these si.\ty-four patients were or are living normal 
lives and had or have returned to their former occupations and 
recreations. 

Close study of this series is continuing. It is our hope to subse- 
quently report this series in detail, giving special attention to the 
ultimate fate of the femoral head in hips having adequate reduction 
and immediate union of the neck fracture. 


CONCLUSION 

Certainly no contention is made that the above position is the whole 
answer to immediate union of femoral neck fracture. We do, however, 
make the following contentions. 

1. This is one method that at least attempts to give definite standards 
to be obtained before fixation is attempted. 

2. Merely using the standard of obtaining valgus at the time of reduc- 
tion and using fixation material through the neck and head without first 
proving by x-ray that the neck fragment is under and inside the head 
fragment, often results in insufficient reduction and will lead to many 
more nonunions and delayed unions than the reduction advocated here. 

3. The position described has, in our study, offered the best possible 
chance for immediate union of the fracture site. 

4. In our series to date, all failures of immediate bony union have 
occured in hips that have been pinned in the under-reduced position. 

In our hands, osteotomy is now resor\'ed for those cases in which a 
satisfactorj* reduction cannot be obtained, or in which, after fixation, 
failure of union is shown to be imminent or to have occurred. 

3 
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TREATMENT OF CONGENITAL DISLOCATION OF THE HIP 


W. J. SCHNOTE, M.D.* 

lx 1940, Dr. E. L. Compere and I describe(l a metliod of treatment of 
congenital dislocation of the hip. At intervals we plan to levicw our 
^eries of patients \Yith congenital dislocations of the hip and report our 
obser\’ations and any changes in the treatment that may become 
necessary’. 

Early diagnosis and early treatment of a congenitally dislocated hip 
certainly has a direct relationship to the end result. The children in this 
series have all been under 4 years of age; but, unfortunately, only one 
child has been y’ounger than 1 year at the beginning of treatment. 

The basic plan of treatment of these children has been the gentle 
manipulative reduction of the dislocated hip with the patient under 
general anesthesia. Gentleness in this manipulation cannot be over- 
emphasized. Forceful manipulation can only cause irreparable damage 
to the hip joint. Tlie danger of additional injury' to the shaft of the femur 
and to the epiphyseal cartilages of the femur and pelvis is always present. 
Under light anesthesia sufficient relaxation is obtained with gentle 
traction to permit reduction of the simple congenital dislocation of the 
hip. 

Traction on tlie extremity is continuc<l for five to ten minutes. It is 
important not to hurry’ this phase of the reduction. The hip is tlien 
flexed above 90 degrees, adducted across tlic pelvis, and abducted into 
the frog-leg position of 90 degrees or more abduction, 90 degrees externa! 
rotation and 90 degrees flexion of the knee. In most cases the reduction 
of the hip can be felt bj* the surgeon and an audible snap heard. This 
reduction can also be clieckcd by a simple clinical test. If the hip is re- 
duced and lield in the frog-leg position, it will not be possible to extend 
the knee completely; if the attempted reduction has failed, the knee 
complete^’ extend with ease. A double, long leg plaster spica (Fig. 28) 
IS applied and kept on for three or four months. Postrcduction .x-rays are 
necessary’ without exception. 

At the end of three or four months the cast is changed, and a double 
hip spica cast is applied to hold the hips in wide abduction and internal 
rotation. This cast is worn for six to eight weeks and is then removed, 
following which bilateral long leg casts witli a wide spreader bar (Fig. 
29, 30) to maintain abduction and internal rotation are applied and con- 
tinued for six weeks. At this time active hip motion is begun. 

Rigid shank shoes fitted with a spreader bar of a length permitting 
maximum abduction and internal rotation of the liips, similar in con- 

* i^ssociate m Bone and Joint Surgery, Xortliweatern University Medical 
School; Attending Orthopedic Surgeon, Wesley Memorial, Chicago Memorial, 
and Children’s Memori.al Hospitals, Chicago. 
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Fig.29 — Loog leg casts ivith spreader bar, maintainiog^ide abduction of the hips 
which 'in this stage arc held in intenud rotation. Motion of the hips is begun 
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Fig 30.-“Spreador bar attached to high top shoes, maintaining wide abduction 
and internal rotation of the hips but permitting greater freedom of movement of 
the hips and knees, and also permitting periods of activity without support. 


struction to the Denis Brovvne splints, arc to bo made ready to replace 
the abduction casts. 

The abduction boot splints are worn for six to eight weeks da}’ and 
night and removed only for bathing. The interval of freedom from the 
splints is slowly increased over the next six montlis — at the end of which 
time the splints are worn only at night, and the}’ are continued at night 
for one or two years or as long as ncccssar}* to develop a deep, adequate 
acetabulum. 

The aim of the prolonged support of the hips in wide abduction and 
internal rotation is to develop and deepen the acetabulum by constant 
active pressure from the head. This has been accomplished in these 
patients. 

A simple congenital dislocation was mentioned in a previous para- 
graph. This t}'pe of dislocation is in contrast to the dislocated hip asso- 
ciated wth arthrogiyposis muUipIe-x congenita or multiple other de- 
formities such as a congenital shortening of the femur, absent sacnim, 
or multiple deformities of the lumbar spine with neurological changes in 
the lower e.xtremities. The reduction of these t}’pes of dislocations and 
the maintenance of the reduction is difficult and frequently disap- 
pointing. 






PiR. 34.— X -rays, taken June 12, 194S, showiDg complete reduction of the hip 
Acetabulum compares favorably in depth to the normal hip. Clinicall)*, gait was 
normal, leg length was equal; and Trendelenburg was negative 



64 


W, J. SCHNUTE 


Occasionally reduction of the dislocation has not been possible at the 
first attempt; but after a week of relaration in a cast holding a frog-leg 
position, a second attempt is usually successful. In one of the patients in 
this series, four gentle manipulations were carried out before reduction 
was obtained. 



SURGICAL APPROACHES TO BONES AND JOINTS 

John J. Fahey, F.A.C.S.* 

This presentation will bo limited to certain approaches that have been 
found useful in exposing the long bones and joints of the lower ex- 
tremity. No attempt will be made to describe all the exposures, as this 
subject has been well presented in a few books devoted to approaches to 
bones and joints,** - and in a chapter in one of the orthopedic texts * 

The proper exposure of a bone or joint aids in avoiding nerve injury 
and reducing hemorrhage, it minimizes muscle and soft tissue damage, 
healing is more prompt, and adhesions and scar formation are much less 
likely to occur. Screws, plates and other means used to accomplish fixa- 
tion will require removal less frequently because of irritation, pressure 
and bursa formation, if muscles are properly separated at operation. 

The application of a Jilartin b-andage or a pneumatic tourniquet re- 
duces blood loss and makes the operative field easier to visualize, 
thereby reducing the operative time and cnliancing the chances of better 
technic. There is less requirement for repeated sponging, ligating vessels, 
and other factors which arc unfavorable to healing. The extremity is 
elevated, and a Martin bandage is wrapped from the toes upward, each 
turn just overlapping tlic edge of the previous one. A towel which is 
triple folded is placed around the tliigh, and the first three turns of the 
tourniquet arc made loosely, before it is tightened. If the first few turns 
of the Martin bandage are made extremely tight, and at one place, there 
is a likelihood of the tourniquet twisting like a cord and damaging the 
muscles. This is particularly true where the thigh is heavy or the indi- 
vidual is obese. Bending tlie knee before the tourniquet is applied may 
prevent damage to the quadriceps, because when the tourniquet is 
applied -with the knee straight, and the knee is flexed during the opera- 
tion, there is a possibility of a partial rupture. A Steinman pin inserted 
anteroposteriorly through the soft tissues above the greater trochanter, 
and the application of a tourniquet above it, make possible a higher 
bloodless field on the thigh. 

The length of time a tourniquet may safely be left in place depends 
upon the age of the patient, the circulatory status of the c.xtrcmity, and 
the skill wth which it has been applied. If these conditions are optimum, 
one hour and fifteen minutes is safe. Unusual prolongation of time may 
result in nen^e and vascular damage, one might suspect that large 

vessels have been cut, before the wound is closed the tourniquet may be 
released and the vessels ligated, thus preventing a troublesome hema- 
toma. .In most instances, however, a pressure dressing after the wound 
IS closed will control the licmorrhage. 

Prom the Department of Orthopedic Surgery, University of Illinois College of 
Medicine, Chicago. b .7. j b 

\r Professor of Orthopedic Surgery, University of Illinois College of 

IlUn Attending Orthopedic Surgeon, St. Francis Hospital, Evanston, 
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HIP JOINT EXPOSURES FOR DRAINAGE 

In cases of pyogenic arthrosis which require drainage, au anterioi 
incision may be used. This mcision extends from the anterior superior 
spine doiiTiivard for 4 or S inches Tiic sartonus is separated from the 
tensor muscle, and the capsule eiqioscd and incised. 

The hip may be drained through a lateral approach, such as is used 
for nailing intracapsular femoral neck fractures, The tendinous portion 
of the vastus lateralis is turned downward from the trochanter, the distal 
portion of tlie capsule is cut from tlie inter trochanteric line, vand the hip 
joint IS exposed 

The posterior approach, described by Ober,^ is usually more satisfac- 
tory because it takes advantage of gravity. This jnciwon is made over the 
po&tenor portion of the femoral neck, in ime with the posterior superior 
spine and the midportion of the greater trochanter Tiie fibers of the 
gluteus maximum aie divided, and the obturator intcrnus, superior and 
inferior gemclh muscles may be cut i inch from their insertion, and the 
posterior hip capsule opened. 

HIP EXPOSURES FOR RECONSTRUCTIONS, ARTHROPLASTIES AND 
FRACTURES 

The supra-nrticular subperiosteal approach described by Smith- 
Petersen^ afTouis good e\T>osuro for tho femoral head and neck, m many 
tj^pea of reconstructive operations about the hip. The same author, m 
his works on aeetabuloplasty* and arthroplasty,' showed liow the sar- 
tonus and ihaciis could be faceted and the straiglit head of the rectus 
femons cut, exposing the anterior acetabular wall Preservation of the 
stump of the rectus tendon and the anterior inferior iliac spine frequently 
requires revision of the pnmary operation, because of calcification and 
spur formation in the stump. To obviate this complication, Smith-Peter- 
seu recently suggested that the direct head of the rectus be divided at its 
origin from tlie antenor inferior spine and reflected laterally, without 
being disserted fiom its sheath. The inferior half of the anterior infeuoi 
iliac spine is then sacrificed.® 

Most intracapsular fractures of the neck of the femur can be manipu- 
lated and intemal fixation performed through a lateral approach, with 
x-ray control An incision is made on the posterolateral aspect of the 
femur (Fig. 35) from the middle erf the greater trochanter downward, the 
length depending on the particular operation The fascia lata is cut 
posterior to the tensor muscle. 1T»e vastus lateralis is then retracted 
anteriorly from the shiny attachment of tho fascia lata to the bone, 
antenor to the gluteus maxiraus insertion, forming the upper portion of 
the lateral intermuscular septum. No retraction is required posteriorly. 
Tills incision exposes the upper end of the femur for osteotomy, blmd 
liip nailing, biopsy, c.xcision of tumors, or other operative procedures in 
this region, with little blood loss and minimal damage to the large vastus 
lateralis muscle ® 
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Tliis incision permits excellent exposure m cases in which the blade 
plate is used for osteotomy or intertrochanteric fractures. The large plate 
is covered by relatively undamaged muscle, avoiding bursa formation 
and e\’en subsequent drainage, which require removal of the plate. If 
the posterior tendinous fibers of the vastus lateralis is cut from its origin 
to the posterior portion of the trochanter (Fig. 30), m cases that rcquiie 
a long exposure, such as is necessarj' in using the blade plate, retraction 
anteriorly of the vastus lateralis muscle will be facilitated. When the 
incision extends this length, it is ad\n‘!able to locate and clamp a few per- 



I'ig 'io -^Drawing showing lateral approach to the upper femur fur hip lutiling, 
blatle plate for osteotomy and trochanteric fractures, trochanterie transplatif.s, 
and other operathe procedures. The va.stus lateralis is separated from the fa'scia 
lata attachment to the bone, anterior to the gluteus ma^imus insertion, and re- 
tracted forward. 

forating vessels that pierce tlic lateral intenmiscular septum, to prevent 
them from retracting. 

HIP EXPOSURES REQUIRING VIEW OF FEMORAL NECK AND SUBTRO- 
CHANTERIC REGION 

In certain operations about the hip, such as open leduclion of fracture^, 
Obleotoniy of the femoral neck, and fixation for slipped femoi-al epiphysis, 
it is necessarj* to expo'^e not only the femoml neck and head, but the sub- 
trochanteric region laterally (Fig. 37), in oixler to introduce a pin or nail 
up into the femoral neck and head. A similar exposure is desirable in per- 
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HIP JOINT EXPOSURES FOR DRAINAGE 

In cases of pyogenic arthrosis n-iiich require drainage, an antcrios 
jneision may be used. This incision extends from the anterior superior 
spine doivEivard for 4 or 5 inches. Hie sartorius is separated from the 
tensor muscle, and the capsule exposed and incised. 

The lup maj- be drained tbrou^ a lateral approach, such as is used 
for naihng intracapsukr femoral nock fractures. The tendinous portion 
of the vasUis lateralis is turned do«*mvard from the trochanter, the distal 
portion of the capsule is cut from the intertrochanteric line, and the hip 
joint IS exposed 

Tile posterior approach, described by Olier,* h usually more satisfac* 
tor3’’ because it takes ad%’antage of gravity Thus incision is made over the 
posterior portion of tlie femoral neck, m Imc ivith the postenor superior 
spine and the raidporlion of the greater trochanter. The fibers of the 
gluteus maximum are divided, and the obturator intemus, superior and 
inferior gemclli mu-'^cles may be cut J inch from their insertion, and the 
posterior hip eap.^ule opened. 

HIP EXPOSURES FOR RECONSTRUCTIONS, ARTHROPLASTIES AND 
FRACTURES 

The supia-aiticular subperiosteal approach described by Smith- 
Peleuen*' uffouls good exposure for the femoral head and neck, in many 
types of reconstruLtive operations about the liip. The same author, m 
his works on ticeiubuloplasiy* and arthroplasty/ shoived how the wr- 
tonus and iliaeus could be reflected and the straight head of the rectus 
femoTu* cut. exposing the anterior acetabular wall. Preservation of the 
stump of tlie locnis tendon and the anterior inferior iliac spine frequently 
requires rev isioii of the pnmary operation, because of calcification and 
.«pur format mii in the stump To obx'iate this complication, Smith-Peter- 
sen recenlis ■bUggvstwi that the direct head of the rectus be divided at its 
origin from tiie antcnoi inferior spine and reflected lateraliy, witlioul 
liemg disscftctl iiom its sheath. The inferior half of the anterior iiifeiior 
iliac spine i'* then sacrificed * 

Most lutracapsiilar fractures of the neck of the femur can be manipu- 
lated and internal fixation performed through a lateral approach, with 
x-ray control An incision is made on the posterolateral aspect of the 
femur (Fig 35) from the middle of the greater trochanter downward, the 
length depending on the particular operation. The fascia lata is cut 
posterior to the ten«or muscle. The x'astus lateralis is then retracted 
anteriorly from the slimy attachment of the fascia lata to the bone, 
anterior to the gluteus maximus insertioa, forming the upper portion of 
the lateral intermuscular septum. No retraction is requir^ posteriorljx 
Tills mcision exposes the upper end of the femur for osteotomy, blind 
liip nailing, biopsy, excision of tumora, or other operatix'c procedures in 
this region, udth httlc blood los? and minimal damage to the large vastus 
lateralis muscle.® 
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forming the Brackett and WTiitman reconstnictions, where the tro- 
chanter is transplanted downward. A straight incision extends from the 
anterior superior spine to below the bulge of the trochanter. The skin is 
retracted medially, and the plane is developed between the tensor fascia 
femoris and sartorius. At the lower portion of the tensor muscle, the 
fascia is cut transversely. The straight head of the rectus is cut just below 
its origin from the anterior inferior iliac spine. The ascending and lateral 
branches of the lateral circumflex artery' arc tied as they pass beneath 
the rectus muscle. The psoas muscle is then identified and separated 
from the capsule of the hip, and retracted inward wath a Chandler re- 
tractor, in the iliac fossa. The capsule of the hip is then opened longi- 
tudinally and cut transversely about \ inch from the acetabular nm. 
The vastus lateralis muscle is then retracted anteriorly from the lateral 
intermuscular septum. If the trochanter is transplanted domiward, or 
the exposure is long on the upper shaft, the posterior tendinous fibers of 
the vastus lateralis arc cut from the trochanter. In exposing fractures of 
the femoral neck, it is usually not neccssaiy- to cut the straight head of 
the rectus, but it gives better exposure for the reconstructive pro- 
cedures. 


POSTERIOR HIP APPROACHES 

The Kocher incision*® for drainage has already been described. If the 
acetabular rim is to be repaired for fractures, or the sciatic ner\*e is 
explored, a satisfactory ^^cw can be accomplished by Osborne’s incision.** 
This incision begins 15 inch below and lateral to the posterior superior 
iliac spine, extends to the superior portion of the trochanter, and runs 
downward along the posterior portion of the trochanter for a few inches 
The fibers of the gluteus raa.ximus muscle arc separated, and the inser- 
tion of the muscle cut. The obturator intemus and gemelli muscles are 
actioned 4 inch from their insertion and retracted laterally. 

Exposure of the lesser trochanter is easily accomplished by a posterior 
approach. With the patient in a prone position, an incision is made on 
the posterior lateral aspect of the thigh, beginning 2 inches above the top 
of the greater trochanter. The plane between the vastus lateralis and 
fascia lata is established, and the gluteus maximus and quadratus femoris 
insertions are cut and reflected, and the lesser trochanter is exposed after 
the upper portion of the psoas is detached. 

APPROACHES TO THE FEMORAL SHAFT 

The t5*pe of exposure used will depend upon the tj'pe of pathologic 
mvolvement and its particular location in the femoral shaft. The antero- 
lateral incision*® is made on a line betM'een the anterior superior ‘spine 
and the anterior portion of the lateral femoral condyle. The rectus fem- 
oris is separated from the vastus lateralis, and the fibers of the vastus 
interm^ius mu=cle arc incised. This incision is particularly suitable for 
lesions involving the anteromedial portion, as it permits good visualiza- 
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tiou. It ib unsuitable for securing good dramage, and i& more likely to 
interfere with the return of knee function, because of the damage to the 
quadriceps Heurj'- uses, this incisioa for the upper and lower thirds, as 
well as the midportion. However, the descending branches of the externa) 
circumflex arterj’ and the femoral nen’e branches to the vastus lateralis 
and vastus intermedium aie encountered m the upper third, and may l>e 
damaged. In the lower third of the femur, the \astus latcialib is closely 
adheient to (he other muMdes, lormmg the quadriceps, and one must he 
candu) to a'oicl the quadriceps pouch. 

Tile posterolutera! expobure is frequently df^irable, Tlie patient is 
turned on the unmvolveil side, or best with feet strappeit to the foot of a 



Tig 3S — Esposure of the louer niedml Kspect of the ft-mur The inci.<ion h nuufe 
over the lower one-fourth of the posteromedi^ aspect of tlie femur, and the vastu" 
inedialis separated from the adductor oiagaus If a more posterior esjwsure is 
desir.ible, the adductor i« detached subperrosteally 

tilted AlbcC'Compcr table The mciaion extends from the po'lerior poi- 
tion of the trochanter to the lateral portion of the patella, and the ta'-tus 
laterali-- is separated from the lateral intermuscular septum. It is difTiailt 
to retract this muscle sufficiently for exposing the anterior and medial 
portions of tlie femur in extensive reconstructions, and lower down, per- 
forating ves'^ls pierce the lateral intermuscular septum, to reach the 
vastus lateralis muscle. However, in the upper third of the femur this 
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is not disturbed, and the muscle is not likely to be tom. This appruacli 
is especially suited to certain types of bone plating and in some cases of 
osteomyelitis, and has the advantage that the complete muscle flap 
covers the bone. It is particularly valuable in obtaining proper drainage 
If it is advisable to approach the posterior aspect of the shaft of the 
femur, the operation is best performed with the patient in a prone po- 
sition, using the approach described by Bosworth.’* A posterior midhne 
incision is made and may extend from the popliteal space to the gluteul 
fold. If the upper portion of the femur is to be exposed, the approach is 
lateral to the long head of the biceps. In the lower femoral approach, tlic 
entrance is medial to the long head of the biceps and sciatic nerve In 
exposing the entire middle three-fifths of the femur, the lower attach- 
ment of the long head of the biceps is divided and retracted medially 
ivith the sciatic neiA’c. This exposure may be objectionable from the 
standpoint of necessitating the administration of anesthesia with the 
patient in a prone position, and the danger of injuring the sciatic nep^c 
from pressure. Because of the possibility of involvement of the sciatu- 
nen’e, this approach is not advisable for drainage in cases of osteomyeli- 
tis. However, it may prove a valuable exposure in cases of scarring and 
drainage anteriorly, or for biopsy and lesection of discrete benign bone 
lesions. 

For lesions involving the medial and posterior portions of the louer 
one-third, the incision is made over the lower third, extending upward 
from the adductor tubercle (Fig. 38). The s.artorius is retracted poste- 
riorly, and the vastus medialis is separated from the adductor raagnus 
tendon and retracted laterallj'. The adductor magnus tendon may be 
freed subperiosteally if it is necessary to expose the posterior portion of 
the femur in this region. 

EXPOSURES OF THE KNEE JOINT 

For draining pyogenic arthrosis of the knee, an incision is made on eacii 
side of the patella, extending from the quadriceps pouch to just below 
he joint level, a few inches long, and the sj’novial membrane is sutuicd 
to the skin. 

A small straight incision may be all that is ncces'^ary to remove a loose 
lody or perform a biopsy on the joint. 

Frequently when the knee is explored, it is improtant to visualize the 
uitirc joint in order properly to remove a torn cartilage and inspect the 
opposite one, or to determine the source of the loose body or other patho- 
ogic condition. The median parapatellar incision is an excellent approach 
or exploration of the joint, removal of loose bodies, synovectomy, and 
repair of a fractured patella. The incision begins over the medial portion 
o e quadriceps tendon above the upper border of the jiatella, curves 
ov-nward along the medial margin of the patella and patellar tendon, 

‘ n ends just inferior to the tibial tubercle. The vastus medialis is cut 
om Us attachment to the rectus tendon high enough so that the patella 
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can be dislocated over the condyle of the femur. The knee is flexed and 
both sides of the joint can be explored. 

The posterior and medial compartment of the knee joint can be ex- 
posed by a longitudinal incision extending from just m back of the medial 
femoral epicondyle to the medial ade of the tibia. The capsule is incised 
anteriorly to the sartonus muscles and the posterior part of the knee is 
explored. 



Fig 30 — Draw ing shoiMng posterior approach to the tibia With the patient in 
the prone position, a posterolateral incision is made, and the gastrocnemius and 
soleus separated from the peroneal muscles, and retracted medially The fletor 
ballucis longus is removed subpenosteally from the posterior surface of the fibula, 
and iiith the posterior tibial muscle and the long flexor of the toes, retracted me- 
dially. These muscles are not shonm in the drawing 

An incision for exposing the posterior lateral compartment of the knee 
has been described by IlenderMin.** It is made on the lateral side of the 
knee, anterior to the head of the fibula and biceps tendon. The bicops is 
retracted posteriorly and the joint opened. 

APPROACHES TO THE TIBIA 

Usuall}’ the tibia is approached through a straight longitudinal in- 
cision over the medial surface of the tibia, or by a curved incision xrith 
its convexity posterior. The curved incision has the advantage of ha\ing 
the scar over the soft tissue, rather than the bone 'UTicn the operation 



SURGICAL APPROACHES TO BONES AND JOINTS 


(6 


can be performed on the lateral tibial surface, and it is desirable not to 
have the incision on the medial aspect, the incision can be made with its 
convexity laterally, but one should avoid having it pass transversely 
over the crest above and below. 

In certain instances in which scarring or anterior drainage is asso- 
ciated with nonunion, a posterior exposure is advisable for perfoimmg a 



Fig. 40 — ^Drawing shomng Henry’s approach to the fibula. Through a postero- 
lateral incision, the common peroneal nerve is identified in the popliteal region, 
and on the lateral aspect of the fibular neck. The peroneus longus is removed from 
the fibula above the nerve, so that it can be retracted upward. The peroneal mus- 
cles are then separated from the gastrocnemius and soleus, and removed subperi- 
ostealy from the fibula, and retracted anteriorly. 

bone graft. Such an approach has recently been described by Harmon.^® 
^^ith the patient in a prone position (Fig. 39) an incision is made in the 
posterolateral aspect of the leg in its lower three-fourths. The gastroc- 
nemius and soleus are retracted medially from the peroneal muscles. 
The flexor hallucis longus is then reflected subpcriosteally from the poste- 
rior surface of the fibula, and retracted medially. The tibialis posterior is 
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removed fiom the interossciis membrane and the posterior surface of the 
tibia and, along with the loi^ ilescor of the toes, retracted medially, 
exposing the posterior surface of the tibia. It would not be advisable to 
use this exposure for the upper one-fourth of the tibia, as one is likely to 
damage the large vessels 

APPROACHES TO THE FIBULA 

The fibula is best c-xpobcd according to the incision described by 
Henrj' * An mcision is made from the posterior margin of tiic biceps 
tendon in the popliteal region, extending to the posterior tip of the 



Fig 41 — Anterwmodial expoaure ol the snide ^oint for arthrodeRis. The flexor 
haltucia longus temion and tibial veswla and nerves are retracted laterally, and 
tifataJ iendoa mcdmlly This laemoa affords good exposure of the loner tibia for 
removing a bone graft Extension of the incision exposes the astritgaloscaphoid 
joint. 

fibula (Fig 40) The peroneus longua, above the common perone:d nerve 
is detached from the lateral surface of the head of the fibula, and then 
the nerve is retracted above the head. The peroneus longus and brevi'i aie 
retnacted nnlenorly, and the soleus posteriorly, after these muscles aie 
stripped from the bone. The lower portion of the fibula ia subcutaneous. 

APPROACHES TO THE ANKLE 

Arthrodesis of the ankle and pacuatragular arthrodesis are two of the 
common operative procedures performed about the ankle. An antero- 
medial approach (Fig 41) affords an excellent exposure for these pro- 
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cedures. By retracting the long extensoi of the big toe, the tibial vesseh 
and nerve laterally, and the anterior tibia! tendon medially, an excellent 
view of the ankle is obtained and a bone graft can easily be removed 
with a motor saw from the lower end of the tibia. The astragiilu-^ n 
easily accessible through this same \new. The incision can be extended 
over theastraguloscaphoid joint, if one contemplates doing a panastragu- 
lar arthrodesis. In order to complete the panastragular arthrodesis, an 
additional incision is made from the tip of the external malleolus to tiie 
base of the fourth metatarsal. Tlio calcaneocuboid joint is exposed by 
osteoperiosteal flaps, as advocated by Chandler.*® The soft tissue in the 
sinus tarsi is removed and the peroneal tendons arc retracted posteriorly 
The subastragular and calcaneocuboid joints arc then fused, completing 
the panastragular arthrodesis. 

SUMMARY 

An appreciation of the anatomical structures and the proper exposure 
will aid in accomplishing the optimum end result in siirger>' of the ex- 
liemitics. 

The typo of exposure used to expose the long bones and joints will 
depend upon the pathologj’ and the particular site of the bone or joint 
involvement. The presence of drainage or scar formation may necessitate 
the utilization of an exposure which avoids such areas. 

The use of a tourniquet and the proper position will aid in accomplish* 
ing the operation easily and skillfully. 

The retraction anteriorly of the entire vastus lateralis from the shiny 
attachment of the fascia lata anterior to the gluteus maximus insertion 
will simplify the surgical technic in performing fixation for femoral neck 
fractures, in the use of the blade plate for osteotomy and intertrochan- 
teric fractures, and in other procedures in this region. There is less likeli- 
hood of subsequent bursa formation and other complicating factoi-s 
which would require the removal of the fixing material. 
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BONE GRAFTS 


Claude N. Lamrert, M.D.* 

By definition, a bone graft, like other grafts, is a transplantation oi 
living bone from one location to another, with the anticipation that thi' 
transplanted bone will grow and regenerate in its new location. 

It was not always true that linng bone was used for the bone graft 
My earliest experience was seeing an intramedullary ivory peg used 
This certainly was a dead substance, and follow-up x-rays showed the 
ivorj' peg still in place man}* years afterwards, practically unchanged 
There was no regeneration or bone stimulation as a result of the trans- 
plantation. Similarly, the beef bone graft, a dead substance, seldom if 
ever became a part of this living bone structure. The boiled graft, or os 
purum as described by Orell, falls into the same category’ of dead mate- 
rial and so cannot properly fit into our definition of living bone being 
used as a transplant. Os novum, also described by Orell, is boiled bone or 
purum placed under the periosteum and allowed to become vascularized, 
and then this new bone is used as the transplant. I have never seen this 
type of bone used, although it is described In all textbooks. 

More recently bone banks have been established. In this process litnng 
bone is removed from a donor site, tlien quickly frozen, and the bone 
stored for a variable period, usually not longer than six weeks. At the 
time it is used it is removed from the freezing cliaraber and transplanted 
directlj’ to the recipient site. Is this still Ihing bone, as insisted by some, 
or is it already dead bone? The answer to this is not yet completel}* 
available, but direct transplantation of li\'ing bone, or the use of “bone 
bank” bone, has today completely replaced the use of ivoiy pegs, beef 
bone, boiled bone, and the like. I cannot pass ’U’ithout making a comment 
about cow horn, used as a graft or peg. This material, introduced by 
Fowler, was supposed to be supple enough to be shaped or molded, which 
JS true; it was also supposed to stimulate osteogenesis. We have used cow 
horn many times, and while it is a fair material for fixation, we have not 
been convinced that it has any value in stimulating osteogenesis and so 
have discarded it. 


CLASSIFICATION OF BONE GRAFTS 

Bono grafts may bo divided into tj-pes according to their origin. The 
(^iitogenous bone graft is one in which the bone is removed from the same 
individual and directly transplanted in another location. This is by far 
the most common tj’pe of bone graft today. Tlie homogenous bono graft, 
from the same species, has been used more frequently in recent years and 

Prom the Departments of Orthopedic Surgerj', St. Luke’s Hospital and Uni- 
' of Illinois College of Mcdicioc, Chicago. 

Professor of Orthopedic Surgery, University of Illinois College of 
* rdicine; Senior Attending Orthopedic Surgeon, St. Luke’s Hospital. 

77 



78 


CLAUDE N LAMBERT 


especially since the advent of "bone banks” Many times ^\hen addi- 


cient bone, homogenous grafts are used Our increasing \nolent traffic 
accidents and our recent war experience where large bone defects have 
resulted, have required more and more bone and have mcreased use of 
homogenous grafts. Bone bank bone may be autogenous, but usually it 
IS homogenous, and those who are usmg bone banks freely are findmg 
more and more uses for this bone Many times we wish we had just a 
little more bone to pack around a fracture site — >vith more quite readily 
available in the bank it is rapidly used 

The heterogenous bone grafts, from other species, as the iv'ory peg, 
beef bone, cow horn, as mentioned above, have given away to the autog- 
enous or homogenous grafts 

Another classification of bone grafts maj’ be made according to the 
type of bone itself The hard, firm, cortical bone is probably the most 
frequently used and the broad, flat surface of the tibia offers an excellent 
supply base. Grafts removed here may easily be cut to size, shape and 
thickness required since the tibia is readily accessible, being almost com- 
pletely subcutaneous. F rom the surface of the tibia may also be cut the 
thin osteoperiosteal grafts that were so frequently used a few years ago 
and are still used by many today These thm shaving-hko grafts had 
periosteum still attached to a veiy thin layer of cortical bone and this 
combination of periosteum and cortical bone was supposed to have better 
power of osteogenesis 

The fibula is frequently used as a bone graft. This is chiefly a cortical 
bone, but the cortex is not as thick or hard as that of the tibia. The ribs 
are also u'sed. Here again the material is chiefly cortical but the corte.x is 
so thin that it is almost half way betueen cortical and cancellous bone, 
particularly ^hen one considers the open eti<Is of the nb grafts as being 
a good source of endosteal bone 

Cancellous bone is a more recent tjT>e, at least, for more general use. 
The chief source of cancellous bone is the postenor third of the ilium 
Avhere large amounts of this type of bone may he removed. 

WHAT IS THE FATE OF BONE GRAFTS? 

Tf, accordmg to our original definition, a bone graft is a transplantation 
of living bone, does this transplanted bone really live and survive oi 
does it die? The work of Phemister has been outstanding in answering this 
question, and the more recent work of Abbott and his co-workers has 
added more definite information. 

From earlj' obseiwations on boiled bone, beef bone and the like it was 
thought that all grafts died. The graft was considered a foreign body 
which owing to its stability could be used for fixation of a fracture. By 
being bony in substance it w'as thought to be a source of calcium salts 



for ready deposition at a fracture site. I have never been able to rationu'- 
ize this latter idea. If the bone grafts were dead how could the caleiin i 
salts get out of the graft to the fractiii'e site? Also if calcium salts v n. 
the only answer to healing of a fracture why not inject some calcium ■ aii ' 
directly into the fracture site and not bother with a bone graft^ Furt ! 
more, what about the general circulation through those parts— won! i 
not the e.vcess calcium salts locally be picked up by the blood stream an i 
be carried olT as calcium ion? Phemister has showm that the grafts lealK 
die as soon as they are removed from the donor sites, but when place i 
into their new position, if the available blood supply is adequate, the 
bone graft will bo invaded by new blood vessels. Along with these blood 
vessels new osteoblasts arc formed and the graft itself is gradual!}' in- 
vaded and replaced by new’ and living bone, or a creeping substitution ot 
dead bone by new living bone. The process continues at least theoieti- 
cally until all the dead bone has been replaced by living bone. There aio 
many examples, however, that show that not all of the graft is thus re- 
placed by living bone and a portion of the graft may remain for years as a 
segment of dead bone. 

The more recent work of Abbott has shown this delay in revasculariza- 
tion of large cortical grafts. The under, or endosteal, surface of the corti- 
cal bone is usually replaced by living bone vcr>' early ns is also the ends 
of the graft where they are in more direct contact with thccirculation. 
The hard cortex is the last to be rcvascularized and the thicker thecox*- 
tex or the larger it is, the longer time will it take for this process. In con- 
trast, the value of the cancellous bone as a source of grafting material is 
apparent. The small pieces or even fairly largo pieces of cancellous bone 
are chiefly endosteal in character and thus easily revasculanzed and 
osteogenesis is very rapid. Experimentally Abbott has shown that even 
after one to two days blood vessels and osteoblasts have invaded the 
cancellous bone so that the bone graft really does not die but imme- 
diately grow’S as living bone. Steindler has stated that the ideal graft 
must have both endosteal bone and periosteum. Abbott showed in his 
recent w’ork that, at least experimentally, it did not seem to matter much 
whether periosteum was present or not; thus the value of tlie osteo- 
periosteal graft as a bone production graft ^ems to have been somewhat 
0 veremphasi zed . 


FUNCTION OF BONE GRAFTS 

In general bone grafts have tw'o functions. The first is fixation either at 
a fracture site or across a joint line. The second function is the stimula- 
tion of osteogenesis. As discussed before, the best tj'pe of bone graft for 
osteogenesis is the cancellous bone, while for fixation the cortical is prob- 
ably better. Thus the tjqie of graft to be used will depend to a great extent 
on W’hich function is the more important. More recently a combination of 
cortical and cancellous grafts have been used, the cortical bone for fixa- 
tion and then packing around the fracture site with cancellous bone 
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chips. Specifically grafts are used in the repair of ununitod fractures; to 
repair traumatic bone injuries and defects; to supply congenitally absent 
bone, as in the tibia or radius, to replace bone destroyed by infection, as 
in osteomyelitis; to replace bone removed for a cyst or tumor, to im- 
mobilize and stimulate osteogenesis as in a tuberculous joint; and to 
stabilize a relaxed and flail joint, as in poliomyelitis, l^^th all of these 
possible functions, it is readily seen that no one type of graft has universal 
application but rather that the graft should conform, as much as pos- 
sible, with the type of bone being grafted. In other words, shaft fractures 
do better with cortical bone while fractures near the end of the bone 
where there is proportionately more cancellous bone will do better with 
cancellous bone. However, if cancellous bone is used m the shaft area, 
the response of this bone is verj* great, and it seems to have the power to 
regenerate, not only to form more cancellous bone, but also to differen- 
tiate into forming good cortical bone, witli a relatively normal meduUarj’ 
canal, as u ell as subcortical bone. 

Formerly it was believed that the marrow, as from the tibia, had good 
ostcogenetic properties and so, when a tibial cortical graft was removed, 
much of the marrow substance was removed as well and packed around 
the grafted area More recent investigations have shown that this marrow 
' substance has verj' little ostcogenetic properties and should not be re- 
moved with the cortical graft. It will do more good remaining in the 
donor site, assuming its normal marrow function. 

GRAFT TECHNICS 

In the technical application of grafts no details will be attempted in 
this brief article. There arc so many technics each is ith its special indica- 
tions that only the types vn\l be described Perhaps the earliest typo of 
bone graft was the intramcdidlary graft used in the treatment of nonunion 
of fractures. In this procedure the bone ends are exposed, all callus or 
fibrous mter\'ening substance is removed, the bone ends freshened by 
cutting away all sclerotic bone and then the medullarj’ cavity curetted 
out of both fragments. The bone graft, and almost always cortical grafts 
are used, is cut and shaped as a peg and the bone peg inserted into the 
medullary cavity vith the freshened bone ends brought carefully to- 
gether. This type of graft frequently succeeds but, by virtue of the re- 
sected bone ends, it usually results in shortening of the bone being re- 
paired. Mechamcally it is tmsound, because all of the stress and strain 
factors of motion are centered at the fracture line and the intramedullary 

V.w.n1.r. Xr .o ■it'rt.-l ^^^Uld hc 

. have 

• days 

or weeks the graft has been displaced completely away from the fracture 
site so it has lost its original fimction of immobilization. To obviate this 
some have advocated transfixion of the graft by two or more screii s 
To take the strain off the graft at the fracture site it would seem a more 
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logical procedure to add to the fracture site a long enough metallic bone 
plate; the screws that fix the plate would also transfux the graft. Tiiere 
may be some indications for an intramedullary graft but the disadvant- 
ages of the graft — shortening, poor mechanics, possibilit}' of slipping!,, 
and the like — more than outweigh any advantages. 

The cortical inlay graft is quite popular. Watson-Jones and others sj' 
this is the most common type of graft. I do not wish to differ too mucli 
with such eminent authors, but from ray own o.xpericnce, watching othci s 
and reading the more recent literature it does not seem that this typ* is 
as common as it formerly was. The technic of a good inlay graft 
exacting; since many of us are not willing to be so meticulous or can- 
not be, this type of graft may not be used so often. The inlaj- giatt 
may be a free transplant from another bone or a sliding inlay graft 
from the same bone. The cutting of the graft must be carefulh' done so 
that it will fit exactly into its new location. A properly fitting inlav giaft 
needs no extraneous pins or screws for fi.xation. These, however, are fre- 
quently used, and must be added for stability if the fit is not perfect, 
probably because the surgeon has not cut the graft exact. 

The usual technic is similar to that used for intramedullary grafts m 
that the intcr\'ening callous and fibrous tissue is all cut away, the bone 
ends freshened and made to fit exactly before the graft and its bed arc 
cut. Thus the disadvantage of shortening the bone is still pre^sont In 
many cases where this tjqDC of graft is used on the tibia the shortening is 
so great that the fibula must be resected or ostootomizccl for a sufficient 
amount to allow the tibial ends to meet. This graft is mechanically better 
than the intramedullary' graft but there is still considerable stress and 
strain at the fracture site. To decrease this stress and to have actually a 
larger surface area of bone at the fracture site, Gallic has used his dia- 
mond graft which is a technical modification of the inlay graft. 

The cortical onlay graft seems to me to be the most popular at present. 
Using this type of graft in the case of a nonunion of a fracture, tlie frac- 
ture site is adequately e.xposed and the periosteum stripped back only a 
sufficient amount to allow the graft to be fitted properly. Formerly the 
inten,’ening callus, fibrous tissue and sclerotic bone ends were resected as 
''hen using an intramedullary or inlay graft. More recently it has been 
advocated to leaveihe callus, fibrous tissue, etc. in place. These tissues at 
least help to stabilize the fracture and if and when union takes place be- 
tween the bone and the graft on both sides of the fracture line, the inter- 
vening material is frequently transformed into good bone. Thus, further 
shortening has not occurred. The graft is applied to one surface of the 
rimtured bone, the cortex of which has been denuded slightly, at least 
sufficient to have a flat surface to receive the graft. The endosteal surface 
?t 1 applied to the denuded surface of the recipient bone. 

sually this type of graft is transfixed by two or more screws, and thus 

emg kept in close contact with the underlj'ing bone it acts as a mechani- 
ca luxation. As in the other types of grafts, however, the meclianics arc 
poor and considerable stress and strain takes place at the fracture site 
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^^he^e grafts are frequently broken. To obviate this mechanical dis- 
advantage many advocate the addition of a metallic bone plate placed at 
90 degrees around the shaft of the bone. Thus transfixion in two planes 
is obtained and stress and strain are minimized. 

Verj' recently Phemister has advocated the use of the cortical onlay 
graft without any transfixion except tliat supplied by closing the peri- 
osteum and muscles over the graft area The technic in brief is as out- 
lined above for cortical onlay grafts. He stresses the non-removal of the 
intervening callus and fibrous tissue A bed is carefully prepared to 
receive the graft by leveling off the cortex and stripping the perio'iteum 
only in a minimal amount Tlio onlay graft is placed endosteal surface 
against the denuded bone cortex and then the periosteum and muscles 
carefully closed over the operative site Without anchoring the graft 
securely to the underlying bone, the mild stresses and strains are not im- 
jiartcd to the graft and less possibility of the graft bieakmg. The results 
look excellent. Immobilization is accomplished by a plaster of Pari's 
encasement, which has to be of adequate length 

In all of the above mtramedullarj', inlay or onlay grafts, many are now 
adding some additional cancellous bone at the fracture site The rationale 
13 that the cortical bone is pnmanly an mtemal fixation de\nce with some 
fi osteogenic properties while the cancellous bone being mostly endosteal 
m oharacter u ill cau«e more bone proliferation There are many modifica- 
tions or combinations of the aliove t>'pes of bone grafts. Gallie’s diamond 
m!ay has been mentioned. Hoglund's mtramcdullarj', the sliding inlay 
graft, the notched mlay, Boyd’s double onlay, a combination inlay and 
onlay, inlay at one end and onby at the other, are only a few The vari- 
ous textbooks and recent journals describe these in detail In the recent 
war, where large bone defects were common, many ingenious grafts were 
u«cd with excellent results; one could wy that the exact type or technic 
depends mamly on the problem at liand and the surgical technic of the 
operating surgeon 

General Principles. — There arc a few general principles that must bo 
mentioneil. First, and perhaps foremost, i'=! a scrupulous ascpfic fechme. 
Many stii! advocate a strict I>anc technic for bone surgerj’. This is excel- 
lent, especially if earned out in detail by all members of the operating 


prove our general aseptic technic. One of the best ways to have a bone 
graft fail is to have a postoperative infection. 

A second consideration is gentleness tw handling of tissues. Although 
bone is a hard, firm substance, it dioiild be handled carefullj’. The mus- 
cles should be divided cleanly, and complete hemostasis obtame<l. The 
periosteum is especially important. Indiscriminate stripping of the peri- 
osteum is dangerous As mentioned above, only strip the periosteum as 
far as is necessarj’ to apply the graft and afterwards clo«e as much of the 
periosteal tube as is possible. If transfixion screws are used, they should 
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l)cput iu acx’uiatoly atitl feliould belongeuougii to penctiato both t<>; f ii 
of the recipient bone as well as (he graft itself. Also, wlien u^^inu >.j . 
screw remember tliat (lie hole in the graft and proximal cortex ■> 

larger than tlic one in the distal cortex so that the graft will be hi i;, ' 
mate contact with the imderl3’ing bone. In using motor saw and di i 
the bone must not be burned — a slow moving /saw or drill u itJi plr-n i 
normal salt solution applied to the saw blade or drill will minimn,' 
factor. 

Before a bone graft operation is performed theie slmuld be /.v-o / 
covering ov'or the fractmo site. B3' good sicm is meant lie.tlrhs-, 1. 1 1 
scarred skin. A frequent prcliminaiy* step in the bone giattiim - 
cedure is the application of a skin graft to the operative eifh*- 
split-thickness skin graft, a full-thickness or even a pedicle flap I'l 
Man3' times wo have seen that a nonunion of a fracture has healed .jI n-i 
an adequate skin graft, showing that the improved circulation prov idi-il 
b3’ a good skin cov’ering has also been sufficient to allow ineiea.''etl v.i-i i- 
larit3' at the fracture site and subsequent healing of the fracture rJiti' 
again good skin covering of the fracture site cannot bo stressed too mu< h 
Immohilization of the grafted area is eqiialb’ important. Man.v ntia 
advocate balanced traction rather tlian plaster of pans immobilization 
if a plate has been applied in addition to a cortical graft (or combination 
of cortical and cancellous graft). Tlie fact that some motion can take 
place in the joints above and below the fracture site aids m general circu- 
lation and hence local circulation at the fracture site and indircctl3’ to 
better healing of the fracture. Also with some joint motion allowed tlicre 
is less residual stiffness in the adjacent joints. 

Man3' others, howev’cr, insist on definite plaster immobilization after 
a bone graft and such immobilization must continue until the graft is 
well healed and is solid. IVatson-Jones is quite specific about this and, a'; 
mentioned above, Pheraister has insisted on definite immobilization fol- 
lovving application of his onla3' graft. If such plaster of pari.s immobiliza- 
tion is to be used it must be applied correct^'. A poorb' applied or inado- 
quatel)' applied plaster of paris encasement is woi se than no enca.scment 
Instead of lelievdng stress and strain it makes more strain and ma)' it- 
be a causativ’e factor in fracture or failure of the grafts. 

For fractures of the tibia the minimal plaster of pans encasement 
should extend from the toes to the groin with the ankle in a neutral posi- 
lon and the knee at appioximatcb’' 90 degrees of flexion. Then, and onh’ 
^^len, can the torsional strains be eliminated. For fractures of the femur, 

’ - - - better yet a double hip spica 

at least to the knee. Fractures of tlio 

.Ml ,uu muiouit to Hold even in a hip spica and must bo checked and 
re^ecked for position. 

' ractures of the forearm and especiall3’ a fracture of both bones slioiild 
lave an encasement from the distal palmar crease to the axilla with the 
^ lOH ,at right angles. Frequentl3' it is necessar3' to extend the plaster 
up over the shoulder to obtain sufficient immobilization. For fractures of 
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the humcms a shoulder spica is the minimum if plaster is used. Proper 
immobilization cannot be overemphasiied. Many fractures that go on 
to a nonunion and consequently need a bone graft would have healed, 
had the immobilization been adequate or had been continued sufficiently 
long. Equally important then is the immobilization following a bone 
graft Immobilization must be more ttian adequate and is continued until 
healing is complete 

INDICATIONS AND CONTRAINDICATIONS FOR BONE GRAFTS 
The indications for bone grafts are numerous In children they are 
seldom indicated for nonunion of fractures inasmuch as most children 
do not develop nonunion. Children do show the congenital nonunions 
particularly in tlic tibia. Also the congenital absence of a bone, sucli as 


described later. In adults the indications are primarily for nonunion of 
fractures, replacement of large defects, (usually traumatic in origin aiul 
frequently infected) and fusion of joints. 

Time itself is not a contraindication to the use of a bone graft The fact 
that a nonunion has existed for several years is not sufficient reason that 
a bone graft should not be attempted On the other hand, many times 
bone grafts are used m the treatment of fractures and are not leally indi- 
cated Better immobilization and sufficient time interval should be tried 
first— because a fracture of the humerus or tibia has not healed in t.velve 
weeks is no indication (or a bone graft, and yet we have seen bone grafts 
applied in such cases. The average healing time of a fracture at a certain 
location must be kept in mind and until tlmt average time has expired we 
cannot conscicntiou.sly say there is a nonunion and hence the necessity 
for a bone graft. 

Tlie main contraindication to the use of a bone graft is infection. 
Formerly it was advocated to wait one to two years following an infec- 
tion before attempting a bone graft, hoping the infection had become 
quic'-cent Even tlien the trauma of the bone grafting procedure was 
sufficient to reactivate or flare-up the latent infection, a definite local 
infection developed and tiie bone graft sloughed out Since the advent of 
sulfa drugs and peniciUm the time interval has decreased, so that nowa- 
days, waiting from six weeks to six months is considered adequate. In 
such cases adequate chemotherapy should be instituted before, during, 
and after the suigical procedure. Many advocate the giving of penicillin 
during and after a clean surgical procedure in the anticipation of pre- 
venting any accidental introduction of infection This is probably a 
very good policy but it tends to make us a little less critical of our ope- 
rating room technic and if used for tlmt alone should be discouraged For 
the safety of the patient it is cxcdlent 

Many of the recent war wounds exhibited massive loss of bone sub- 
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stance, as well as loss of surrounding soft tissues. Primarily the mfe<“ri 
was attacked first by adequate debridement and covering the infci Tr , 
areas ^rith split-thickness skin grafts, preventing further infection uiu 
changing the wound from an open one to a closed one ^Mien nil sign- >i 
infection had quieted dowm the defects in the bone were filled in u’-li 
bone grafts, penicillin being used freely. Perhaps nowhere before luici- 
such problems been present and only the ingenuity of the operating 'Mi 
geon was the limitation as to the 137)0 of graft used All types were u-ed 
in almost all combinations and one has only to penise the recent htei.i- 
turc to read in detail tlie various technics. Our basic principles wore ad- 
hered to, namelj’ control of infection, adequate skm covering, a bone 
graft of sufficient size and consistency’ together wnth proper immobiliza- 
tion. More recently at some of the veterans’ hospitals a further step is 
being taken in filling in of bone defects in infected wounds. The wounds 
are cleaned out, the defect filled with cancellous bone chips and a split- 
thickness graft applied all in one operative procedure. So far the result.s 
have been worth the experiment but probably more should be done be- 
fore this is accepted as a universal procedure. 

SPECIAL TYPES OF BONE GRAFTS 

Arthrodeses. — To this point most of the references have been made to 
the uses of bone grafts for ununited fractures and associated conditions 
It must not bo forgotten that all arthrodcsing procedures are themselves 
bone grafts, the fusion of one bone to an adjacent one hy eliminating the 
intervening cartilage, and with the healing of the bones the complete 
elimination of motion at the parlicukar joint occurs. 

Arthrodeses are done primarily for two reasons, first for the elimination 
of infection, as in a tuberculous joint, and second for stability as in a 
poliomyelitis. 

In the tuberculous joints with definite evidence of infection and de- 
struction the remaining cartilage is removed and the adjacent underlying 
■ ’ . • ; ' tlie knee the patella as a free can- 

■ ■ ■ • . ilize as well as to bridge across the 

■ ■ ■ ■ • may’ be removed from the ilium 

and packed around the fusion area. This whole area being mostly can- 
cellous bone the addition of cancellous bone grafts is indicated, and 
fusion will probably’ take place sooner. At the hip joint the combined 
intra- and extra-articular arthrodesis seems best. In this procedure the 
remaining joint cartilage is removed so that the cancellous bone imder 
the cartilage may’ be approximated and then, if the Chandler technic is 
Used, the e.xtra-articul.ar portion of the fusion is also mainly’ cancellous 
bone. Additional cancellous bone may’ be removed from the ilium. 

Spinal Fusion. — Spinal fusions are almost a special type of bone graft 
and yet the principles involved are the s.ame. Originally the spinal fusion 
graft was done in the treatment of tuberculosis of the spine, to obtain 
immobilization of a segment of the spine, w’hile not attacking the diseased 
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aiea directly ub m the case of tuberculosis of the knee or liip. Tlie ^Vlbce 
graft, taking a piece of cortical bone from the tibia and inserting it into 
the split spinous processes, depends upon cortical bone, at least on one 
side of the graft, groi\’ing to the cancellous bone of the spinous procesbes. 
In the Hihbs technic the spinous proces'ses and laminae are denuded and 
then chips turned up and down, these chips being chiefly cancelloub bone. 
In addition, the facets are curetted out and packed with cancellous bone. 
Thus, the Hibbs graft is a cancellous graft, llanj' A'anations of this graft 
have been described, the chief one being the addition of extra cancellous 
bone removed from ilium, and either held m place by the penosteum and 
muscles alone or bj' wires as in the Chandler technic, or locked into place 
as m the “H” graft as described by Bosworth With the decrea«e in spinal 
tuberculosis most spinal fusions now are for immobilization onlj', to 
decrease the pam of an arthritis, to add stability to a mechanically poor 
back or a spondylolisthesis, or as a part of the operative procedure for 
removal of a herniated mter\-ertebral disk. 

Other joint fusions, hke the triple arthrodesis of the ankle, result in a 
fusion between cancellous bones, and here one may e.vpect a fusion in 
about three months This short time inten’al is due chiefly to the rapidity 
of regeneration of the cancellous bone elements In joint fusions, of the 
shoulder or elbow, which are also chiefly cancellous bone structures, if 
additional bone is needed it would be best again to use cancellous bone. 

SUMMARY 

In summarj', there arc many mdications for bone grafts. The cortical 
bone grafts give better stability, when applied to a shaft fracture, or for a 
bone defect, hut the ultimate revascularization and hence regeneration is 
slow and not always complete Cancellous bone grafts are readilj' re- 
vascularized and show much greater power of osteogenesis. There is no 
one graft to be used in all ca«ea, and the ultimate chioice of grafting mate- 
rial and its apphcation is veiy much up to the ingenuity of the operating 
suigeon The basic principles of a scrupulous aseptic technic, not operat- 
ing in the presence of infection, a good skin covering, and thorough and 
efficient immobilization must always be remembered 
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11. Kelikiax, M.D., F.AC.S.* 

Pf.rfectioxists need not bother treating patients with chronic arth- 
ritic. The outcome of any effort directed towards the management of tlii> 
dicease is far short of the ideal. Improv’cments arc relative The best one 
can hope is some gain in useful movements, a measure of stability, or 
perhaps surcease from pain. But what may seem an insignificant benefit 
to a well person is often a major boon to one afflicted with a crippling 
disease. However gnarled and knotted, the patient must not be denied 
his chances to better his lot. Surgically a great deal can bo done towards 
ameliorating the plight of an arthritic and we have several useful proce- 
dures at our disposal A\hich can be directed to this end. 

DIFFERENTIATION OF THE TYPES 

A joint is a connective tissue organ. It connects and supports parts 
and permits movement passively. It does not move, but merely allows 
motion. Muscles make it move. The joint and the structures related to 
it are derived mainly from the mesoderm As the primitive connective 
tissue develops into highly specialized gliding and supporting structure.s, 
articular cartilage and subchondral bone, it remains relatively undiffer- 
entiated, hence reactive and reproductive, bcneatli the sjmovial surface 
and within the cancellous spaces. Inflammation affects the young connec- 
tive tissues of the joint as are found in the outer vascular stiatum of the 
sjTiovial membrane and in bone marrow. Wear and tear, or degenera- 
tion, involves the specialized, senescent elements as articular cartilage 
and subchrondral bone. The injlammalory tj^pe of chronic, nonluber- 
culous arthritis lias been qualified variously as rheumatoid, atrophic, 
proliferative, infectious, sjmovial and ankylosing. In the young, it is 
called Still’s disease and a particular variety which affects mainly the 
axial skeleton has been dubbed spondylitb rhizomelica or Maric-Strtim- 
pell type. Adjectives linked with the degemrative of chronic arth- 
ritis are: ostco- or chondro-osscous, hj*pertrophic, traumatic, senile, 
spur-forming and its special variant affecting the vertebral column is 
given the name Vou-Bechterew tj’pe of spondylitis. The term arthritis 
deformans is loosely applied to .both types. 

Tliere are several differences between the two main subgroups of 
chronic nontuberculous arthritis: 

1. Inflammatorj' or rheumatoid arthritis is a generalized systemic 
disease; it affects not only joints, but some other tissues arising from 
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mesoderm : it may be accompanied by myocardial disease and subcu- 
taneous nodules Degenerative or osteo-arthritis is confined to joints 
only, usually a single one. 

2. Rheumatoid arthritis starts commonly before the age of 40, it 
affects mostly pale, asthenic women though its special variant, spon- 
dylitis rhizomelica, is seen more often in men, it occurs mainly in light 
skinned people^ — people of Northern European extraction Osteo-arth- 
ritis IS a disease of the old, except following acute trauma it starts after 
40 and affects the hardy and robust and may occur in any race 

3 Rheumatoid arthritis may be associated with foci of infection and 
manifests a predisposition to allergy, but is not necessarily caused by 
them Osteo-arthritis is related to trauma, to obesity and mechanical 
misalignments (which are the causes of chronic trauma), to old age 
(which IS protracted trauma), to arteriosclerosis, and to avascular ne- 
crosis of the articular ends of bones with death and collapse of the sup- 
portive osseous framework and corrugation of the articular cartilage 

4, During its florid phases, rheumatoid arthritis may be accompanied 
by fever, leukocytosis and increased sedimentation rate, and there is a 
great deal of pam and stiffness Symptoms of pain and stiffness are mild 
or moderate m osteo-arthritis and exacerbations are due to added trauma 
or increments of weather. 

5 Rheumatoid arthritis involves many jomts, it tends to predilect 
joints rich m blood supply and m primitive connective tissues, that is, 
joints Avith extensive synovial membrane and bulbous articular ends as 
for example the metacarpophalangeal and proximal interphalangeal 
articulations Osteo-arthntis affects fewer joints, usually one, it favors 
the traumatized and weight-bearing articulations as the hip and joints 
farthest from central circulation as the distal interphalangeal articu- 
lations. 

G X-ray films of the involved joint in rheumatoid arthritis maj- show 
almost uniform narrowing of the cartilage space, subluxations and some- 
times complete effacement of joint with osseous trabeculae running from 
one bone to another, the articulating bones appear radiolucent, porotic. 
“atrophic.” In osteo-arthntis, roentgenc^rams reveal narrowing of 
cartilage space at points of pressure and contact and condensation of 
bony substructure, there may be evidences of marginal spurs, osteo- 
cartilaginous loose bodies, widening and mushrooming of the articular 
ends and cysthke areas m them, but there is usually no sign of sublu.xa- 
tion or ankylosis, the articular ends of bones appear dense, “hyper- 
trophic.” 

7. The primary pathology in rheumatoid arthritis is inflammation of 
the primitive conned ive tissue elements of the joint as are found m the 
outer vascular stratum of the synovial membrane and m the subchondral 
marrow spaces with secondary erosion and displacement of the special- 
ized elements as articular cartilage and CKseous trabeculae. Inflamma- 
tion proceeds through various phases of hyperemia, edema, cellular in- 
filtration and tissue proliferation. Granulations sprouting from the sub- 
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synovial and subchondral spaces invade and erode the bony tiabeculae 
and the articular cartilages; they unite as fibrous strands which may 
become converted into bone. In osteo-arlhritis, the basic change is one 
of wear and tear, or degeneration of tlie specialized gliding and suppoit- 
ing elements of the joint. At points of trauma or weight-bearing the 
articular cartilage thins; it fissures and fibrillates Since this central 
portion of the cartilage is avascular, it cannot repair or reproduce itself 
The subchrondral bone and the marginal cartilage which receive blood 
supply react by thickening and piling up of new bone or osteophytes, 
the opposed joint surfaces file each other, eburnatc, tlie}’ may interlock, 
but they do not ankylose. 

There are instances of the so-called “mixed” arthiitis. A joint may 
have been the scat of rheumatoid arthritis, but as a result of destruction 
of the articular surfaces, subluxation or other mechanical incongruities 
it becomes subject to self-inflicted trauma and merges into osteo-arth- 
ritis. Conversely, in old osteo-artliritis, the synovial membiane may be- 
come irritated by osteophytes and osteocartilaginous loo^e bodies and 
set up an' inflammatory reaction. 

Tliere are two chronic joint disturbances which cannot be pigeonholed 
into eitlier group. One of these is the so-called pigmented vUlonodular 
synovitis, and the other, synovial chondromatosis and osteochondromatosis. 
Tlie former starts as proliferation within the outer or vascular stratum 
of the synovial membrane : areas of condensed and thickened connective 
tissue indent the surface layer of the synovial membrane and pioducc 
villi; the expanded synovial secreting surface pours out more fluid into 
the joint. The fluid is not readily absorbed: it distends the joint cavity, 
enlarges it. But in contrast to rheumatoid arthritis, giaiiulations tlo not 
break through the surface layer of the synovial membrane and invade 
the articular surfaces and erode them. The villi may biuiso one another, 
necrotize and cause intermittent bleeding into the joint cavity: they 
may even become matted together in a mesh work of friable fibrin ; but 
there is no extensive surface-to-surface adhesion and scairing as in iheu- 
matoid arthritis and the joint movement is not greatly impeded. Clinical 
differentiation between pigmented villonodular synovitis and villous 
phase of rheumatoid arthritis can easily be made by aspiration of the 
joint fluid and arthrograms In pigmented villonodular synovitis, the 
joint fluid is pink or browm; it is serosanguineous; arthrograms after 
introduction of air will show' smooth, unbroken, articular contour, a 
flocculent “bubbly” effect. The joint fluid in villous phase of rlieumatoid 
arthritis is yellow and arthrograms may reveal shadows indicative of 
intra-articular adhesions or a rugged contour of the synovial pouch. 

Synovial chondromatosis or osteochondromatosis is a matter of meta- 
plasia of the primitive connective tissue elements within the synovial 
membrane. The latter arises from the same anlage as bone and cartilage 
and is capable of reproducing either one of them. In synovia! chondro- 
matosis or osteochondromatosis, cartilaginous or bony plaques arc laid 
w'ithin the synovial membrane; they invaginate into the joint, hang li 
A 
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Fig 42 — )Ia/iipulaUon, traehvn and tzerews affoinsl leTisto/i Manipulatioo, if 
gentle, is often beaehciai and may help in mobilmog quiescent, stiff joints It is 
especially useful for frozen shoulders nfaea supplemented with hanging cast, or 
better still, skeletal iraetion Immediately after maQipulatioo of the shoulder, 
5 to J5 pounds of weight u connected to the hook screw in the protimal ulna, as 
pain subsides the patient is encouraged to abduct and adduct his arm, flet it 
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bunches of grapes, break loose. As detached foreign bodies they in time 
traumatize the articular surfaces and cause them to break down, pro- 
ducing secondary' degenerative changes. 

SURGICAL AND RELATED MEASURES 

Casts, Splints and Corrective Appliances. — Painful joints, whetlier 
due to rheumatoid or osteo-arthritis, are better put to rest by enclosing 
them in casts or splints and elevating the limb. In inflammatory or 
rheumatoid arthritis, it is especially important that the joints are splinted 
in the position of optimum function should ankylosis intervene. It is at 
times possible to obviate ankylosis by making the cast removable so as 
to permit periods of guarded exercises. A\Tiere there are flexion contrac- 
tures, one may encase the limb in a plaster cast and correct the deformity 
by successive wedging or a tumbuckle device incorporated in the cast. 

Traction, Exercises, Manipuiation . — For flexion contractures, trac- 
tion, preferably skeletal, is perhaps better than the wedge cast or turn- 
bucklc splint since it permits muscle-setting and active exercises. Heavy 
traction is dangerous and one must be on guard against nerv’C stretching 
and paralysis. Occasionally traction and exercises against tension are 
supplemented by gentle passive manipulation of the joint, under anes- 
thesia. The joints which are most often refractorj* to manipulation are 
the elbow and those of the finger. The shoulder responds best to repeated 
manipulation, aided by skeletal traction through the proximal ulna. In 
atrophic bones, especially around the knees, one always runs the risk of 
causing a manipulative fracture (Fig. 42). 

“Debridement.** — Early in the last centurj', Napoleon’s surgeon, 
Baron Larrey, conceived the idea that pain and spasm in infected war 
wounds were caused by the bands that bridged their interior. Tlie French 
verb dibriscr denotes detaching. The English word hrulc indicates that 
which is tied. To d^bride means to untie. Larrey introduced the term 
debridement into surgical literature signifying the act of releasing tight 
bands deep in wounds and not removing the debris. Used in its correct 
sense, debridement has a place in the treatment of chronic arthritis. 
Where intraarticular adhesions arc tough and unyielding, a scalpel may 
be slipped into the joint and swept up and down severing all the tight 
bands that offer resistance. The operation is especially applicable in the 
knee where most of the adhesions are in the suprapatellar pouch. The 
knife is introduced under the kneecap and carried up in a plane parallel 
to the anterior surface of the femur or the posterior articular aspect of 

the proximal ulna and collar and cuff aling to enable the patient to lean forward 
and exercise his shoulder against gravity and n-eight. In bed, the hook screw is 


out to be beneficial since it corrected the flexion contracture of the knee. The opp 
site knee broke at the same level. 
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the patella Active exercises and quadriceps setting are begun soon 
afterwards. 

Joint Aspiration and Lavage, Puncture of the Synovial Pouch and 
Drilling of the Articular Ends of Bones. — In old cases of rheumatoid 
arthritis when inflammation has burnt itself out and left a thick, fibrotie 
capsule the inner surface of the synovial membrane will keep on secreting 
fluid and fail to resorh As a result, the synovial fluid accumulates within 
the joint and distends the articular capsule Repeated aspirations fol- 
lowed by immobilization of the hmb may help When the aspirated fluid 
IS thick and flocculent, two large needles are inserted into separate 
pouches of the joint cavity and fibrin and exudate are washed away with 
saline solution, under gravity. In recurrent effusions, one may advan- 
tageously rupture the synovial pouch into the surrounding muscles In 
the knee for instance, a forceps is passed into the suprapatellar pouch 
ami poked upu’ards under the qua(jrJceps group of muscles in an effort 
to sidetrack the excessive synovial fluid Based upon the assumption 
that granulations. ’ ’ . • ^ .1 , 

be the cause of in1 3 

has been ad\ iscd • . . f 

arthritic patients often obtain symptomatic relief following fiactures of 
the articular ends of bones. 

} Arthrotomy for Removal of Osteocartilaginous Loose Bodies, for 
Erasion of Incongruities and Chylectomy. — Loose bodies in the joints 
may originate from the synovia! membrane or from the articular ends 
of bones. IVhen arising from the bones they arc due to trauma or inter- 
ruption of blood supply. In bxseball pitchers and tennis playeis, in the 
couiee of forceful hyperextcnsion of the elbow, a sizable piece of bone 
will often bieak off the tip of the olecranon process of the ulna. Tlie de- 
tached fragment may interlock the joint or erode the articular surfaces 
Its timely removal will improve motion and obviate frictional erosion 
of the articular surfaces Olten in degenerative or osteo-arthritis a large 
overgrown spur will impinge upon the opposed articular surfaces and 
impede joint movement It too may beneficially be excised (Fig 43). 
However, in larger weight-bearing joints, as the hip, knee or ankle, exci- 
sion of osteophytes and smoothing out of the rough, incongruous sur- 
faces acccmpksJics It ;s not adwsed Sor people irho hai'o to eke 

out their living by standing on their feet. 

Desensitization of the Joint. — Since Charcot’s joints arc often painless 
and at times serviceable in spite of the extensive disintegration of the 
articular surfaces, neurectomy of sensory filaments to the joint has been 
advised, especially m malum coxae senilis One recalls the principle John 
Hilton Simulated almost a century ago: “The same trunks of nerves 
whose branches supply the groups of muscles moving a joint furnish 
also a distribution of ner\'es to the dan over the insertions of the same 
muscles: and . . the interior of the joint receives its neiwes from the 
same souice.’’ Hilton further pointed out that the hip joint not only 
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receives sensory filaments from the femoral and obturator trunks, but 
also from the nerves of the sacral plexus, the superior and inferior gluteal 
and the sciatic. To isolate each of these sensory branches necessitates 
different incisions, several sittings and extensive exploration, especiallv 
when the articular branch of the sciatic nerv’e is sought for and severed. 
Is it not much simpler to cut the sensory nci^-es where they enter the 
joint? And are not these ner\'es severed in perfoiming a mold arthio- 
plasty of the hip or synovectomy elsewhere? A decade or two ago sym- 
pathectomy enjoyed a transient vogue in the treatment of rheumatoid 



Fig. 43 — Arlhrolomy The joint cavity Is opened for a varietj’ of reasons For 
biopsy, for synovectomy, for arthrodesis, and for other intra-articular operations 
The term arthrotomy is used here to denote the operation of extracting osteo- 
cartilaginous bodies, cither floating loosely in the joint cavity or hanging into it 
by stalk. 

.*4, Arthrotomy of the knee showing a mural, extrasynovial osteocartilaginous 
body hanging into the outer coropartment of the knee. This was removed and the 
eroded articular surface of the patella was shaved (erasion). D, Photograph of the 
specimen. 


arthritis. It jdelded no benefits beyond that accrued from postoperative 
sedation and rest. 

Synovectomy. — In both villonodular synovitis and sjmovial chondro- 
matosis or osteochondromatosis, synovectomy is regarded a standard 
surgical procedure. In inflammatory or rheumatoid t3'pe of chronic artli- 
ntis it is at times indicated. Rheumatoid arthritis will often resolve into 
villous sj’novitis with an extensive secreting sjmovial surface and per- 
sistent hydrops articularis. Tliis so-called villous phare of rheumatoid 
arthritis is at times amenable to B3’novectom3’. But before undertaking 
the surgery- one must make certain that inflammation has complete^’ 



Fig -J-l. 

Figa 4 -$ to -ir — iSitnorer/owjr In rlj'^unnloid anbntis where )nfl.amm.At>on has 
abated, leaving an e^ctensive saner secreting synovijl sorfaee (hjilropa articularis 
and chronic viUous syno »Uis) and a acarred outer hyet with diminished absorptive 
pouer, synovectomy becomes at times expedient Prcopcratively, attempts should 
be made tonarda determining the cvtctil of the mflamniator.v activity within the 
Tjiarticular joint When the joint is in » chronic state of hydrops, one must suppose 
' that the inllumnifttioQ li slid actjvo, or that the acarred synovial membrane fails 
to rcsorb what it pouts out In the fast instance, the joint gains in capacity and 
arthrograma will not only reveal enlargement of the articular cavity, but also 
show shadows iniiicalivc of adhesions and scarring Another method of asccrtiun- 
ing the eatent of inflammatory activity >s to introduce a few cubic ceiiiimeters of 
iodized oil into the articular caviiy and take x-ray-s of the joint at periodic inter- 
vala Where inflamniation is still active the synovial rnembrane is hyperemic, the 
oil will soon pass out of the cavity and at times impregnate the lymphatic tracts 
and regional Ij mph nodes Surgery w^U only fan smoldering fire Synovectotny 1*1 
safe where the oil remains unabsorbed for a month or more On the whole, however, 
the resufts of synovectomy m rheumatoid arthntis are not very good since the 
hj'aline articular cartilage is often irreparaWy damaged by the time the infiamnia- 
tion has burnt itself out Synovectomy yiefcfs the best results in pigmented \n!Io- 
noduJar aynovitis and synovial chrondomatosis where the articaJar cartilage re- 
mains cofnparaliveiy intact 

Fig 44 — Preiynwectomi/ eluditt aa fo the coiUcKr onci the copaci/i> and commnni- 
cotiono/ffte articular cacitji 

A , Anteroposterior view arthrograw of the knee, of b woman with long-standing 
rheumatoid arthritis Note tlie inordinate enlargement of the articular cavity 
the gastrocncmic semimembranos'is biHsa which ordmanly, is a small outpouching 
of the synovia! membrane has descended as far down as the mid-calf The contour 
of the joint cavity casts a jagged shadow indicative of scarnng and the effect of 
irregular ioculation is produced by bands of intra -articular adhesions B, Antero- 
posterior view arthrogram of the knee of a young girl with bilateral pigmented 
viiioDodufar synovitis Her two brothers were stoularly affected. Note the exten- 
sion of the knee joint cavity up towards the midthigh The joint cavity when filled 
with air casts a multilocular shadow due to the infolding of t!ie synovia! plicae, the 
shadow cast by the contour of the cavity ib smooth 
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burnt itself out and is not likely to flare up. The duration of the hydrops, 
studies of temperature, blood counts and sedimentation rates may help 
one arrive at a decision. During the active hypereraic phases of inflam- 
mation the rate of absorption from the articular cavity is rapid; in late 
stages, due to scarring of the capsule, absorption is sluggish. A few cubic 
centimeters of iodized oil are introduced into the joint cavity and x-ray 



Fig. A5.~‘Presynovectomy studies in the speed of absorption of iodized oil from 
the joint cavity. The resorptivc power of the synovial membrane is taken as an 
indirect index of hyperemia within its walls. 

.fl, iVrthrogram of the knee of a patient with flumlnant rheumatoid arthritis. 
Iodized oil was introduced into the knee and the films were taken every twenty 
minutes. Alreadj' in the first plate opaque material was seen impregnating a large 
popliteal node and the lymphatics leading to and away from it. Increased vascu- 
larity enhances absorption from the joint cavity. (Reprinted from the author’s 
article, "Chronic iVrthritis”, Surg., G 3 ’ncc. & Obst., 76:46!)— f”9, April, 1943). 
R, Arthrogramof a less active knee. “The popliteal node became impregnated to the 
density shown after two weeks. C, Arthrogram of a quiescent knee. Three r\ecks 
after the introduction of iodized oil into the joint cavitj' the popliteal Ij'mph node 
IS only faintly impregnated. Note the jagged contour of the articular cavity which 
denotes scarring. 

films are taken an hour later and then every two weeks. In bumt-out 
quiescent joints, lipiodol will remain in the articular cavity for weeks and 
months; when inflammation is active the oil is rapidly absorbed and may 
even, impregnate the regional Ij-mph nodes and tracts within the first 
hour of its introduction into the articular cavit}’. Any extensive surgery 
on the joint with rapid absorption, hence hyperemia, will only fun a 




Fir 46 — Sj/noifcfowj/ in chrondromatosh of the elbow The synovial membrano 
i\hich arises from the same primitive connective tissue but remains rclativelj" 
uiiclifTerentiated can produce both bone and cartilage by metaplasia Synovial 
chondromatosis is usually ditTusc, not only the detached loose bodies must be 
evacuated, but the membrane which produces them must be dissected out. 

A, Photograph of the surgically exposed synovial capsule of the elbow of a 
woman w hose only complaint was regional awelUng and tingling along the distri- 
bution of the ulnar nerve X-raj's were negative Note tho distended synovial 
capsule on either side of the triceps tendon and adhesions extending to the ulnar 
nerve proximally B, Segment of the chondrifted synovial capsule to show its 
thickness. C, Multiform cartilaginous bodies mth which the articular cavity was 
packed. D, Photomicrograph X800 thm ng b a section of the dissected synovial 
membrane showing nests of cartilage cells. E, and f, Functional results four 
months after synovectomy 

Capsulotomy. — In flexion contracture of the knee, posterior capsul- 
otomy with stripping of the contracted capsule proximally from the 
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femur uas a fa>liionable oi>cratton at one time. It wan often .‘'Uppleinenreil 
by tenotomy of hamstring tendons. Xouadays po^'torior capsulofom\- i> 
resorted to only when the opposed articular surfaces remain intact, w hieh 
is rare when inflammation has Ijccn severe enough to cau^e flexion con- 
tractures. The deformity is better corrected by supraeond^dar o-^teotom.v 

Osteotomy. — In severe fle.xion contractures of the knee, a .sizable wedge 
of bone is resected so as to avoid stretching and paralysis of the peroneal 
ner\*e during e.xtension of the limb. Tlie surgical fracture is allowed to 
heal in a functionallj’ correct po>:ition, which in the knee is 5 to 10 de- 
grees short of full extension. In the so-called malum coxae senilis, or 
degenerative arthritis of the hip, intertrochanteric osteotom}' is some- 
times resorted to with the idea of shifting weight-bearing points and 
putting a relatively unworn, meclianicall 3 ' .sound, articular surface under 
the lines of stress and strain. The correction is best accomplished if 
osteotomx’ is performed Ixjtueen two guide pins which are used to lever 
the severed fragments of bone into the alignment desired. Recently 
o«teotom\' has been advised for the correction of bowed “bamboo” spine 
of spondylitis rhizomelica. Well planned and executed osteotomj’ of de- 
formed fingers will improve their functional usefulness (Fig. 48). 

Resection of Articular Extremities and Ostectomy, — In non-weight- 
bcaring joints, resection of one articular end is to be preferred to the e.x- 
cision of osteophytes from it or efiacement of its surface irregularities. 
In the lower c.xtremitx', resection of a non-weight-bearing bone, as the 
patella, is likewise justifiable and assures better functional result than 
trimming, ra«ping and filing of the bone. 

AMiere the primarj* function is movement and stabilitj’ is not an im- 
portant factor, a.s in the temporomandibular joint, a considerable seg- 
ment of one of the articular ends may Ihj exci'jcd without anj’ attempt at 
adaptive remodeling of the opposed surfaces (Fig. 49). In ankylosis or 
interlocking of the temporomandibular articulation, the condyle, the 
coronoid process and the adjacent portion of the proximal ramus of the 
mandible are resected; the space created is packed with oxj’cel gauze and 
skeletal traction i.s instituted through the chin. When the jaw ha.s re- 
mained immobile for a protracted period of time, muscles of mastication 
become fibrotic; tliej' contract, shorten; they must be put under stretch 
and made to function against tension so as to regain their length and 
contractility. Skeletal traction accomplishes this and it also prevents the 
chin from dropping back against the tliroat and choking the patient, 
postoperativclj’. 

In osteo-arthritis of the acromioclavicular joint, an inch or more of 
the outer clavicle is resected (Fig. 50). In posttraumatic mushrooming 
of the proximal articular surface of the radius with inabilitj* to pronate 
or supinate the forearm, tlie head of the radius is resected. For the same 
rvason in o<.teo-artIiritis at the distal radio-ulnar articulation, or when 
the radiu"5 has shortened and ulna lias advanced farther down towards 
the carpal bones, an inch or two of the distal ulna is resected. 

In osteo-arthritis of the wrist following fracture of the carpal navicular 
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Fig 47 — Si/nowc/omj/ tn pigmented riUonadular tynovtlis of both knees. The 
synovial membrane presents a flattened connective tissue surface towards the 
joint cavnty and an outer vascular stratum where most of the inflammatory proc- 
esses take place In rheumatoid arthntis, granulations break through the surface 
layer of the synovial membrane, invade the interior of the joint cavity, creep over 
and erode the hyaline articular cartilage and form adhesions In pigmented villo- 
nodu^ar synovitra, tVie outer stratum oI the synovial memtirane is thickened by 


shown in arthrograms 

A, Photograph of the knee at the time of arthrotomy of a young girl with bi- 
lateral pigmented villonodular synovitis Both of her knees were markedly en- 
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and avascular necrosis of the proximal fragment, the dead piece of bone 
or entire carpal scaphoid or even all the proximal rows of carpal bones 
are sometimes removed. Resection of. the carpal lunate is often performed 
in arthritis caused by necrosis of that bone and collapse of its articular 
walls. In arthritis of the metacarpophalangeal and interphalangeal joints, 
which often follows injuries) the globular head is resected (Fig. 51). Even 
though it may have been damaged to a greater degree, the base of the 
phalanx is left undisturbed since it gives insertion to the extensor muscles. 
The line of resection of the distal articular end of the metacarpus or of 
the phalanx must pass proximal to the point of reflexion of the s^movial 
membrane over the head; if the line passes too far distally the blood 
supply of the head will be impaired and may result in ring sequestra 
In the foot, only rarely are metatarsal heads resected since these bones 
are weight-bearing. Exception is made in arthritis of the metatarso- 
phalangeal joint following avascular necrosis and infraction of the meta- 
tarsal head, usually of the second. The nutrient vessel to the second 
metatarsal bone arises from the terminal perforating branch of the dor- 
salis pedis arterj’. It passes outward and plantarward and penetrates 
the bone nearer its base than its head. As the latter bears the only epi- 
physis of the metatarsal and constitutes its grouing end, the direction 
of the nutrient vessel in the bone is proximal, towards tlie base, ^\^lether 
or not this arrangement of the blood supply has anything to do nith the 
infraction of the head is a matter of conjecture. The line of resection of 
the second metacarpal bone for infraction of the head should pass through 
where the bone receives adequate blood supply (Fig. 53). Tlic arthritic 
base of the proximal phalanx is not touched since it would entail dissec- 
tion of the volar metatarsal ligament which holds the toe in place. In the 
more common rheumatoid arthritis of the foot with hallux valgus, ham- 
mer toes and other deformities, the resection of portions of the proximal 
row of phalanges or of the entire set of these bones is regarded better 
surgerj' than excision of the weight-bearing metatarsal heads (Fig. 54). 
In hallux valgus type of deformity, the painful exostosis is chiseled off 
the medial aspect of the head of the first metatarsal and the proximal 
half of the first phalanx of the great toe is resected; if eroded or mush- 
roomed, the two sesamoids beneath the metatarsal heads are also ex- 
cised; the dissected aponeurosis of the abductor muscle is partly used to 
transfix the resected phalanx and its remainder is sutured to the severed 
adductor tendon. 


larged, the"” » t- »• t i » n 

Fig. 44, B). 
chronic effi 
was this far 

i”“ ‘ ♦ • - - • . - • Pliotomicrograph 

\r infiltration. D, Photo- 

• • bilateral synovectomy, 

i he knees were operated at Iwo-wock intervals. E, Photograph showing the degree 
of extension. 
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Fit;. 4? — Osieotorif/ In fl*»\ion o<Kitractur« of the knee, supracondylar osteot- 
omy is a standard operation Someumesa considerable wedge or segment of bon© 
is remowd to obviate peroneal nerve par^ysia on correction of the deformity 
In the bip, subtrochanierio osteotom} ts at times resorted to with the idea of 
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Arthroplasty. — Except in ankylosis of the temporomandibular articu- 
lation where one has no other recourse, it is questionable whether a pain- 
less, soundly fused joint should ever be mobilized. However, in some 
arthritics it becomes expedient to loosen a joint or two so as to enable 
the patient to feed himself or sit on a stool. When a joint has stiffened 
with the limb in a functionall3' useless position, the choice rests between 
corrective osteotomy and arthroplasty. Generallj' speaking, in the lower 
extremity where weight-bearing fakes precedence over motion, correc- 
tive osteotomy' is preferred; in the upper limb where raov’ement is para- 
mount, one maj’ concede in favor of arthroplastj' or lescction of one of 
the articular ends. 

Distinction ought to be made between the Uvo methods of surgical 
mobilization of stiffened joints and the indications for each. In articula- 
tions, as the temporomandibular or acromio'claviciilar, where stability 
is not a factor, adaptive remodeling of the articular ends is hardly war- 
ranted, All that is required is to resect enough bone, create a gap, and 
resort to such contrivances as would prevent this space from being 
bridged across bj' osseous trabeculae. In the elbow and especially the 
iiip, where stability is a necessitj', the resected articular ends must be 
reciprocally reamed and rounded and fitted together in a waj' that would 
prevent subluxation under use. Arthroplasty is thus more than mere 
resection of the articular ends. It denotes creation hy art of a joint which 
W’ill not only permit motion, but provide also a measure of stability 
under stress. 

There are some general principles which must be lieeded in performing 
arthroplasty in arthritics, especially in those aflhcted with the inflam- 
matory or rheumatoid varietj’. Before undertaking the mobilization of 
any joint, one must make certain that inflammation in that particular 
articulation, not necessarily in others, has burnt itself out and that theie 


shifting weight-bearing points and putting a relatively unworn articular surface 
under the lines of stress and strain. In the fingers, where oateo-arthritis olton 
ollows trauma and the digits deviate due to the obliquity of the datn.aged articular 
surfaces, osteotomy will not only correct the deformity but will also enhance the 
functional usefulness. (The il/ustrations in this section are reprinted from the 
AT ® “Osteotomy of the Finger,” Quart. Bull., Northwestern Umv 

M. School, Chicago,.?/ ( 2 ) -111, 1917 ) 

4 , Photograph of the left hand of a violinist who suffered a handball injury 
^ year ago. X-ray revealed obliquity of the articular surface of the distal 
P alanv and degenerative arthritis. When he resumed playing the violin he became 
ismayed by his failure to hit the scale he intended to resound Note the radial 
eviation of the distal phalanN of the long finger. B, X-ray film showing the trans- 
\ation of Kirschner wires and osteotome in place, within the substance of the 
IS al phalanx. C, The distal fragment of the osteotomized phalanx has been 
'isted and levered into the desired position (ulnarward) and the two transfixa- 
lon wires have been locked in a fixation nut on the ulnar side of the finger. D, 
0 ograph of the same. N, Final photograph of the hand on the stringboard of 
10 Violin The Hexed distal phalanx of the long finger falls straight down on the 
ring It does not deviate sideways nor does it interfere with the play of the ad- 
jacent fingers. 
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Fig. 43 '~^itecitomy In nevion cootractUTM of the fcnpe, auprafondylar osteot- 
omy is a standard oporatjon Soinetiineg a considerable ne<tgc or segment of bone 
is removed to obviate peroneal nerve par^ysia on correction of the deformitj". 
In tbe bip, subtrochanteric osteotomy u at times resorted to with the idea of 
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has been a considerable lapse of time, a year or more, since the last flare- 
up. Perhaps more important is the condition of the muscles around the 
joint. Arthroplasty is out of the question when the segments inv’olved 
across the ankyloscd joint must be levered b}’ muscles which have been 
primarily involved in the inflammatory process or have shortened and 
atrophied beyond recovery. Muscles are the prime movers. Joints merely 
permit motion passively. In joints, as the shoulder, where too many 
muscles enter into intimate relation with the articular capsule and may 
have become primarily involved in inflammation, arthroplasty is doomed 
to fail. In the shoulder, the musculotendinous cuff constitutes the outer 
articular capsule and it inserts diffuselj' around the rim of the humeral 
head, not far from the center of joint action. In attempts at resecting and 
remodelling the proximal articular extremity of the humerus one cannot 
help but sever the insertion of the musculotendinous cuff. Being diffuse, 
the attachment of the cuff cannot be shifted dorni on the humerus. AITaen 
the muscles related to the cuff fail to fix the head of the humerus against 
the glenoid, the deltoid loses its fulcrum and cannot lever the arm into 
abduction, the most useful motion of the shoulder joint. 

In the upper limb the elbow is best suited for arthroplasty. The move- 
ments of this joint are based on relatively simple mechanics : hinge mo- 
tion of the radius and ulna on the humerus and rotary movement of the 
radial head. Of the two main muscles which lever the forearm into flexion, 
only the brachialis anticus hugs the joint capsule and inserts too close 
to the axis of hinge motion. The brachialis anticus may have been in- 
volved in inflammation and its point of insertion into the coronoid proc- 
ess is usually sacrificed during resection and reshaping of the proximal 
articular end of the ulna. The other great flexor of the elbow, the biceps 
muscle, spans the joint at some distance from the articular capsule; it 
is seldom involved in primary inflammation; since the biceps inserts 
farther doA^m into the radius than does the brachialis into the ulna, it is 
at a mechanical advantage to lever the forearm into flexion ; its insertion 
need not and should not be sacrificed during arthroplasty of the elbow 
when the head of the radius is resected in order to liberate pronation 


fold pv'" — — * •* **-- • J --- 

backnj 

ments 

Bion apiDBt which the atrophied muscles can function and regain their con- 
tractility. In children excessive traction may cause Bubluxation of the cervical 
spine: as a precautionary measure the head and the torso are incorporated in a 
Minerva jacket. (The procedure described is amply illustrated and extended in an 
article by the author called “Temporomandibular Joint: A Method of Mobilizii- 
tic*'“ « ■ 

■ • ■ hritis with 

■ pper set of 

teeth have overlapped the loi\er and some of the incisors have dug their w.ay deep 
into the opposite gum. D, Photograph a week after bilateral operation and insti- 
tution of skeletal traction through the chin. Note the eroded upper gum into 
w-faich the lower right canine was lodged. 
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and supination of the forearm. For stable hinge motion at the elbow, a 
semicircular notcli is carved out of the proximal end of the ulna and the 
opposed surface of the humerus is reamed and rounded and made to fit 
loosely into it. The muscular attachments to the epicondyles may have 
to be stripped up, but they are not detached. It does not seem to matter 
greatly with what material the raw surfaces of the humerus and ulna 
are covered Of late, oxycel gauae has come into favor. The space be- 
tu’cen the remodeled surfaces of bone is packed snugly with oxycel gauze 



F>g 50 — iir4eilfon of the outtr endo/ Ike dancle fo' arthnUi of the ac<Qintocla- 
vtcular joinl due fo old trauma When there js aasoemted calcification of muscuior 
tcndinom cuR of the shoulder, the ovcxhatigiag acromial process and its artxcula- 
facet IS likewise resected 

A , X-ray film before surgery NoJe ihc erosion into the articular surface of the 
clavicfe. a, -V-ray after resection C, Pftotograpii showing tfic range of painfess 
abduclioH three necks after surgery 

and the t\ ound is closed over jt A cylmder cast or a posterior mold is 
applied in order to procure rest and enliance heahng of the soft tissues. 
Two weeks later the cast is remerved and active exercises are begun 
against tension, preferably against skeletid traction through a scretv in 
(he proximal ulna 

In the lower extremity the hip lends itself best to arthroplasty (Figs. 
55, 56). This joint is wejl supported by strong muscles and is deeply 
buried in (hem, It provides the surgeon inth sufficient osseous material 
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out of which he can carve a ball and socket and create a reasonabh’ 
stable articulation. The extensive raw surfaces of bone, thus produced, 
tend to reunite, but this is prevented by the interposition of a vitallium 
cup or mold. The greater trochanter, which giv’es insertion to the most 
important group of muscles around the hip, is transferred farther down 
on the femur. This shift is regarded as essential to a good arthroplasty 
of the liip since the tension thus created holds the newly carved and 
cupped head of tlie femur firmly against the acetabular roof. ^loreover, 
the transplantation of the trochanter distally on the femur lengthen-s 



Fir. 51 . — Resection of the head of the first phalanx of the finger for arthritis of the 
proximal interpkalangeal joint. 

Photograph showing resection of the head of the first phalan.’? of the long 
finger. The hone is dislocated through a longitudinal incision along the ulnar 
aspect of the finger and the head is resected at about the rcfleTion of the S3'novial 
membrane witii a Gigli saw. B, X-ray following resection; note that the base of 
the second phalanx is left undisturbed, C, Flexion of the hand and finger two 
months later. D, Photograph showing the range of extension. 

the lever — augments the mechanical efficiencj’ of the glutei. The advan- 
tages of trochanteric shift are obviously offset if one has to strip the 
gluteus medius and minimus from their origin on the ilium in order to 
p.xpose the hip joint. The liip joint is approached tlirough an incision that 
avoids disconnecting any muscle from its origin. Occasionally in post- 
operative adductor spasm, the origins of the adductors from the pubis 
are stripped or the obdurator nerve supplying these muscles is crushed 
or even severed. However, the adductors are regarded as less important 
muscles than the abductors and rotators. 
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Arthroplasty of the hip defeats its purpose when the glutei have to be 
stripped off their anchorage to the ilium during surgery or when these 
muscles are weak and functionally defunct as in long-standing ankylosis 
due to Alarie-Strumpell variety of inflammatory arthritis. The best re- 



fig 52. PaUlleclomy E.xclsion of the patella is now a standard procedure for 

of tK„ J — * 1 - -t ,y . . . 


graphs which were taien five months after the operation ehoning the knee in 
active extension and flexion respectively. 

suits in arthroplasty of the hip are obtained in young adults vith de- 
generative arthritis as follows Le^-Perthes’ disease and old slipped 
femoral epiphysis with avascular necrosis of the head. In ancient un- 
reduced subluxations and dislocations of the hip, mold arthroplasty is 
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difficult to carry out and is likely to fail; in these cases the head of the 
femur often points in one direction and the acetabulum gapes widely in 



Fig 53 —Resection of the distal articular end of the second metatarsal for arthritis 
of the metatarsophalangeal joint resulting from avascular necrosis and infraction of 
the metatarsal head. 

A, Photograph of the foot showing the swelling over the infracted metatarsM 
head and the metatarsophalangeal joint. B, X-ray before surgerj'. C, Photograp 
of the resected articular end; the scales are in centimeters. D, X-ray after resection 
of the distal articular end of the second metatarsal. 


another; the shallow acetabulum and its thin roof do not lend themselves 
to carv’ing out a stable socket and are likely to extrude the cup placed in 
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Fig. 65. 

Figs 55 and 5G — .iTlhroplaUy. In ankylosing or interlocking of the elbow, the 
hip, and rarely the knee, adaptive remodelling of the opposed articular surfaces 
becomos^at times expedient in order to enable the patient to feed himself and sit on 

V 


ig. 55 ATlhroplasty of the hip with recomlTuclion of a head out of the neck uilk- 
ou{ tn^rpo3i7ion of a mold or cup, or evenfateta. 

^ , X-ray picture of the hip of a woman who had limped in childhood but did not 
of W ‘^°"^Flaint referable to her left hip until she became pregnant at the age 
I * n ^ osteochondromatosis was interpreted as being due to aseptic necrosis 
oiv* the articular end of femur resulting in degenerative arthritis. At 

ow mushroomed and crumbled and there nere 

of tlio^f^*" osteocartilaginous bodies. These were removed What v\as left 

w-»rrt was Tcsliapcd and the greater trochanter was displaced down- 

o.w? ^ femur and tacked n*ith a metal staple. (Reprinted from 

7/.J1P ® afticlo, "Pathological Phj’siologj' of Joints”, Surg , Gynce <t Obst., 

fy ' jj } r I?, 1940 ) D, X-ray of the hip fifteen 5'cars after surgery, 

the hip ^ hotographs showing the stability and the range of movements of 
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head and degenerative arthrith and in the sc^called malum coxae senilis, 
the results of cup arthroplasty are variable In both instances the decid- 
ing factors are the age of the individual, the muscles, and the bony sub- 
structure In a Aveight-bearing joint like the hip, arthroplasty promises 
better results tf the opposed articular imds of bone have haniened ivith 



Fig 50 —Bilattral cup arthr0pla$tf/ of the A»p for ^cgentralne or OBfeo-arihritu 
due to eid Legg-Perthea' disease Both hip^ were eimilarJy operateil at tno week 
interval 

A , X-ray aUhe right hip be/ore eurgerj- B, The hjp aj arihrotoroy, A probe is 
passed through acre% tee over the head of the /emarahtch tunnels under the artic- 
ular Burface and communicate* with » crag postenarly C, Anteroposterior view 
fitiB ot the right b»p six months after surgery D, Trendelenburg test of the right 
htp.^iTheextcntoflegspread Xofe that both bipH had been operated /'.Sitting 

closel)' knit trabeculae since such bones stand up better under pressure, 
then again these bones arc relalivdy poor in endosteum and postopera- 
tively produce little bone that would block movements In contrast, in 
in rheumatoid arthritis, osseous trabeculae are sparse and endosteum b 
abundant; soft bone cruraMes down under pressure, periostevun and 
endosteum tfirow off exTjbeiant interiocking osteophytes and undo the 



61.— ^r/Arorfes/4. In the larger joints of the lo^rer CTtremity, as the 
fn«*’ especially the ankles, there Is no better substitute to surgical 

hanmer joints of the toes are occasionally fused for painful 

interp] 

succes* ■ • . ‘ 

larsur , , • ' . 

off anc ■ . . 

ta/rnl? S'‘“."'Setter tirmly until union takes place. Bone grafts enhance unioni 
moveiMnl the one major cause of pain and nonunion which is 

nppficd to the ankle, A, Photograph showing a longi- 
rUd dot^ “> ■"t'lleolus. The incUion is car- 

are tied beh?nd'tk'‘'i P't'Os ““d the skin Baps are retracted by sutures which 

by a Gikli st! The dlst^rbuf,"™^^^ 

Tbe hbular notch of tho I • !k' 

Bbular malleolus are denuded c ■ ■' . ' 

o“”s'|!onK- bonfis meke'd^J’t” “’fk ‘ .“V*' ‘b® “us and tho gouged- 

fragment which k,/it ^ a between the talus and the tibia. D, The distal fibular 

remains attached latSSly ^Se haewi.^^^^^ 
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Kig 53 —Arlhrodeiij af the Knee and firalion of the femur and Ubta xcitk two 
thieadcd bolls and long leg eyltHder cast <1, Frootai view film five motilhs after 
8urgi»rj fl, Lateral virn of the same 



^\o^k of arthroplasty Here odd may resort to secondary chs’lectomj-, 
packing the raw surfaces of bone with oxycel gauze, which is said to 
retard osteogenesis, or one may resort to a fusion operation. 
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Arthrodesis. — For painful, interlocking and contracted articulations 
there is no better surgical substitute to arthrodesis of the joint with the 
limb in functionallj' useful position. This is especially true of the joints 
of the lower limb where stability is paramount. In some purely weight- 
bearing joints, as the ankle, (Fig. 57), arthrodesis has no other alterna- 
tive; in the knee (Fig. SS) it yields a more serviceable result than arthro- 
plasty; in elderly patients with unilateral hip joint disease (Figs. 59, 00), 
it is again preferred to the mobilizing operation. Except in the wrist. 



I' ig 60.— method of artkrodests of the hip usinj a bent plate and eix sci evi 
for internal fixation. Three years prior to arthrodesis, a cup had been put elsewliere 
resulting in painful unstable hip. The glutei must Jiave been stripped off their 
origin on ilium because the patient manifested positive Trendeienburg on standine 
^lyrch in walking. The cup was removed and the opposed surfaces of the femur 
and ilium were refreshed down to bleeding bone. The metal plate was bent to 
oesired curvejitwas countersunk into a groove across the greater trochanter and 
^*‘^°8fixed to both ilium and the femur by six screws, 

'i , A-ray before arthrodesis B, X-ray six months after surgery showing aoli<l 

osteosynthesis. 


''here there are no supporting muscles and numerous small bones enter 
into the articulation, arthrodesis is seldom performed as a remedial 
measure for chronic nontuberculous arthritis of the joints of the upper 
imbs. In the shoulder, fusion is occasionally advised for major musculo- 
endmous tears leading to a painful, partly transfixed joint. Arthrodesis 
l^G indicated for painful contracted fingers (Fig. Gl). 
f Amputation. — A deformed finger, which gets in tlie way 

o 10 others or a hammer toe which makes shoe wearing painful, may 
e ( isarticulated. In extremely deforming varictx' of rheumatoid or in- 
aminatorj' arthritis, both lower extremities are sometimes twisted and 
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gnarled beyond any hope of correction. Nursing in these patients be- 
comes an economic problem and the reivard of many hours of arduous 
effort often may be fungating bedsores over the sacrum, malleoli and the 
heel Will it not benefit the patient, as well as those who take care of 
him, if both useless legs were amputated just below the greater trochanter 
so that the wooden man could occasionally be allowed to sit up or trans- 
ferred into a wheel chair’ 



Fig. 61 — Arthroieua of the finger .4, Photograph of the hand of a young 
woman, a hairdresser Note the marked flexion contracture of the small finger The 
sear along the ulnar aspect of the Anger is the remnant of a previous attempt at 
lengthening the tendons by a graft, which resulted in failure B, X-ray of the 
finger C, The mterphalangeal joints were fused by invagmating the denuded dis- 
tal ends of the proximal bones into the base of the distal bones An intermedulUry 
Klrschner wire is threaded to hold the bones together The wire, and with it, the 
finger are bent to suit the functional demands made upon this finger by the occu- 
pation of hairdressing D, Photograph of the finger tw’o months after surgery 

SUMMARY AND CORRELATION 

To recapitulate, a joint is a connective tissue organ It connects and 
supports parts and permits motion between them. It does not move. 
It allows motion Its function in health la thus passively mechanical : it 
is structurally adapted to yield to motion and support In disease, the 
relatively undifferentiated connective tissues or the yielding elements, 
as are found in the synovial membrane and in marrow spaces, set up an 
inflammatory reaction, the specialized structures — articular cartilage 
and subchondral bone — wear out, degenerate. Numerous adjectives 
have been coined to qualify the type of chronic arthritis characterized 
mainly by inflammation in contrast to the one whose salient feature is 
degeneration. The terms rheumatoid and osteo-arthritis are the least 
confusing and are chosen to denote the inflammatory and degenerative 
variety respectively It is su^ested that pigmented villonodular syno- 
vitis is akin to the villous phase of rheumatoid arthritis, yet different 
from it; sjmovial chondromatosis or osteochondromatosis has some of 
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the features of both main tj’pes of chronic arthritis, but is unlike either 
one of them. Both villonodular sjTiovitis and synovial chondromatosis 
are amenable to the same surreal measures (synovectomy and removal 
of loose bodies) which have been found useful in the tieatmcnt of chronic 
nontuberculous arthritis. 

Inflammatory' or rheumatoid arthritis is regarded a systemic disease i 
any measure which will benefit the patient’s general health will help to 
improve the joints involved. Surgerj' in this disease aims at putting the 
painful joints at rest (splintage); in overcoming and coriecting contrac- 
tures (traction, tumbuckle splints, wedging of cast, manipulation, de- 
bridement, tenotomj’, capsulotomy, osteotomy and ostectomy) ; in eradi- 
cating residual inflammation (synovectomy); in mobilization of the al- 
ready ankylosed joint (arthroplasty); in elimination of a painful articu- 
lation (arthrodesis) ; and in getting rid of gnarled useless limbs (ampu- 
tation). 

Degenerative or osteo-arthritis is a local disease. The treatment should 
aim at the elimination of the causes of trauma to the particular joint as 
overuse, obesity and mechanical misalignments. Surgery is indicated in 
tile presence of painful or interlocking loose bodies (arthrotomy) ; when 
there are incongruities of opposed articular surfaces whicli might bene- 
ficially be eliminated (crasion, chylectomy, resection of non-weight- 
bearing articular ends) ; when there arc reasonable chances of procuring 
a comparatively unworn bearing surface and improved mechanical align- 
ment of weight-bearing segments (osteotomy); when the joint is inter- 
locked and necessitates mobilization (arthroplasty), and when it is pain- 
ful and needs to be eliminated (arthrodesis). 
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NowiiEnE has the influence of the antibiotics been more spectacular 
than in the reduction of the incidence of osteomyelitis The car, throat 
and skin infections of children which were once so commonly followed 
by hematogenous infection of bones are now prevented or minimized, 
and even when such an infection becomes established, it is rarely fol- 
lowed by complications. Furthermore, these drugs have permitted the 
use of previously impossible technics in the handling of those bone infec- 
tions which still result so that surgical treatment is now' much less time 
consuming, less dangerous, and much more satisfactory. 

It is customarj’ to list three types of osteomyelitis ; acute hematogenous 
infection; osteomyelitis by direct extension from adjacent infection ; and 
infection of bone by direct contamination as in compound fractures. 
Actually it muke.s little practical difference by what route the infectious 
agent arrives at tlic hone except that the infections which aie not blood 
borne tend to be less virulent and to remain better localized. Each case 
must be evaluated individually and the appropriate treatment chosen 
after all factors have been carefully weighed. It is of couiso true that 
compound injuries arc apt to present a mixed bacteriology and also to 
include certain organisms, such as those of gas gangrene, w’liich aie 
lardy found otlierwisc. In 00 per cent of the hematogenous lesions the 
infection is due to hemolytic Staphylococcus auieus. Next most common 
are streptococcus and pneumococcus infections. The very small per- 
centage of cases not included in those groups includes instances of osteo- 
myelitis duo to even,' known suppurative organism from typhoid and 
f^lmonella to brucella. In infants the relative incidence of streptococcic 
infection is higher. Needless to say, cultures arc essential to the diagnosis 
and treatment of any ease of osteomyelitis. 

ACUTE OSTEOMYELITIS 

Acute hematogenous osteomyelitis, although it may he seen at any 
age, is ossonf ially a disease of childhood and adolescence. As stated above, 
d results often as a complication of a pre-existing infection such as a 
noil or an otitis media. Trauma is almost routinely mentioned as a pre- 

isposing factor, hut its role is impossible to asso.ss, and probably of minor 
importance. 

S^ptoms. — Although it is obvious that at some stage in the evolution 
o tlie hematogenous lesion there must be a true bacteremia, this is us- 
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ually insufficient to cause sjTaptoRB Most frequently the initial picture 
is of a child who is acutely thougji not dangerously ill. He has localized 
pain and tenderness and while these may’ be related to any bone of the 
body, they are most commonly situated over the metaphysis of one of 
the long bones of the extremities. There wdll be swelling, redness, and 
local heat, all of which are more pronounced if the disease is old enough 
so that a soft tissue abscess has formed. Motion of adjacent joints is 
usually limited by pain, but acute tenderness is localized to the area of 
bone involvement. The sjxtemic manifestations include fever with its 
attendant dehy'dration, and an elevated white count. If bacteremia is 
significant, so that the blood culture is positive, all the above findings 
are present and in addition acute prostration The patient is gravely ill 
with a high fever that may lead to delirium, coma, and death 

Pathology.— In this early stage of the disease, there are usually rami- 
mal or no bone changes demonstrable by x-ray The bone is filled with 
pus which may even have broken through the cortex to produce a sub- 
periosteal abscess, but these are soft tissue changes A little later, when 
bone absorption has begun, a region of decreased densitj* appears At the 
same time, reparative processes are at work The stripped-up periosteum 
begins to form bone (mvolucnim) between it and the corte.x. \Mien 
areas of bone have been killed, either by the cutting off of their blood 
supply or perhaps by bacterial to.xins, they gradually separate from the 
living bone to become sequestra These sequestra are absorbed exceed- 
ingly slowly and, as long as they are present, act like foreign bodies m 
keeping ahve the infection Eventually, if treatment is delayed, the pus 
either burrows through the periosteum, the involucmm, and the soft 
tissues until it breaks to the outside, or it spreads up and down within 
the bone and even to adjacent joints In addition, all the tune that the 
focus is active there is constant danger of further metastatic spread via 
the bloodstream By this time the patient will have developed such non- 
specific effects of a severe febrile illness as dehydration, weight loss, and 
anemia. 

Differential Diagnosis. — is evident, even from this brief considera- 
tion of the evolution of acute osteomyehtis, that early treatment is 
desirable This of course implies early dia^osis which is not difficult if 
the possibility w kept in mmd. The disease most frequently confused 
with osteomyelitis is rhevtmUc ferer. The child with rheumatic fever 
rarely is as acutely ill as the child with osteomyelitis, nor does he have 
as high a fever or white count Fiirtlicrmore, although he may have pain 
in one or more joints, he does not usually have such exquisitely localized 
tenderness nor fe% ensh swelling. Sometimes an osteomyelitis is mistaken 
for a sprain or Jracturc because of the occurrence of trauma (something 
which is mentioned in the history of almost any childhood disease) but 
the ^’steraic manifestations should preclude this error Differentiation 
from abortive or mild paralytic p<^iom^Utts may occasionally be difficult 
in young children However, acute osteomyelitis is usually a much more 
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severe disease. With care, bone tenderness can be distinguished from 
muscle tenderness and a spinal puncture can settle the question if neces- 
sary. Occasionally it may be necessary to distinguish between osteomj'C* 
litis near a joint and a primary septic arthritis. The distinction is readily 
made by aspiration of joint contents. The only other acute febrile dis- 
order Avhich is easily confused with acute osteomyelitis is the idiopathic 
cortical hyperostosis of infants which was described by Caffey in 1945. 
Although the general symptoms and findings of Caffey's disease may be 
verj' much like those of acute osteomyelitis, the roentgenographic picture 
is fortunately diagnostic. 

Treatment.- — Since one may see the patient first at any stage of an 
acute osteomyelitis, treatment cannot be standardized but must depend 
on a careful evaluation of the individual case. In general there are three 
lines of attack; 

1. General supportive measures must not be neglected. These include 
adequate fluid replacement, transfusions of whole blood if anemia is 
present, analgesics and sedatives. Hot packs may bo of benefit in reliev- 
ing pain and in helping to localize the infection. 

2. Chemotherapy is of the utmost importance and should probably be 
used for every patient. Of the sulfa drugs sulfadiazine is the most gener- 
ally useful. However, it has more undesirable side effects than penicillin 
and since both drugs affect essentially the same organisms, penicillin is 
the agent of choice for most patients. It should be started as soon as the 
diagnosis is made. If cultures or smears should demonstrate an organism 
insensitive to penicillin, such as Escherichia coli, streptomycin can be 
substituted, but in view of the severe toxic effects of this drug on hearing 
and balance it is probably wise not to use it in the absence of specific 
indications. The use of penicillin in the early stages has lessened the 
urgency of surgical intervention, but has not replaced surgery. Failure 
to diagnose properly and failure to use antibiotics early enough and in 
sufficiently large doses still result in conditions which cannot be handled 
successfully by nonoperative treatment alone. 

^^^^ether or not the antibiotics will in themselves be sufficient therapy 
depends largely upon the stage of the disease when the patient is first 
seen. Very early in the acute phase, before there has been abscess forma- 
tion and necrosis of bone, penicillin in adequate amounts (20,000 to 
40,000 units intramuscularly every three hours or more if bacteremia is 
present) may cause the process to resolve entirely with no other treat- 
ment. IMien it does so, the usual sequence of events is apt to be pro- 
foundly altered. The clinical response is often dramatic, but the drugs 
must be continued for three to four weeks after the temperature has 
fallen to normal. The x-ray findings are also changed. There is far less 
subperiosteal new bone produced and unless the process is incompletely 
arrested there is not the usual marked sclerosis. There may be a small 
amount ^bone killed, but this often reorganizes without evident seques- 
ration. This is particularly true of infants and young children. 
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Although penicillin may sterilize the blood stream, and sometimes 
even the contents of a bone abscess, it does not cause pus to absorb. 
Therefore when delayed treatment has resulted in abscess formation it is 
probably wise not to rely on drugs alone. Furthermore a certain per- 
centage of apparent penicillin cures will relapse later on and requin* 
further treatment, usually surgical 

3 The indications for surgical drainage in acute osteomyelitis have 
been and are still the subject of a good deal of disagreement. However, 
more harm has probably been done by failure to dram than has ever 
resulted from early surgical intervention properly done. 

In this clinic it has been the practice to ilratn whenever there is dohnite 
indication ot a localized process. This procedure has not been abandoned 
since the advent of chemotherapy, but it is no longer considered to be 
immediate emergency surgery It is possible, with the use of penicillin, 
to ilclay a bit until the patient’s general condition is as good as possible 
and then to perform surgery if the process is still not controlled, 

This initial intervention should not be undertaken with any idea of 
ciadicatmg the disease, but purely to provide drainage tor confined pus. 
If ono keeps m mmd the evolution of the disease, it is at once obvious 
that simply incising a soft tissue abscess is not always sufficient. Even 
though the bone may appear to be normal, a small window removed 
trom the cortex at the site of greatest tenderness will reveal pus within 
the bone It this pus is not provide<l with a sufficient exit, it will make 
Its own loute which will probably be much less desirable. The detect 
created should be packed lightly and the hmb immobilized. General 
therapy is ot course continued. 

Four to SIX days later when the first dressing is done, a certain number 
of these leMons will he found sufficiently clean to permit of secondary 
suture When tins is possible, it shortens greatly the healing time (Fig 
02). If there is any doubt, however, the lesion should bo repacked and 
allowed to granulate in. 

The only deviation from this procedure is m the case of infants. As 
has been mentioned, they have a higher incidence of streptococcic infec- 
tion, and the course ot the disease la somewhat different. Since the bones 
of mtants are loss compact, the pus tends to break out more leadily so 
there is less tendency to involve massive amounts of bone For the same 
reason thcie is apt to be more periosteal stripping and earlier pointing 
of the abscess to the outside. For these infants there is less need for early 
operation. If the lesion is still confined within the bone, chemotherapy 
alone will often suffice. When operation la necessary, simple soft tis'^ue 
drainage combined w’lth chemotherapy will usually result m prompt 
healing. Once these lesions heal, and they do so much more rapidly than 
in older patients, they tend to stay healed and not to produce late exacer- 
bations or metastases (Fig. 63). 

In adults w ith acute osteomyelitis the picture is much the same except 
that the evolution is slower. For them and for those patients who have 
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an acute flare-up of a chronic osteomyelitis, treatment is essentially the 
same. 

Complications. — Complications of acute pyogenic osteomyelitis cannot 
always be avoided. 

1. Since the bone infection is usually primarj- m the metaphysis of 



Fig C2. — A boy of IS had had oslcoinyelUis of the right tibia four ^ears before 
i^inission. This had healed after several operations and caused no further trouble 
Three years later he had a painful swelling of the right wrist. With hot packs and 
sulfa therapy this subsided in ten days. One year later the trouble in the right 
"f and the first x-ray (fe/t) was tnadc. It shons thickening and sclerosis 

of the entire lower radius, evidence that there has been a low grade infection for 
a long time. In the center of the metaphj'sis is a radiolucent area which, at opera- 
ion, Was found to contain hemolytic Staph3’Iococcus aureus pus The second pic- 
ure (right) shows the extent of the operative defect which was packed with 
K^uze Five days later the pack was removed, the skin edges freshened, 
w’ound closed. Healing occurred without drainage. Intramuscular peni- 
cillin was given for tliree weeks 

long bones, extension into adjacent joints is not uncommon. This is par- 
icularly true in a location such as the upper femur where a large part 
0 le bone is actually intracapsular. When pyogenic infection of a joint 
as been established, early drainage is imperative so that pus may be 
\acuated before the articular surfaces have been severely damaged, 
no cannot depend upon penicillin as this agent does not cross into joints 
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in anything like the necessary concentration. Persistence of pus within 
the joint can lead to death of the os.sjfieation center and pathologic 
dislocation 



Fic C3 —An infant, aged 6 months, Ivad had fever (102^ ), pasn, and tender 
an-eJhng of the ncht Jpg Sct fifteen She bad J>ad an uninpiv-n (but smaJJi 
amount of suJ/a drug »hen the first roentgenogram nas made (le/f) There is a 
6pott5' decrease in density in the metapbysis and a Saj'er of periosteal new hor'“ "t 
bothaides of the upper shaft Onthisdayanabscesatvo"--- 
periosteum, but the bone was 

moJytic streptococci was cvac ..x ‘ t 

seventeen days at which time , ’ f 

ayniptonis The x-ray at * r 


appear in other bones or in soft tissues 
0. (JUntcal bacteremia may occur. Even tlus condition which used to 
carrj' such a high mortality, now frequently yields to the antibiotics. 
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4. Pathological fracture through bone weakened by disease can occur 
easily. When it does, the infection is apt to be aggravated and nonunion 
may supen'enc. 

5. Groicth disturhanccs not infrequently follow osteomyelitis in chil- 
dren. If there has been much damage to the epiphyseal line there may 
be complete arrest of growth. If the damage is less complete so that one 
portion of the plate closes and the rest continues to grow, deformity will 
result (Fig. 04). Both of these conditions must be kept in mind so that 



Fig &4.—A 9 year old boy had had acute osteomyelitis of the lower right femur 
for four T\ceks There had been no specific therapy because the illness had been 
diagnosed as rheumatic fever. After pcmcillio was begun a large abscess was 
evacuated and a window was made in the bone where more pus was found. The 
organism was hemolytic Staphs'lococcus aureus. The wound was packed open and 

npnir.,n!« 1 . — .1 • 1 T> — niado 

e en- 
• new 

bone on the surface In spite of cast immobilization a pathological fracture has 
occurred at the epiphyseal line. B, One month later the roentgenogram shows that 
a 2 inch segment of bone has separated and appears as a dense sequestrum in a 
cavity m tlie metaphysis. C, Five months after surgery the roentgenogram shows 
organization ol sequestrum and involucrum, and no sign of active disease. By this 
t ime there had been no drainage for eight weeks. D, Taken three years later, shows 
complete healing of the osteomj'elitis. In spite of infection and fracture the epiph- 
}si8 IS still open, but growth has been more rapid on the medial side. The re- 
sultant knock knee will be treated bj* a corrective osteotomy. 

if growth does not correct the discrepancy, epiphysiodesis or osteotomj' 
be performed at the appropriate age. Occasionally an infection near 
the epiphysis may have the opposite effect and overgrowth will result, 
us IS usually a temporarj' effect which is corrected spontaneously. 

G. Involvement of adjacent soft lissues may result from extension of the 
>one disease. Thus a pyothorax can follow osteomyelitis of a rib ; or in- 
fA-pelvic abscess and intestinal fistulac complicate infection of the 
pelvic bones. 
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7. Laic complicaiions of a healed acute lesion may occur. The focus 
may remain healed for months or years and then flare np or cause new 
le.'ioni5 el-ewhere. "niis is particularly true when there ts severe trauma 
such as a fracture m the area 

8. Mo't commonly acute osleomyelitts, paiticularly if early treatment 
h.\> iMJcn dclayetl. pnidually subfiles into a chronic infeetiou, 

CHRONIC OSTEOMYELITIS 

Chrotiic is almost always the end stajte of a preceding 

acute infection Rarely .such a low' gratle lesion may develop primaril)' 
and very occasionally may exist wntli no sjTnptoms at all. 

Sometimes a chronic infection of bone trill lieal spontaneously, par- 
ticularly after sequestra liave b^n discltargetl When tiu'' happens, the 
patient may he cured, or there may be an exacerbation later on. Usually, 
how-pver. lie.ahrjg is only partial and a J<Mr-/»ra<}e aelivity of the infection 
persists 7'his can be so slight that the patient i' troubled only mter- 
mhtcntly « ith mild pain and aching On the other hand, there may be 
massive involvement of an entire bone with the formation of multiple 
sinuses which drain constantly Soft tissue changes due to impairetl cir- 
culation, persistent chronic infection, and edema, may be as^ociatetl 
tt the infection is exteuMve and of long standing, the patient will show 
rnihl to piofound anemia and cachexia. 

The changes visible on the vray varj* as greatly ns the clinical picture 
There can be anytlung from a Jocalired bone ab«ce»« surrounded by 
sclero«cd margins fso-cul!c<l “Brodic’s abscess”) to de-lniction of an 
entire bone with multiple KH|iiestra and many ah'ee®«e' In general, 
then* is always a corabtnation of de.stniction of bone and form.ition of 
new bone 

Differential Diagnosis.— Although the diagnosis of chronic osteomi e- 
litis IS usually obviou*". the extreme sanabihty in the appearance of thi- 
disease oecasionailv learb to confusion. 

A condition which is frequently mist.aken for a small focu- of infection 
is osieotd of^truma Thi- Ic-ion »>> cliaractenzed by seiere constant pam 
and well localizixl eviuivite tenderness. The overlying soft ti'^sues mai 
be swollen and warm, but they are never red. The roontgenographif 
appoaraiiee is tvpica! The *mail nidus K usually vi-iblo as a round or 
oval translucent area with » dense center The whole i*; surroundwl Va- 
hvpertrophieil regional bone Aithougd^ the 'symptom' ami roentgeno- 
Rraphic appearance are <o reminiscent of odeomyclitia that for yeai^ 
this Ic'ion was eonfuseii with the scIero«mg osteomyeliti* of Garre, tiic 
difTerential diagno-!!* i- not difficult Patients with osteoid osteoma ne\er 
have systemic s^■mptom^ They liave a normal temperature and white 
count, and are not ill Complete exemoa of the nidus giies immediate 
and permanent relief Cultures of the material removed are always nega- 
tive and the pathologic examination is diagnostic Myontis osnfican*:. 
O'pociallv when the nn^et is gradual and attendetl by low-grade fever, 
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may be confusing. Later when a tender mass can be palpated in the soft 
tissue and irritation of the periosteum has stimulated new bone forma- 
tion there may be even more question. There will of course be no pus 
demonstrable and, if the lesion is immobilized, it will graduall)' organize 
and then recede. Tuberculous osteomyelitis is usually associated with 
tuberculous inv’olvement of a joint. Rarely it is primary in the meta- 
physis of a long bone. Although the diagnosis can usually be supported 
by the presence of other acid-fast foci, it is sometimes neccssarj’ to u ait 
for tissue examination and guinea pig inoculations. Sarcomas of bone 
are not infiequently mistaken for osteomyelitis and vice versa. Sclerosing 
tumors and those M Inch have excited much reactive new bone formation 
are particularly difficult. Here again if pus cannot be obtained by aspira- 
tion, pathologic examination may be necessary’ to establish the diagnosis. 
Metastatic lesions such as those of neuroblastoma or the blood dyscrasias 
may produce osteolytic foci but their appearance is rarely such as to be 
confused with osteomyelitis. 

Treatment. — Since the clinical picture will depend upon the seventy 
of the disease and tlie stage at which the particular patient is seen, it is 
again to bo emphasized that no standard treatment can be used for all 
patients, but the principles of treatment are the same for all. 

In the chronic form of osteomyelitis, chemotherapy alone does not 
suffice. It must be considered only as a powerful adjunct to adequate 
surgical treatment. Since this surgery' is elective (except for the acute 
exacerbations which are handled in the same manner as a primary acute 
osteomyelitis) it need not be undertaken until the patient is in good gen- 
eral condition. Often extensive preparatory treatment is necessary before 
the anemia has been corrected. Attention to this phase of management 
uill increase the success of later surgery'. 

In this case the object of the operation is twofold, to eradicate as com- 
pletely as possible all infection, and to provide good soft tissues for clo"- 
ing the wound. This means that all scars and sinus tracts should, wher- 
ever possible, be excised. Pre-operative x-ray of these tracts injected 
uith radio-opaque material is a useful procedure in planning the surgery’. 
The underly’ing bone pockets filled with granulation tissue and/or pus 
and often containing sequestra must be widely unroofed and completely 
cleaned out (Fig. 65). The ostectomy should be e.xt ended from good bone 
above to good bone below. Tlie defect is then “saucerized” so that a 
shallow crater is formed into which soft tissues may collapse. If the 
csion seems relatively inactive and the ostectomy' fairly’ complete, it is 
often possible to mobilize the adjacent soft tissues sufficiently to permit 
primary closure. A good many such W'ounds will heal per priman. Again, 

I there is any* doubt about the advisability of closure, or if the defect is 
00 great to close, the wound can be packed open and closure undertaken 
as a second stage operation. In either case splinting is used if necessary’ 
)ccausc of bone weakened by’ disease or operation, and parenteral peni- 
ci m is continued. Nothing is to be gained by’ the local instillation of 
chemotherapeutic agents. 
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Tlie moat significant recent siu^cal advances in the treatment of 
chronic osteomyelitis liave to do with the management of bone and soft 
tissue defects In children regeneration of large amounts of bone la to be 



Fig 65— Following tlie ettraclion of an abscessed tooth, aa ll year old girl 
had a severe chill and developed pam m the left hip High fever was rapidly fol- 
lowed by delirium, coma and convulsions Hemolytic Staphylococcus aureus was 
demonstrated in the blood and spinal fluid She was treated with serum (anti- 
biutics « ere not yet available) and recovered During corvvalesccuce she developed 
multiple soft tissue abscesses and extensive osteomj'chtis of the left femur Xo 
treatment O’aa given except to lance the abscesaea The admission roentgenogram 
(left) shows that the head and neck of the femur have been completely de8tro>'ed 
The slump of the femur is dislocated and the entire bone is massively diseased 
Shaggy irregular involucrum surrounds the remainder of the shaft, the outlines 
of which are clearly marked by cortical sequestra Three years and aix operations 
later (tenitf) there is little evidence of active disease in the club-shaped bone, hut 
there IS a jiersistent soft tissue sinus Tins was excised again and finally healed 
Eighteen months later the stump of the femur was denuded and reduced into the 
acetabulum Penicillin was used, there was no flare-up of infection, and the hip is 
now stable, as shown Leg length inequality w-as rectified by the removal of 

2 inches of bone from the supracondylar region of the opposite Femur {The bone 
removed was split in three pieces and osed as an intramedullary peg and onlay 
grafts) In the course of this patient ’« disease she has had pyogenic involvement of 
three major joints and eight different bones as well as numerous soft tissue ab- 
scesses Now , nine years after her initial disease, and after nineteen major opera- 
tions she 13 ciinically well, wMks without a hrap, and i3 able to pursue a normal 
life. Amyloidosis >3 demonstrable mlh the Congo red test 

expected, but a defect in an adult bone usuaUy does not fill m spon- 
taneously. Furthermore, even wh^i infection in the bone has been con- 
trolled, adequate healing will not occur until a good soft tissue covering 
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has been provided. In the management of these cases chemotherapy has 
been invaluable, for it has permitted the successful use of plastic pro- 
cedures for bone, muscle and skin Avhich previously gave difficulty. 

All of these procedures are secondary to eradication of the bone disease 
by an adequate partial ostectomy. All are less successful in hematoge- 
nous osteomyelitis than in the relatively more indolent infection which 
results from compound wounds. 

Soft Tissue Repair . — ^^Vhen the skeletal defect is not sufficient to 
weaken the bone, and when it is situated so that soft tissues can obliterate 
the cavity, primary or' secondary closure is usuallj' all that is necessary. 
Thin, adherent scars can be excised, and, by undermining the adjacent 
skin and subcutaneous tissue satisfactory' closure can be effected. Largei 
skin defects can often be handled by the use of double pcdicicd flaps. 
Relaxing incisions are made on each side parallel to the line of closure 
and 3 to 4 inches from it. By undermining these strips of skin they can 
be shifted to cover the gap left by the excised scar and the resultant 
defects covered with dermatome grafts. This technic is particularly ap- 
plicable to areas like the front of the shin where there is little soft tissue. 
Irregular defects can often be covered by the rotation of a single pedicle 
flap from adjacent skin. When very large areas must be covered by full- 
thickness skin, one must resort to cross-leg flaps or abdominal pedicles 
transferred gradually. In general it is better to Iiave the soft tissue work 
completed and in good condition before anything is done to restore the 
weakened bone. This obviates the danger of breakdown from post-opera- 
tive edema. 

Bone Repair . — 'iVherc there is a large defect in the bone some way 
must be found to obliterate it. Before the advent of the antibiotics the 
only possible course was to pack the wound and allow it to granulate in 
from below. \^Tiile this procedure frequently results in healing, it is tre- 
mendously time-consuming, is often attended by complications, and 
produces unsatisfactory scars. 

Fairly rapid healing may sometimes be secured by the use of muscle 
Jlups. If the bone defect is shallow, surrounding muscle can be shifted 
'Mthout radical displacement. If there is a deep rigid walled cavity which 
cannot be excised without sacrifice of too much bomi, it may be possible 
to form a muscle pedicle which can be drawn into tht; hole in the bone, 
this procedure is especially satisfactory when there is an ankylosed joint 
so that diverting the muscle docs not interfere with function. Careful 
a tention must be given the nen'e and blood supply of muscle so em- 
ployed. 

RTien such an approach is not feasible, cither because of lack of avail- 
a e muscle or because the bone has been weakened too much for useful 
unction, bone grafting can be employed. Grafts may be used to strengthen 
nn t»y ^’ide ostectomy. In this case a simple onlay graft, 

inf^ fnrough an incision as far as possible from the site of the original 
suffi^ place only by the overlying muscles will usually 
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The use of multiple chip grafts to fill deep cavities in regions such as 
the upper tibia or lower femur has been aictremely succes-iful in the man- 
agement of infection resulting from compound wounds. This is some- 
times done at the same time as the soft tissue revision, but the uncertain 



Fig tiG — \ l>r>v of 15 tud a severely comjioundcd fra.clurc of the lower fJiinl of 
the right Ubia Au open reduction with plating was performed the BJiiie day 
Soft tissue sioiigh and extensive osteomyelitis resulted A , Admission roentgeno 
gram made twelve neeks afterwards shows chronic osteomyelitis with suh- 
periosteal oseitwAtMin along tlie whole bone There is nonunion of the fracture, 
absorption about the metal, and acqueatrstion of the entire middle third of the 
shaft B, The first postoficrative x-ray, after removal of metal and dead bone, 
shows welt the extensive involucrum C, Shoua the amount of spontaneous rr- 
generation in three months, with oonumoo at the upper third Meanwhile the 
wound had been closed with, split thiekoess sidn grafts (see Fig 67) Iliac grafts 
were onlaid through a posteromedial loeiaion, and D, taken eiv mouths after 
admission, shows beginning union Penicillin waa used for the firstsix weeks aixl 
in conjunction w ilh liis subsequent surgery. 

success of th& one stage operation led to the development of a different 
technic using spht-thickne^s akin grafts as a temporary drcsnng 
This procedure is simple and is applicable to a wide variety of case's 
rV? with the other meth^s its success depends upon an initial adei^uafe 
removal of infected bone and scar tissue. Although some surgeons applj 
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the graft immediately, it is probably safer to pack the wound for five 
to seven days to allow a thin bed of granulation to form. The limb is ot 
course immobilized and antibiotics used freely. At the time of the first 
dressing, if the wound is clean, a thin dermatome graft is applied to the 
entire raw area. Some soft material, such as glycerin-soaked cotton is 
employed as a stent so that the graft is held firmly to all portions of the 
irregular cavity. Even in the presence of mild infection a majority of 
these grafts will survive, with resultant early and complete healing. An 



I'lg. 67. — Same case as Figure 66. The admission photograph (left) shows the 
granulating-wound. In the center is the sequestrated middle third of the tibia 
bathed in pus. The top half of the plate is exposed. After sequestrectomy’ the 
■wound Was packed with petrolatum gauze and a cast applied One month later the 
entire area w-as covered with split thickness grafts. The picture (right) shows com- 
plete healing in three weeks. (The irregular appearance is due to variations in 
pigmentation in the scars of this Negro patient) Two montlis later bone grafting 
w^ performed (see Fig. 66). The final step will be e.xcision of the split graft and 
in scar and replacement with full thickness skin. 

interval of two to three months is then allowed during which time the 
surrounding skin loosens up and the size of the pocket decreases some- 
what. If the area covered by the dermatome graft is small, shallow, and 
not subject to trauma, no further suigery is needed. With larger scars, 
especially those which fill pockets, the contracture of scar tissue, vascular 
e anges, and subsequent circulatory difficulties lead to break-down of 
ie graft and flare-up of infection. In these cases the split-thickness graft 
s con.'?i(Jered only* as a temporarj- dressing (Fig. 67). 
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Two to three months after healing, the third or definitive stage of 
surgery is undertaken. The spIiC'Skin graft is excised in toto. The type 


out It Tiic wound is then closed with full-thickness skin obtained by one 
of the methods already mentioned Unless it is absolutely necessary a 
drain is not used. 

Unfortunately it is still true that one see.s some instances of old neg- 
lectetl o-steomyehUs These patients ha\e usually had drainage for many 
years. The bone is very sclerotic and the soft tissuc.s, h ith their extreme 



circulator)' changes, are unsuitable for an)' type of reconstruction 
Pockets may become partially cpithelized and this condition favors tiie 
persistence of drainage. Not infrequently such a situation leads to the 
development of squamous cell carcinoma in the sinus tract. For most 
of these cases ampulalion is the only solution (Fig fiS)- 
One further complication of chronic osteomyelitis which is also dis- 
appearing as a result of modem therapy is the development of amylmdo- 
SIS. This distressing systemic disease is pn>ne to occur in any patient 
with a long-standing chronic infection. 'With the lessening of the inci- 
dence of osteomyelitis in general, and the shortened morbidity from 
chronic osteomyelitis, amyloid disease from this cau«e is becoming rare 

StfMSiARV 

1, Acute osteomyelitis is best treated by penicillin uhich is to be com- 
bined with surgical dramage if localized suppuration is evident. 
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2. Chronic osteomyelitis is treated hy complete excision of all discaspi! 
and scarred tissue, followed by obliteration of defects and closure of the 
wound witli healthy soft tissue. Antibiotics are an invaluable adjunct 
to the surgerj’ of ostcomylitis. 
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BONE TUMORS 


Edward L. Co^^PERE, M.D., F.A.C.S.* 

In this clinic it will not be possible to inchuie n discussion of all type?' 
of tumors whicli may affect bones. These tumors may be subdivided for 
purposes of classification into those of nonos«eoiis origin and the tumors 
which are related to osteogenesis. 

TnmoTR of nonoaseous origin would include : 

Endothelial mj'eloma (Ewins) 

Multiple inj'eloma 
Fibrosarcoma 
Neurofibro«arcom.n 
S^movioma 

n 3 'pernephroma (nicLastatir) 

Metastatic carcinoma 
Angios.arcoma 

I'umnra rehtrd to ostcogcnc-fis or bone formation woulfi ineliide: 

Benign 

Osteocliondioma oi benign exostoses 
Osteoma (these arise from membranous hone) 

Done ci’sts 

Benign giant cell tumoi 
Chondroma or benign chondiomyxoma 
Malignant 

Chondrosarcoma 
Osteoblastic osteogenic sarcoma 
O.steolytic osteogenic sarcoma 

1 hero are otlier specialized tumors or .subdivisions of some of the above 
osteogenic sarcomas which we will not undertake to describe or to in- 
clude in tills clinic. 


DIAGNOSIS 

The successful treatment of any malignant tumor must depend upon a 
'agnosis being made soon enough after the onset of symptoms to permit 
ocai excision or amputation before metastatic spread has taken place 
jirrors in diagnosis have resulted in suffering and death to countless 
ousands of patients whose lives might hax’e been saved if the first e.v- 
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aminiog physician had been more keenly alert or more thorough ui his 
examination. 

The burden of the responsibility in diagnosis and treatment of tumors 
of bone la too great for one clinician Determination of tlie nature of the 
tumor, insofar as is necessary to deckle that it js either benign or malig- 
ntint, should be made by a team of competent physicians consisting of 
(1) a clinician nho provides mfonufttion svhich includes an 
history and the findings obtained in a caref««> "’■■■ ’ ) 

the roentgenologist wlm * I 

findir 

No .. may be malignant should be sub- 

jected _.,.,.iueut, ejthei radical or conservative, without a biopsy and 
microscopic examination of ti-^sue from tlie tumor It is unfair, however, 
to expect the pathologist to make an accurate diagnosis from a very 
f-mall segment of tissue which may not even be representative of the 
tumor as a whole An adequate amount of tissue should always be ob- 
tained at the time of the biopsy The patiiologist should also have the 
benefit of a report of the x-ray findings, the history and the information 
'obtained from the physical examination of the patient A conference 
Sietween these three members of the diagnostic team, with a review of all 
'of the information that is available, is an ideal method of reaching an 
figreement that ivill greatly imprxn-e the statistical ai-crago of correct 
diagnoses. 

The history of the patient who has a tumor is of the gieatest impor- 
tance. There are certain rather characteristic points to be remembered: 
(!) Bemgn ium&rs rarely prothice pain. {2) The mahgnant bone tumor 
doee produce pain, which may be intermittent in the early stages of the dis- 
ease process, hut la most often severe at mght (3) The bemyn tumors grow 
slowly. (4) The more mahynant the yroicrt, the more rapid it u hhely to 
be. (5) The history of injury must not be jgnoretl. (0) Fractuie through a 
bone tumor or contusion d a suelhng formed fay neoplastic tissue may 
greatly stimulate the growth of the tumor colls and tbeir tendency to 
invade or metastasize (7) A fracture through a bone weakened by the 
presence of tumor may greatly change the x-ray and the microscopic 
Sndings. (S) CaJJu5 produced by Oie repair of the fracture may be seen 
in the roentgenogram or noted in the microscopic section leading to an 
erroneous diagnosis of o tumor of cartilaginous origin 

Differential Diagnosis.~In considering a differential diagno&is of 
bone tumors, we should think of the osfcotd osteoma which by some is 
thought to be a chronic low grade inflammation, and by others a definite 
neoplasm. Eegardless of which of these theories is correct, the condition 
is always localized and does not metastasize. It requires only local ex- 
eisiOQ for treatment. Sclerosiag osfeomyclitis or an old chronic bone 
abscess may produce night pain, loc^ suellmg, loss of weight, and may 
lead to an erroneous diagnosis -which can be corrected only by biopsy 
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Enlargeincnl of lymph glands adjacent to the region involved by a bone 
lesion may be misleading. The h3'perplastic Ij'mph gland vhich becomes 
enlarged because of a regional low* grade infection has been orroneoii>ly 
thought to show malignant changes when reviewed under the micio- 
scope. 

PROGNOSIS 

Prognosis in tumors which arise in the bones is most difficult Mulitplr 
myeloma may bo confined to a single vertebral body. X-ray therapy lia> 
been found to be palliative, resulting in initial repair, but there are no 
accepted cases of a cure of a patient with this disease. The majority of 
these patients die within less than five j'ears after the diagnosis has be m 
made. The Ewing tumor or endothelial mj'eloma, as it is sometinif*>* 
called, has been fatal in all proved cases which I have treaterl or h i\ c 
observed. This has been true regardless of whether the primarj* Ic'-ion 
was treated by local excision, amputation, or bj' x-ray alone. Synorwina 
is slow growing and slow to metastasize. Perhaps for the same rea'oiih 
diagnoses have not been made in most instances until the tumor became 
quite large. A prognosis of less than five j'cars’ survival must l)e made 
in the case of each of these tumors regardless of whether it is treated by 
local excision or by amputation. Fibrosarcoma is also slow giowing and 
slow to metastasize and, when it is treated hy extensive local resection 
or by amputation, prognosis for complete cure maj*^ be consideicd to 
be fair. 

The osteoblastic osteogenic sarcoma possesses the ability of forming bone 
within the tumor tissue itself. Thus, bone will form in the metastatic 
lesions in the lungs, liver or elsewhere in the body. This is a liighlj* malig- 
nant tumor that produces sclerosis in the bone as a result of the tumoi 
bone formation. Earlj’ diagnosis and amputation offers the best possi- 
bility for survival. 

The osteolytic osteogenic sarcoma docs not produce bone, although bone 
ormation maj* bo present if the growth of the tumor raises and strips 
Tins is merely a reactive type of bone but it sometimes makes 
^ c diagnosis more difficult. Extensive regional resection or amputation 
IS the treatment of choice. 


illustrative cases, with notes on treatment 

The following cases arc presented to illustrate certain points in diag- 
iiosis and treatment of bone tumors: 


marV^? ♦ ^ consultation because of a 

mart- 1 , enlargement of the right thigh. Roentgenograms show ed 

had b formation in the muscles about tlie right femur. Osteogenic .‘sarcoma 
amniif^r as the prob.able diagnosis by the examining pliysician and 

plaWn^ ^°*^f®oiplated. This patient gave a historj* of an injury while 

h'nipan*”^ V roentgenograms which showed bone aUo demonstrated 
ongitudinal trabeculation within the bone tissue (Fig. 09). The bony 
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mass nas altaclicd to tlie femur by a xwdepediclt* which was not as ioiig as the 
mass of bone Tliere was only slight tenderness I made a diagnosis of 
myositi'S ossificans, a relatively miU le^a which responds to conserrative 
treatment of x-ray therapy and immobawation This patient made a complete 
recovery and sub«equently was captain of the football team in one of the leading 
universities 

Comment —Although this particular case had a happy ending, I hai’o 
had occasion to see tlie amputated leg of another teen-aged iioy wljo was 
tlnih crippled for life because of the erroneous diagnosis of a sarcoma 
when the lesion was nothing more tlian myositis ossificans: These cases 



Fig <39 (Case f, H T D.) — ^Myositis ossificans which nas erroneously 
(bought to be sarcoma 

are referred to in tlie hope that we may emphasize again the ncce5'?itj' of 
making an accurate rJiagnosas beXorp undertaking any treatment. 

Case II — F E J . a young man of 19 years, noted pain and swelling just 


I by 2 cm. in area. In the hteail view the perkisteuni n-as .seen to be elevated on 
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the posterior tibial cortex (Fig. 70). The ingtnn.al node was removed and mici" 
scopic examination revealed moderate hjiserplasia. The differentbl diagnosis o' 
the lesion in the tibia seemed to be between sarcoma and chronic bone infcctioii 
At operation pus was evacuated from a tjTJical Brodie’s abscc^«, and the delC' i 
curetted and instilled with 100,000 units of penicillin. The wound healc<I im 
eventfully and without drainage. 

Comment. — ^This patient has made a complete recovery. Lesions similar 
to this, however, have been erroneouslj' diagnosed as osteogenic .sarcoma 
and the patient subjected to needless amputation. Such a drcadlu! mis- 
take will not be made by the surgeon who insists upon biopssy before an\ 
treatment is planned. 



(Case II, F. E. J.). — Central medullarj* lesion with periosteal new bone 
cent ^f^hgnancy was suspected and patient was referred to an amputation 
®r. Surgical exploration showed this to be a chronic bone abscess. 


of ^ Sid ag«l 1 1 years, was first seen by me at the University 

knee came complaining of pain and swelling just below the right 

incre "'eeks' duration. Roentgenograms revealed a diffuse 

tilae^^^ density in the bone of the tibia just below the upper epiphyseal car- 
tibia^/’F' ^^‘'ification of tumor tissue extending lateral to tlie cortex of the 

A diagnosis of osteogenic osteoblastic sarcoma was made. Biopsy 
^ction confirmed the diagnosis and a raidthigh amputation was 

earned out. (See Figs. 72 and 73.) 

age intervals since tliat operation, and today, at the 

nn years after the amputation), she is married and is 

hect'of li with considerable skill and dexterity, and enjoj-ing the 
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Fig 71 (Ca3C III, L G ) — The dcn^e bone formation near the upper end of the 
tibia of an 11 year old girl, with ossiRcation extending into the eurrounding eoft 
tissues, ied to a diagnosis of osteogenic osteoblastic sarcoma 



Fig. 72 (Case III) — These longitudinal eections of the tibia reveal the tumor 
mass on the lateral side of the proximal end of the bone and hard, white, sclerotic 
tumor bone within the shaft distal to the epiphyseal line. 
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Fig 73 (Caso III).— ‘Osteogenic osteoblastic sarcoma, showing true tumor bonu 
formation. Note the conspicuous condensation of the poorly formed trabeculae, 
the spaces arc filled with metaplastic fibroblasts containing mitotic nuclei. This 
w a ver}' malignant, rapidly metastasizing tumor nhich is highly resistant to 
^•ray therapy. 



lesion was l ^ hemgn fibrocystic lesion of the proximal end of the femur. This 
®'amined surgically and the tissue was thought to be benign when 

three^^^* I niicroscopically. Righl^ Roentgenogram of the same hip in 
fracture h The lesion has become markedly destructive. A pathological 

(see Fiir 7^ occurred. Microscopic sections now show a high degree of malignancy 
made^^’ metastases occurred six months after this roentgenogram 
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Comment . — No bone tumor is more malignant or carries a higher in- 
cidence of metastases and early deatii than does t!ie osteogenic osteo- 
blastic sarcoma. The excellent result obtained in this case with what 
appears to be a complete cure must be credited to the fact that a correct 
diagnosis was made within a short penod of time after the onset of 
symptoms, and the amputation with complete removal of the malignant 
lesion was carried out promptly and at a level sufficiently far removed 
from the primary tumor. 

Case IV. — ^A. S , a man 29 years, was operated upon by me at the Albert 
Merntt Billings Memorial Hospital m November 1937, with a diagnosis of fibro- 
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Cook County IIo«int:il on Jamiarj’ 17, 1942, of bronchopneumonia and general 
meta'itases. 

Comment . — A more accurate diagnosis in 1937, followed bj' resection 
of the entire upper portion of the femur and replacement of the resected 
femoral trochanters, neck and head with a massive bone graft, m all 
probability would have eliminated the neoplasm and preserved the life 
of this patient. 

Case V. — D. M., a man aged 21 years, was seen because of pain and swelling 
in the region of the left shoulder. TIjc patient described an incipient onset witli 
slight aching and then swelling ami stiffness m the left shoulder beginning five 
months hefoie he came to our oHiee 



Fig. 7G (Case V, D. M.). — Osteoblastic osteogenic sarcoma of the proximal end 
of the humerus. Note the sclerosing density and the radial formation of the new 
trabeculae 


riij'sical examination levealed a thin, almost emaciated-appearing young man 
who had obviously lost much sleep and was suffering pain. There was marked 
swelling of the upper half of the upper arm and the region of the left shoulder 
joint. Tlll^ mass was firm and tender. The infiaclavicular lymph nodes were en- 
larged uml haid. All motions of the shoulder weie limited. 

Uoentgenograms of the left shoulder revealed maiked bone changes consisting 
of increa'^ed density, with new bone formation all about the old coitex (Fig. 70). 
Sharpey’s fibers were well ossified, ci eating a stellate or radial trabecular forma- 
tion. The apjiearance was tjTiical of otlcogemc osteoblastic sarcoma. 

The probability of suiwiv.al for more tlian t\%o or three months was considered 
to be poor. 
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Comment ■ — A correct diagnosis should have been made within a few 
weeks of the onset of symptoms. Five months is too long to defer treat- 
ment if we hope to save the life of a patient afflicted with osteogenic 
osteoblastic sarcoma 

Case VI — C S , a man aged 2S years, consulted me on January 22, 1942 
because ot pain m the right arm near the site of insertion of the deltoid muscle 
Roentgenograms made elsewhere had been interpreted as showing no patho- 
logic change A study of new roentgenograms and a re-study of those made pre- 
viously showed slight but definite erosion of the outer cortex of the humems in 
the middle third There was also a famt shadow of periosteal new bone formation 
The patient had complained of some discomfort m this arm for approximately 

•. • • • ■; V • 1 




Fig. 77 (Case VI, C S ) — Photomicrograph (X9S) of microscopic section of 
tissue from the tumor of the nght huracrus The cellular elementB are largely 
fibroblasts This is a fibrosarcoma of only a moderate degree of malignancy 


one year. The slight changes noted in the bone, added to the finding of a palpable 
small zone of induiation in the tissues about the humerus, indicated tliat this 
lesion was of a rather low grade of mabgnancy, if it were a malignant tumor 
Biopsy W'as earned out (Fig 77) and frozen sections showed the lesion to be a 
fibrosarcoma with a sufficient number of mitotic figures in the fibroblastic cells to 
make radical treatment imperative Because tumors of this type are known to be 
unusually slow to metastasize or to spread by extension, an attempt was made to 
remove it by regional resection The middle third of the shaft of the humerus was 
removed togetlier with all attached surroundmg tissue, including some normal- 
appearing muscle and fascia The drfect m the humeral shaft was repaired with 
bone from the tibia. The patient made an uneventful recovery The tibial graft 
united firmly at one end and by good fibrous umon at the other, and he had excel- 
lent use of the arm for a few months 

Roentgenograms made about six months after operation showed beginning 
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destruction of the graft, indicating local recurrence of the tumor. A large, hard, 
axillary Ijnnph gland also w'as noted at this time and this was removed and found 
to contain malignant tumor cells. It wasobAious, therefore, that the only chance 
of sa^•ing the life of this patient was to do a complete thoracohumeral fore-quarter 
amputation, rcmo\'ing all axillarj* I^mph glands along with the extremity. This 
operation uas carried out October 1942. At the present time, approximately 
six years from the time of this amputation, the patient, now aged 35 years, is 
entirely well and has become so dexterous in the use of his left arm that he holds 
the same po'^ition, and carries out satisfactonh' all the duties thereto, which he 
held before the appearance of this hbrosarcoma and amputation of the arm. 

Comment . — Although fibrosarcoma is known to be a slowly growing, 
slowly extending, and slowly metastasizing lesion, once it has spread to 



Fig. 78 (Case VII, D. R.). — Extensive skelctat racta-stases fcam cacciaotas. o( 
the breast. There is no evidence of bone repair or of reactive new bone formation 

the regional bmiph glands only the most radical surgery’ such as was 
carried out here offers any reasonable opportunitv for the preservation 
of life. 

Case \1I. — D. R., a hite ^ oman of approximately 60 years of age, developed 
pain in her thigh seven and one-Iialf years after the removal of a brcirst following 
a diagnosis of adenocarcinoma. She survived three and onc-half years after the 
first skeletal metastases could be demonstrated in roentgenograms. (See Hg. 7S.) 
For most of this period of time she was kept reasonably comfortable and tlie le- 
sions repeatedly retrogressed following x-ray tlierapy. 

Comment . — ^Although generalized skeletal metastases of this tj’pe of 
carcinoma can never bo cured by x-ray therapy, this treatment is of 
greatest value from the standpoint of comfort for the patient and 
prolong life, as in this case, for a period of several years. 
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The shoulder, as a functional unit, is subject to the disabilities of simi- 
lar units. However, after elimination of the fractures, dislocations, infec- 
tions and arthritides, there remains a narrow group of conditions peculiar 
to this region. Tin's group is only vaguely classified and understood by 
the average medical practitioner. We are concerned with this group in 
an effort to classify and simplify it for the practicing physician. 

ANATOMICAL CONSIDERATIONS 

Many standard textbooks and publications reveal detailed accounts 
of the shoulder region. Certain points can well he emphasized. 

1. The shoulder possesses the widest latitude of motion in all direc- 
tions with a position of rest near the extreme, i.e., adduction and internal 
rotation. The major portion of the work of the e.xtremity can be, and is 
performed in this position, with little muscular demand on the shoulder. 

2. The joint is surrounded by a fibrous capsule into wliich the tendons 
of the short muscles, the supraspinatu.s, infraspinatus, siibscapuloris and 
teres minor, are intimately blended, as well os to each other, to form a 
single unit, the musculotendinous cuff. The conception of rounded, dis- 
crete tendons, similar to a finger flexor, is not to bo entertained in this 
region. The long head of the biceps is sucli a rounded tendon, enclosed 
in a sheath Mhich is essentially a prolongation of the joint, open proxi- 
mally and cIo.«ed distally. A portion of tlic tendon, varjdng with position 
of the shoulder, extends through the joint. The joint capsule, in a posi- 
tion of rest, shows a large inferior fold, thus allowing for a wide range 
of motion. 

3. The shoulder occurs at the summit of the trunk with sharp recession 
to the midlinc. As a result, the muscles of elevation are denied a mechani- 
cally sound proximal base. Leverage is added by a projecting bone mass 
the acromium plus a projection for insertion, the tuberositie.=‘. TJie result 
is a comparatively weak function, plus a close bony tolerance ns the c.x- 
tremity approaches a right angle in lateral abduction. The motion of 
abduction is said to be initiated bj' the supraspinatus, carried through by 
the deltoid and continued by rotation of the scapula. However, the 
supraspinatus must maintain a tense, although not contractile state for 
deltoid function; so the deltoid for scapular function. 

4. The external surface of the joint, its capsule and musculotendinous 
cuff, is covered by a bursal or gliding surface, the subdeltoid bursa. 
Anatomically divided into several compartments, it must be regarded 
as a functional unit to facilitate passage beneath the acromium and 
deltoid. 

* Atteiulin^j OrtliopedJp Fur/jeon, Silvpr Cro'is and St. .loc/'ph’s Hospitals, 
JoHot, Illinois. 
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GROUP SVMPTOMATOLOGY 

Palients presenting themselves to a chnic for observation have a su- 
perficial and disconcerting similarity of sj-roptoms and findings. 

1. Pain m the shoulder region catering about the insertion of the 
doUo d, varjing m intensity from bearable to excessively severe, but 
constant and disabling, with the worst period at night 

2. Inability of the extremity to function in the elevated, abducted 
and externally rotated position, with comparatively free movement of 
anterior elevation. 

3. A lack of major trauma 

4. A lack of general symptoms and signs 

5. An age group m the latter penod of life 

6 Engagement in a mannal occupation frequently throttling strvain 
on the shoulder 

Too frequently obscn,’at«on stops at this point with a vague diagnosis 
of arthritis, neuritis or subdeltoid bursitis The result of such a diagnosis 
IS e.xcecdingly poor ivith much dissatisfaction for the individual patient 

SUBDELtOm BURSITIS 

This phrase has served as a catch-nll for the group for many years 
A though the possibility of a pure bursitis is acknowledged m the litera- 
ture, there appear no reports of its occurrence. Presumably this bursa 
could become inflamed through trauma, infection, or the ill-defined toxic 
or arthritic factor. Surgical and anatomical reports show inflammation 
of this structure and later fibrosis of its However, they mvanably 
relate this to pathology m the adjacent musculotendinous cufT or joint 
It 13 believed that irritation of the bursa and resulting inflammation arc 
productive of symptoms and signs At the onset there would bo pam by 
distention of the bursa and the inflammatory process This pain would 
.increase mth elevation of the extremity through compression as the 
tuberositj’ approaches the acromium. Muscular spasm would be noted 
which, with the pam, would prevent active abduction and rotation. 
Passive motion should be free, with no evidence of muscle loss of power 
There should appear some sensitivity to pressure over the bursa and 
perhaps a scn'=e of fullness As the condition extends in tune, and sub- 
sides, the tt'ail of the bursa becomes thickened This fibrosis appears as 
the source of mild chronic long-lasting pain, mostly noted after extended 
usage of the shoulder. The possibility of obliteration of the bursa, and 
consequent restriction of motion at the shoulder, has been noted. Tliero 
appears little investigative background to indicate that this does occur. 
Excision of the entire bursa has been performed with little restriction in 
shoulder function 

Treatment.— Treatment has, for the most part, been directed at under- 
lying pathology rather than the bui«tis. Certain general measures have 
of necessity been applied to the entire le^on without regard for structure. 
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Heat . — In the simple form heat has been found of little value eitliei 
for relief of pain or improvement of the course of the disease. 

Diathenny. — Mucli has been written concerning the value of tins form 
of heat and it is unquestionably widely used. The value has been scii- 
ously questioned and it is evident that many patients, especially m the 
acute stages, are more uncomfortable with.its use. 

X-raij Therapy . — ^Thero are a variety of conflicting reports, exiending 
from 70 to 90 per cent quick relief in acute cases to no benefit in any cat-c 
Many papers lack exact diagnostic detail and criteiia of benefit. It is ad- 
mittedly of little value in long-standing cases. Personal experience with 
this form of treatment has been disappointing and it is seldom used 
Puncture and Irrigation . — ^Thc successful and rapid relief of pain m 
acute cases through introduction of several large bore needles into the 
bursa and irrigation of the structure with saline, has been reported by 
groups of workers. Other groups have been unsuccessful in iingation, but 
have used multiple fan-shaped punctures with equal satisfaction More 
recently a widely expressed opinion prevails that puncture of the bursa 
alone is iusufiicient, and that relief is secured through puncture of the 
musculotendinous cuff, witliout irrigation of the bursa. There appears 
to be general belief that puncture in some form gives quick lelief of pain 
in most acute, severe, painful conditions. 


This division of cases appears more often in males in tiie older age 
group and in manual occupations. One phase of the condition presents 
an acute pain of sudden onset and great severity, reaching a peak at 
which time it is poorly influenced by narcotics. There is great muscle 
spasm and resistance to motion at the shoulder, with the extremity held 
in adduction and internal rotation. Constant slight shifts of position in 
an unsuccessful attempt to find comfort are notable. No muscular weak- 
ness or restriction of motion by adhesions appears. The difficulty ol 
this stage is apparent and results are apt to bo unsatisfactory. 
Although the site of pain is referred to the insertion of the deltoid, local- 
ized tender areas are found about the tuberosity. Trauma appears in 
this picture in an indefinite manner; usually no cleai-cut incident is 
remembered. 

X-ray may reveal small radiopaque bodies near the tuberosit 3 ’. Tlio 
odies may be single or multiple, and must be sought for in various views, 
o ten including fluoroscopy, to prevent hiding behind bony structures. 
1 1 times, in the absence of these bodies the cortex of the tuberosity maj’ 
le roughened, excavated or eburnated. At other times negative films 
are noted. 

This is accepted by most groups as a tendinitis of the short muscles, 
it * wear and tear, trauma, overuse, aging, and perhaps some toxic- 
* ’ fibers appear hyaline and small ruptures occur. At the site of 
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rupture cavities develop and fill with d6bns. This debris may become a 
site for the deposit of calcium salts and so appear m an x-ray. Frequently 
the tension in these cavities increases and is felt to be the origin of the 
acute painful episodes. The projection and roughness of the degenerative 
area produces an inflammatory chaise in the adjacent subdeltoid bursa, 
which in turn adds to the clmical picture. With the pain and muscle 
spasm, plus the property of increasing tension by elevation, the char- 
acteristic posture is induced. The tender spots noted on examination 
are thought to be the superficial evidence of the location of points of 
tension and degeneration in the tendon fibers. 

It IS believed that, if untreated, the cavity ruptures into the bursa 
with relief of acute pain and absorption of the calcareous deposits A 
chronic stage is then entered with bursal inflammation persisting and 
gradually resolving. The degenerate changes in the tendon are persistent 
as well as a certain amount of bursitis Symptoms may subside, although 
usually some discomfort m the use of the shoulder remains, especially m 
the extremes of abduction and rotation The time interval vanes trom a 
few weeks to many months 

The acute phase appears to be only a part of a progressive degenera- 
tive process which e.xists before and continues after Certainly calcareous 
•nodules, occasionally bilateial, are found in shoulders which have not 
/jeen subject to an acute episode. Sooner or later these quiet piocesses 
erupt into an acute phase and may recur. The amount of disability m 
the chronic state must depend on the amount of fibrosis and persistent 
inflammation m the tissues and bursa This can be severe with occasion- 
ally actual bony plaque formation. The general pattern of aching on 
heavy use with pain in the extremes of motion is retained despite its 
varying intensity 

Many workers feel that the actiteness of the condition can be approxi- 
mated by the outline of the calcareous shado^vs, a smooth globular out- 
line seen in the acute stage and a more fuzzy, irregulai shadow m the 
chronic Others have demonstrated sui^ically the ucuto material as semi- 
fluid, wet, chalky, with the chronic as drier, cheesy material 

Although great attention has been paid to these calcareous shadows, 
it is clear that both the acute and chronic phases may exist w'lthout them 
Changes in the outline of the cortex of the tuberosity may mark a fairly 
long-standing condition. At otlier times it exists witli symptomatic ex- 
actness and is relieved by similar measures, with no visible x-ray findings 

In certain cases there remains a fibrous restriction of the joint move- 
ments. Although moderately severe, this restriction does not approach 
the true frozen shoulder. The longer the period of resolution, the more 
severe appears the restriction of motion It does not seem necessarj' to 
visualize obliteration of the subdeltoid bursa or severe involvement of 
thejouit to produce the findings. Long-continued periods in the position 
of rest or adduction with an inflammatory reaction adjacent to the joint 
are (juite sufficient to cause some obliteration and adhesion of the loo^ 
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(lopondont poition of this joint capsule. Similar results, uiuler similar 
conditions may be seen in man 5 - joints. Witli recession of the activity 
and resumption of use tlie motility gradually increases. 

Treatment. — Tlie reports of treatments have been so varied and often 
so contradictory that an evaluation offers some difficulty. There is little 
doubt tliat in the acute phase pain is severe, to a degiee not too often 
matched, and that the use of narcotics should be approved in adequate 
dosage. The attempt to continue in manual work, while commendable 
from a standpoint of courage, can hardly be recommended as a satis- 
factory' adjunct to recovery. 

llcat in general has been found of little benefit, eitlier for temporaiy 
relief of discomfort or more permanent shortening of the disease course. 
It is uidely used, although many time.s only for want of a better ap- 
proach. Cold should be c-xpeeted to contract the tissues and lessen the 
tension. In usage the benefit is minimal. 

Diathermy has been widely reported a.s a satisfactory form of treat- 
ment and has been credited with causing the disappearance of the cal- 
careous shadows. In the acute pliase it is said to increase the patient’s 
discomfort. In carefully evaluate<l observations tlierc is serious reason 
to question that diathermy plays a significant part at any stage. It is 
well understood that in tire final stages of most diseases involving a joint, 
in a stage when recovery depends solely upon resumption of activity, 
some form of heat and a regular ewreise program are of value. 

X-ray Therapy. Tliis form of treatment has been mentioned in a 
previous paragraph. The observations there apply to this group as well 
Reports arc very contradictory. In well-controlled c.xperiments the con- 
clusion appears that the value is small. It is believed that sufficient dos- 
age and inflammatory reaction may accelerate the spontaneous rupture 
of the area of tension into the bursa. The anticipation of such a result 
must expect jconsiderable irregularity in the coirrsc of the disease. 

ImmohUization . — A variety of splints and plasters have been used to 
hold the extremity at rest in an abducted position. The principle of rest 
for an inflamed joint and its surroundings has been approved as sound 
many times and rn many conditions. Certainly some benefit as to imme- 
diate discomfort can be e.xpected. However, it docs not appear to bo 
great and there is little reason to expect relief from tension in the tendon 
fibore. The use of immobilization has not been general. 

Exercise . — Some modification of tlie pendulum e.xercises has been 
widely u«cd in the stage of jcsolution with benefit. The tendency lias 
been toward securing passive motion of abduction by this means, in an 
eftoit to prevent the foimation of re.^tiictive adhesions in the joint or 
bursa. It can only be eoiisidcml an adjunct to any form of treatment, 
but as such has proved that it desciwc.s its place. 

Relief of Tension . — Tlie most recent and successful line^ of treatment 
are based upon relief of tension in the distended cavity of the musculo- 
tendinous ruff. They are essentially three: 

1. The awaiting of >|ninfaiu‘oii*- uiptiiie of distended cavities has beer' 
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assisted by really large doses of narcotics as well as rest of the extremity, 
extending into bed rest This, of course, is merely an effort to make bear- 
able the endurance of a disease phase -which is admittedly open to re- 
cession. Such a course appears to offer little that is constructive Personal 
attempts to follow this have been unhappy and appeared to prolong the 
discomfort of the patient unnecessarily. Its proponents state that the 
course of the disease is about the same as with other methods of treat- 
ment. 

2. The puncture of the distended tendon m the acute phase has offered 
a high percentage of prompt relief of pain for many workers. The control 
of pain can be expected in twenty-four to forty-eight hours w ith an early 
resumption of motion and little occurrence of restrictive adhesions The 
procedure is a simple office maneuver heeding little more than an under- 
standing of the objective and of the r^ional anatomy Large bore needles 
are used and aspiration is attempted, but is not considered necessary 
nor is too often successful It is felt that direct puncture of the involved 
tendon is necessary and that securing of calcareous material offers proof 
of accomplishment 

3. The surgical relief of tension has been very successful A small in- 
cision IS directed through the deltoid and subdeltoid bursa opening into 
.and evacuating the distended tendon It has been advocated as a more 
'certain procedure Thorough curettage of the involved area was advo- 
cated in early reports, but more recently jt has been held that simple 
incision and evacuation are superior 


or a tremendously thickened bursa. 'These have on occasion been re- 
moved by surgery Such cases are certainly the exception and place con- 
siderable strain upon surgical judgment. 

In general it is emphasized that this is a long-standing disease The 
prognosis as to recoverj* from any one acute episode and eventual com- 
pensation m use of the extremity is axceilent. The period from acute 
phase to resolution is wearing to both patient and physician The proper 
use of puncture or surgery may considerably shorten this period. 

TENDON RUPTURE 

The rupture of the tendons of the shoulder was brought to attention 


neonle. The more confmon is in the region oi tiie supiaspui.tius. iwi., 

^ I- these rents in as many as 25 per 

I i. this number. 

The typical clmicai *0 v- 


in the later 
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period of life and engaged in manual labor. With its onset there is a mus- 
cular strain or a fall of not too great severity. A snap in the shoulder 
region may be experienced. The pain appears at once, but is not severe. 
Intensity mounts until in a day or so it approaches that of the acute phase 
of tendinitis. The findings at this stage are similar to tendinitis. A dis- 
tinctive feature should be weakness or absence of the involved muscle 
action. However, testing can be very unsatisfactory and confirmation 
unlikely in the early days. This acute pain subsides in a period of days 
or a week or so and a varying degree of weakness of the abduction mo- 
tion can be demonstrated. Passiv’C motion is free, although as the tuberos- 
ity passes the acromium a fair degree of pain is felt and guarded against. 
A tender area over the invoK’ed tendon can often be noted. As time 
passes this disappears and a defect can be palpated in the involved tendon 
cuff. This latter finding appears regularly listed, but is certainly difficult 
to elicit and cannot be considered too reliable. The prominent feature 
remains lack of active abduction with some pain as a result of the injured 
and indurated tissue. This weakness and defect in the cuff is thought to 
be permanent. X-ray examination in early stages is negative; in later 
periods there appears some atrophy and changes about the cortical bone 
of the tuberosity. 

Investigators have found it necessary to predicate a weakening of the 
tendon fibers through ovenisc, age, general debility and perhaps toxicity 
before rupture will occur. This rupture may be partial in that it fails to 
pierce the full thickness of the musculotendinous cuff. Such an injury 
may appear as central or on the joint or bursal surface. The rupture may 
be complete in that an opening is produced from the subdeltoid bursa 
into the joint space. It must be appreciated that a rent, occurring in a 
wide tendinous cuff, need not include the entire action of one muscle or 
may include that of several. There appears to bo some divergence of 
opinion as to the common course of the rent. Many consider the major 
portion of the rents to occur in a transverse fashion across the tendon 
fibers, while others consider an oblique or longitudinal rent as the more 
common. At operation the rent appears as a triangular defect with its 
base to the tuberosity and its apex towards the acromium. The edges 
have become falciform and little effort at repair is demonstrated. It is 
considered as starting as a moderate defect and enlarging to a rather 
standard maximum size. 

The clinical belief that complete loss of abduction is necessary for 
diagnosis of tear is not well founded. Many cases are encountered with 
varying degrees of loss in abduction power. Such v’ariance can bo readily 
visualized by appreciation of the conjoined nature of the tendons, the 
possible positions of the rent and the possibility of retention of function 
through adjoining intact fibers. It is interesting to note that early stages 
of tendinitis and rupture arc similar in clinical findings. i^Vnd further al- 
though degenerative changes in the tendon fibers are considered neces- 
sarj’ before rupture can occur, the findings of calcareous nodules are not 
reported. It has been considered by some that rupture is a traumatic 
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phase of tendinitis, with calcarous material being dispersed at the time 
of trauma, and thus not appreciable b3* x-ra3'. Tlie differential diagnosi:, 
between incomplete tears or tears not dcstro3ing muscle function to a 
great degree, and tendinitis remains obscure In case of rupture more 
rapid resolution and less tendenc}* to restrictire adhesions is to be ex- 
pected. 

Treatment.— Tendon rupture ma3' be suspected carl.vfrom a histon- of 
trauma but until muscle Ametion can be evaluated the condition must 
be treated as a tendinitis. Puncture has succcetlcd in relieving the acute 
phase, although the rationale is not clear With a definite diagnosis of 
complete tear operative repair has been adid^ed Approach is tlirough an 
anterior deltoid or acromial incision The defect is closed njth silk mate- 
ria/, in fresh cases eompIefel3*, in older cases b3' approximating the base 
to the tuberosit3' as uelJ as po^^sible. It has been claimed that better 
closure can be obtaincfl 113* considering the rent os obliriue rather than 
transverse. This lias been adopted m persona/ cases iiit/i anciiorage of 
an}' small remammg defect direct^' into the bone surface uherever it 
raa}’ fall. Results give an improve<l muscle function, but are not coro- 
p/efe, some disahihty remaining. Gradual recover}’ over a period of 
months is the rule. It roust be appreciated that a pre-existing degenera- 
tion still remains and that these patients are generally m the latter part 
of their useful ecoaomic life. Exact estimates of return of tunctioa are 
not available. Frequently a shift of occupation has been necessarj’. 

The incomplete tendon tears require little but pentlulum exorcises and 
in later stages some form of physica) therapy Eventual return to useful- 
ness mas' be anticipated. 

PERIARTHRITIS-FROZEN SHOUTDER 

This condition, dreaded and neglcctecl b}' the clinician, has often been 
considered a severe or terminal stage of the prccoeding groups .\t present 
it is blon j}' emerging as a clmical entity. The age group la again m the 
later %-ears with a greater number of women. Occupation is not prominent 
as a factor. TJie onset is slow and insidious It first ajijicars as a mild 
aeiuog in the shoulder region, especiai)y after use. Scant altenJJon is ac- 
corded by the individual patient. Pain and limitation of motion gradually 
increase m intensit3’, reaching a clima.x in several months. At that time 
the pain is never quite as severe as in acute tendinitis It is fairlv' constant 
with the worst period at night, preventing sleep. Short remissions of pain 
for a day or two frequently occur, at which time the patient is hopeful, 
but never well. Muscle spasm about the shoulder is marked anti the ex- 
tremity is held rigidly to the trunk. Any attempt at active or pa'^sive 
motion is extremely painful and actively resisted. Forward elevation may 
remain comparatively free. This restriction of motion is based not alone 
on pain and spasm but on an adhesive ankylosis about the sliouldcr 
Tender areas are appreciated about the tuberosity and the interlubercu- 
lar sulcus. These areas mav vary somewhat in location on e.xamination 
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on different days. At its height the condition may be associated witli some 
discomfort in the cervical region and a definite scalenius spasm, with its 
clinical syndrome, brachial plexus tenderness and radiating pain into 
the extremity. A generalized swelling maj' develop in the hand and fingers 
in the more severe cases. 

The level of activity is maintained for several months when the aching 
and pain gradually subside. The restriction of motion persists, until all 
discomfort has disappeared. Pain can be produced on a mechanical basl^ 
by attempts to force motion, but it promptly subsides with rest. The 
entire process may occupy six months or a year. With increasing activity 
the adhesions gradually give way and motion returns. 

X-ray findings are negative in the early stages. Later a diffuse atrophy* 
of bone may be observed apparently on a disuse basis. 

The origin of this sjmdromc remains obscure. It appears as an inflam- 
matory process with slow origin reaching a peak and slowly subsiding. 
There are no general indications as temperature elevation, increased 
local heat or redness. There appears to be an association in many cases 
with recent cardiovascular disease. There is no association with arthritic 
changes in other joints, although both shoulders may bo involved. 

The disease is self-limiting, giving fairly complete resolution after a 
long and weary course. Surgical exploration in one group of cases re- 
vealed the adhesions to be within the joint space of the scapulohumeral 
joint. The subdeltoid bursa did not appear as the origin of the restriction 
of motion. Surgical approach from a different exposure in anotlier group 
revealed a tenosynovitis, in all stages, of the long head of the biceps. The 
findings varied from an acute fibrinous stage to a chronic adhesive. This 
was felt by these workers to be the origin of the adhesive shoulder. It 
was necessary, however, to postulate the extension through the open 
proximal sheath into the joint, to explain the restriction of motion. 
Tenderness over the tendon in the sulcus was a constant clinical finding 
in these cases. 

Treatment. — The treatment of this group has been difficult. Sedation 
in adequate dosage is necessary. Local heat appears to give some transi- 
torj' relief but has no influence on the course of the disease. X-ray is of 
no value. Immobilization gives some relief of pain in acute stages, but 
appears to favor ankylosis if long continued. Some form of obtaining and 
maintaining abduction plus graduated active exercises appears to be the 
most universal and successful mode of treatment. The methods include 
a sling attached to the head of the bed with the slumping of tlie patient 
providing a gradual elevation of the extremity. Adliesive traction with 
gradually increasing angle of pull has been satisfactorj*. Manipulation 
^ith or without anesthesia to rupture adhesions has been widely used. 
A general feeling persists that these measures require hospitalization, 
s the acuteness subsides graduated exercises are inserted into the rou- 
ine. Discharge is not permitted until a fair amount of painless motion 
IS secured. The exercises are continued for long periods following the 
hospital discharge. 
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Sucli procedures appear successful in relieving the acute pain and 
shortening the course of the di’sease, more especially the period of resolu- 
tion. However, tiiey are not uniformly satisfactory. Frequent attention 
and sound understanding by hospital and attendants are necessary for 
this type of traction. Too often it degenerates into a meaningless com- 
bmation of ropes and pulle>'S and results are poor. Manipulation requires 
judgment. If it is performed during an acute phase, the inflammation 
may be increased and no benefit secured, in fact, the disease may be- 
come worse. Pain is more severe, ankylosis more rapid and no form of 
exercise can be tolerated. The sound principles knoivn for manipufations 
generally, nith repeated episodes rather tivan one too severe, must be 
folloived. At best several daj’s of increased pain and spasm may be antici- 
pated TWs may be combated by the use of injection of a local anes- 
thetic at the time of manipulation, with hot packs afterwards. 

It 13 wortfi3' of note that among those favoring tenosynovitis of the 
tendon of the biceps as the origin, dii'ision of this tendon and remserUon 
into the humerus is said to give prompt relief in resistant cases Results 
are incomplete as yet in this line of thought. 

SUMMARY 

It IS to be remembered that the painful shoulder as a group is painful, 
disabling and long-lasting Eventual return to & fair degree of usefulne-ss 
by resolution and compensation is likely m the large majority of cases 
^Vo do not see cases with histories of loss of function extending over many 
years. The very elderly would be expected to sliow the final ravages of 
the painful shoulder, but m general they do not. A satisfactory adjust- 
ment lias been made. 

Surgery appears to offer the best results in many instances. A careful 
balancing of the age group of these patients, their frequent cardiovascular 
associations, the degeneration of the parts invoh'ed and their remaining 
economic usefulness must be made against the e.xpected results of surg- 
ery’. It does not appear as a field for wholesale cutting. A careful report 
as to surgical results from the angle of industrial compensation would 
be useful. Many of this group appear in industry'. 

* * m 

Tliis entire paper is presented as a summary. It is hoped that the 
interest of the many’ workers in this field will continue, in order that the 
clinician may have more to offer his patients. 



ACUTE AND CHRONIC BURSITIS IN THE REGION OF THE 
ELBOW JOINT 

James K. Stack, M.D., FA.C.S.* 


OLECRANON BURSITIS 

When we are confronted with lesions of the bursae about the elbow 
joint, the one stmeture that comes to mind first of all is the olecranon 
bursa. This is a confined sac containing lubricating fluid which lies be- 
tween the skin over the posterior surface of, the elbow and the aponeurosis 
of the triceps tendon as it attaches to the olecranon process of the elbow 
This bursa is particularly vulnerable because of its superficial location 
and is frequentlj* injured by blows on the tip of the elbow. It is spoken 
of as “miner’s elbow,” because in their occupation, miners strike the tip 
of the elbow against the walls of the shaft in which they arc working. 
In this regard it is akin to “housemaid’s knee.” 

Symptoms. — ^Following a blow of the elbow against a solid surface there 
will frequently develop an efitision about the size of an egg over the 
olecranon process, and the patient will usually have experimented w'lth 
hot packs and the like for a day or two before he seeks treatment. The 
egg-shaped swelling wWl be fluctuant but not particularly tense, and pain 
will be elicited only on deep palpation of the area. Seldom will there bo 
any limitation of fle.xion or extension of the elbow and usually no limita- 
tion at all of supination and pronation of the forearm. The patient’s 
principal complaint will be localized tendemes? and the fact that there 
is an unsightly swelling over the posterior surface of the elbow joint. 

Treatment.— The first move is the aspiration of the swelling to deter- 
mine what its contents arc. Usually an ordinary hj^odermic needle pre- 
ceded by a wheal of novocain will suffice to aspirate anj'^’hero from 0 to 
20 cc. of fluid. In the acute traumatic situation this fluid udll be definitely 
bloody. In the more chronic situations it u-ill be amber colored, similar 
to the fluid that is aspirated from any other chronically inflamed bursa 
or joint. After the aspiration has been accomplished the bursa will flatten 
and by the simple expedient of the application of a pressure dressing 
many of these bursae will not refill uith fluid. However, in the applica- 
tion of this dressing it is important not to have it so tight that it will 
make the patient uncomfortable or obliterate the radial pulse. Many 
patients to whom the bandage has been applied too tightlj' will complain 
of swelling of the lower forearm or UTist and hand ; this can be prevented 
simply by a moderate application of the pressure in the first place. In 
a number of such patients there will be a minor recurrence of the effusion 
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in three to seven days following the original aspiration, and if this occurs 
a second aspiration is necessary, and maybe a third or fourth. By re- 
peated aspirations and the application of firm but not excessive pressure 
the bursal swelling ivill be controlled and the bursitis ivill be cured 
Hoive^’er, m a certain number of patients in wliom repeated trauma 
occurs, especially those who lean on their elbows in their occupation, or 
knock their elbows m the course of their labors, this acute phase wiU 
develop into a chronic villous type of bursitis, which will be cured only 
by excision of the olecranon bursa. This excision can very well be accom- 
plished under local anesthesia, although general anesthesia is preferable 
if one is to use a blood pressure cuff on the arm in order to obtain a blood- 
less field 

Techmc of Operation . — The method of choice is a transYCTsc semWunac 
incision with the pedicle of the fiap proximalward. The skin over the 
olecranon process is then rcfiected proximally and the bursa will be seen 
immediately. The wall of the bursa must be dissected from the underlying 
subcutaneous fat of the skin flap very carefully, so as not to “buttonhole” 
the skin. The deeper layer of the bursa can then be dissected from the 
oponeurosis of the triceps tendon over the olecranon process, by sharp 
dissection. Usually it is impossible to remove the sac without opening 
it, and in the event that it has to be removed piecemeal one should look 
carefully for the various elements of lining that may be attached to the 
triceps aponeurosis or to the subcutaneous fat. The elbow joint is not 
entered during this procedure and it is not necessary to isolate and re- 
tract the ulnar nerve, as the elements of the bursa do not project into 
the fossa of the ulnar nerve between the olecranon process and the medial 
epicondyle of the humerus Closure is accomplished by simply placing 
a few subcuticular stitches and then closing the skin and applying a pres- 
sure dressing from the hand to the midarm and making sure that the 
arm is kept elevated during the forty-eight hours immediately following 
operation After this time raoveraent should be encouraged in the elbow, 
and at the end of ten days or two weeks there should be no residual limi- 
tation of motion, nor re.«idual sivclling about the joint. 

There are other situations, however, in which the olecranon bursa will 
develop fluid, either a simple effusion of amber colored bursal fluid or 
even bloody fluid, spontaneously, and in such situations one must suspect 
the various vitamin deficiencies or the blood dyscrasias. Patients who 
have gout can also develop spontaneousattacks of bursitis but this should 
be diagnosed easilj’ when on aspiration one notes that the contents of 
the bursal sac are ivlute or chalty in appearance and, under the micro- 
scope, the crj’stals of sodium monourale can be seen in the fluid after 
it has been centrifuged 

RADIOHITMERAL BimSITIS (TENNIS ELBOW) 

The other common bursal disability about the elbow joint is the so- 
called radiohumeral bursitis. The radibhumeral bursa is located between 
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the tendons of the extensor muscles of the elbow on the posterolateral 
surface of the joint, and the capsule of the elbow over the point where 
the head of the radius articulates wth the capitellum of the humems. 
This bursa is not a constant one, and many investigators have failed to 
find a well-defined bursa at this point in all specimens dissected. How- 
ever, since it is a common enough lesion and responds to the same treat- 
ment as do those bursae in other parts of the body we may assume that 
in many persons the bursa does exist. The common disability of the elbow 
spoken of as “tennis elbow” may be due to an inflammation of the radio- 
humeral bursa but that is not necessarily so ; and the fact that this syn- 
drome knou*n as tennis elbow has had so many names over so many years, 
makes it difficult for us to outline the various points in diagnosis and in 
treatment. S 3 ’non 3 ’mous terms arc frequenth' found in medical u-ritings 
— epicond 3 ’litis, epicond 3 ’lalgia and radiohumeral bursitis. However, 
the}' are all grouped in the general diagnosis of tennis elbow, which is 
not a good term in the sense that it is not at all e.\act, an\* more than 
football knee is an exact diagnosis, because there are man}- stmctiires 
about the elbow, just as there are man}' structures about the knee, that 
can be injured and give somewhat similar symptoms and physical find- 
ings. 

Unfortunately, the .x-ra}' is not particularly helpful in most of these 
instances, because the tissues that are involved, wliother the}' be bursa 
or tendon or joint capsule or periosteum, arc not opaque to x-ray and 
cast no significant sliadow on the film. However, I think that we should 
emphasize one of the lesions that frequently masquerades under the 
general caption of tennis elbow, and while it may be a bursitis frequently 
does not respond to any form of treatment to which a bursa would be 
expected to respond. 

Differential Diagnosis. — Fortunately for the clinician it is not always 
necessar}' to make an e.xact differential diagnosis between these various 
lesions that occur on the posterolateral surface of the elbow joint, but 
the various possibilities should be kept in mind, particularly if the lesion 
fails to respond to the ordinarj' conser\'ative treatment, which is rest, 
heat in the form of diathermy, sling immobilization or cast immobiliza- 
tion. 

The importance of S}'noviaI involvement should be mentioned in a 
discu^ion of this t}’pe. These lesions can produce an unusual amount of 
disability. Patients wll complain of pain and tenderness (Fig. 79) which 
will be accentuated by grasping an object or making a fist, particularly 
^^^th the elbow and mist extended and the forearm pronated, as illus- 
trated in Fig. SO. Weakness will develop and patients will state that 
they are dropping objects such as a cup or a glass or a razor ; others will 
have difficulty in performing the finer movements of the hand and fore- 
arm, such as buttoning a shirt or tjdng a tie, knitting, sewing and the 
like; others will note that their writing is changing due to a shift in the 
mchnation of the pen or to slight necessarj- alterations in the power of 
the stroke, and still others ^viiI note that there is a grating or grinding 
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sensation in the region of the elbow, particutarly on supination and pro- 
nation of the forearm. This can be brought out wlien the patient is asked 
to supinate the forearm against the resistance of the hand of the exami- 
ner. Tills maneuver closes tbo space between the head of the radius and 
the capitellum of the humerus because of tlie strong contraction of the 
brachial radialis muscle. The presence of such crepitation should there- 
fore arouse suspicion that the lesion is in the elbow joint proper rather 
than in the bursa or in the tendons outside the elbow 
The actual existence of a radiobumeral bursa is questioned by many 
and tlierefore radiohuraeral bursitis as a cause of this clinical picture 
may not be as important as is commonly thought. The bterature nil! 
shoir that there hai’c lieen wan}’ di&seetions of tJie elhoiv joint made 
without any actual finding of a definite bursa m this region, and certainly 
we have never seen in the operating room an unquestionable well-defined 



and the iniectioa placed at that point 

bursa with endothelial lining and fluid lying between the capsule of the 
elbow joint over the head of the radius and the overljing e.xtensor tendon 
of the \nist and fingers. However, it has been described in its inflamed 
state as a small, pea-sized mass of granular and areolar tissue and fat, 
lying deep to the conjoined tendon, and for those mlerested in reading 
about this subject, Osgood’s article is recommended. This article w'as 
written about his own elbow’ which had given him trouble for many 
many months and ivhich was finally completely relieved by the incision 
and curetting away of this so-called buisal or granulomatous mass lying 
between the head of the radius and the tendon structures external to it 
The intra-articular aspects of radiohumeral bursitis or tennis elbow 
are those that are most frequently neglected in the differential diagnosis, 
and those are the ones that are least likely to respond to consen-ativc 
treatment and the most likely to recur after an apparent cure. Tlie 
synovial lining of the capsule (rf the elbow’ in the region of the radio- 
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humeral joint is redundant, as it must be to accommodate both the 
flexion and extension and the rotatoO’’ movements of this joint. This 
redundancy may be not onlj’ on the lateral aspect of the capsule, but 
also present in the sjmovial fringe that invariably covers a portion of the 



Fig SO. — ^Teat used to make the dlagoosis of radiohumeral bursitis, radio- 
humeral sj’uovitis, or epicondylitis or cpicondylalgia involving the origin of the 
evtensor muscles of the forearm in the region of the lateral humeral condyle. In 
the upper figu— '* • .... 

the forearm si 
to raise this t 

tension is placed on the structures about the lateral condj’le of the humerus, and 
it produces the pain and neahness responsible for the inability to perform this 
particular motion. 

quadrate ligament. It can be seen, tlicn, that excessive extension of the 
elbow, combined with the grasping motion of the hand, leads to an ap- 
proximation of the head of the radius and the capitcllura of the humerus. 

ith the arm and the hand relaxed the head of the radius does not touch 
the humerus and it is in this space, when closed by the prescribed activ- 
ity, that pinching of the synovial fringe will occur. The result of repeated 
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insults to this membrane \vill of courae be hyperemia with subsequent 
thickening and villous formation as illustrated in Bgure 81 . This mech- 
anism and the result are very similar to the condition that occurs occa- 
sionally in internal derangement of the knee ; for instance, papilloma may 
occur following constant repeated injuries to the synovial lining of this 
joint, and we know that redundancy of the fat pad m the knee can be- 
come impinged and produce a definite locking and recurrent hydrops, of 
the knee. 

Another of the intra-articular lesions which may simulate radiohumeral 
bursitis or tennis elbow is the fraying of the orbicular ligament surround- 
ing the head of the radius, by attrition or by specific manner The cor- 



Fig SI — The hypertrophic edematous type of synovial membrane that is en- 
countered in those instances in which this particular syndrome is due to pinching 
of redundant synovial tissue between the head of the radius and the capitellum 
of the humerus 

onary ligament may also be frayed and semi-detached and then caught 
between the head of the radius and the capitellum in the movement of 
flexion and extension of this joint. There ha\-e been papers suggesting 
tliat this condition will clear up without therapy of any kind in about 
nine months, provided the particular movement which causes the pain 
IS avoided On the other hand, there are other reports to indicate that 
such pain may be present for as long a period as twenty years. It is our 
practice, however, to begin treatment immediately after the diagnosis 
IS made, and conservative measures are tried for a reasonable period, 
say about four weeks.^e have used ample sling immobilization in some, 
combined Avith heat in the form of hot packs or diathermy; in others, 
1 per cent novocain solution has been injected into the tender area, if 
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need be a number of times, and if the presence of an inflamed bursa be- 
tween the conjoined tendon and the capsule over the radial head is sus- 
pected, this area is thoroughly needled in a manner similar to that used 
in treatment of the so-called subdeltoid bursitis. Others will respond to 
complete immobilization in a light plaster cast extending from the middle 



Fig. S2. — X-ray illustrating calcification which Bometimes occurs along the 
course of the origin of pain on the lateral side of the humerus and it is alleged to 
occur also in the radiohumcral bursa i inch or so more distally. However, this 
calcification as seen here is much more typical than that which occurs in the radio- 
humeral bursa. It is akin to the calcification that occurs in the tendon substance 
of the rotator cuff of the shoulder and responds as a rule to the same treatment, 
such as needling under norocaine anesthesia, which breaks the calcium mass up 
into fine particles and hastens its ultimate absorption. 

third of the arm to the distal flexor crease of the palm, with the elbow 
in 90 degrees of flexion and the forearm in a neutral position with the 
wrist modcratelj’ dorsiflexed. The majority of patients who have had 
the diagnosis of radiohumcral bursitis or tears of the conjoined tendon 
with periosteitis will get well following the use of any or all of these con- 
servative measures. However, those who do not make a complete re- 
coverj' without recurrence, should then be suspected of having intra- 
articular involvement such as radiohumcral synovitis, and it is in these 
patients that surgical treatment is recommended. 
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Technic of Operation. — ^The operation consists of an incision about 
5 cm. long made in the line usually chosen for the approach to the head 
of the radius. It is best to do this m a bloodless field, and if the patient 
can stand the pressure of a blood pressure cuff up to 280 or SOO mm. of 
mercury, then local anesthesia can be used. If the patient’s tolerance to 
this compression is questionable, then a general anesthetic should be 
used, because a bloodless field wUI certainly facilitate the operative 
procedure. The conjoined tendon is incised longitudinally and resected, 
and the area contiguous to the radiohumeral joint capsule is then in- 
spected thoroughly for the presence of a bursa. The joint capsule is 
opened and under direct visualization the forearm is flexed, extended, 
supinated and pronated. It ia during this maneuver that the thickened 
and redundant synovial membrane or the frayed and detached portion 
of the orbicular ligament comes into vioiv. The offending tissue can be 
removed without difficulty. It is our thought that failure to open the 
joint and inspect it for such intra-arlicular conditions will be the cause 
of failure to cure any patient with a persistent or recurrent tennis elbow. 



THE NEUROLOGICAL ASPECTS OF DEFORMITIES 
OF THE SPINE 


Paul G. Bucy, M.D., F.A.C.S.,* and Robert F. Heimburger, M.D.f 

Deformities of the spine, particularly scoliosis, are not infrequently 
associated with disorders of the nervous system. In many instances, 
however, the underlying or associated neurological disease is not appar- 
ent or is overlooked. In still other instances it may be suspected but be 
unsusceptible of absolute proof. In many of these latter situations it is 
necessary to apply the unsatisfactory appellation of “idiopathic scolio- 
sis.” In order that the relationship existing between these associated 
abnoimalities of the nervous system and of the vertebral column may 
be understood, various aspects of this complex problem will be revieived. 
It is necessary that the general practitioner, the orthopedic surgeon and 
the neurologist appreciate the many ramifications of the subject in order 
that they may deal as intelligently as possible with the orthopedic prob- 
lems, and that they may not overlook any obscure neurological disorders 
which require independent treatment. 

The nature of the association of neurological disease and spinal de- 
formities is multiplex. These relationships may be classified as follows; 


1. Independent, associated congenital anomalies 

2. Neurological disease secondary to spinal deformity: 

(o) Tuberculous or other spinal infections 

(6) Neoplasms of the spine 
(c) Paraplegia resulting directly from scoliosis 
3 Spinal deformity resulting from neurological disease: 

(a) von Recklinghausen’s neurofibromatosis 

(b) Intraspinal extradural cysts 

(c) Intraspinal neoplasms 

(d) ' Progressive muscular dystrophy 

(e) SjTingomyelia 

(/) Friedreich’s ataxia. 

(?) Anterior poliomyelitis 

SCOLIOSIS AND DISORDERS OF THE NERVOUS SYSTEM AS ASSOCIATED 
CONGENITAL ABNORMALITIES 


It is not uncommon for congenital abnormalities of the nervous system 
to be associated with somatic malformations which are neither the result 
of nor the cause of the neurological involvement. Such association exists 
because some unfavorable influence acting upon the entire organism has 
arrested or interfered with the normal development of different parts of 
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the body at the same time. Thus it is not uncommon to find a meningo- 
myelocele in the lumbosacral region associated with a forked rib, a horse- 
shoe kidney, a harelip or a hjiiospadias (Bucy*). Similar or other mal- 
formations of the spinal cord maj' also be associated ^\^th deformities of 
the spinal column due to hemivertebrae In the case reported below 
several hemivertebrae were pre.sent, causing a scoliosis in a patient who 
suffered from a disturbance of the sympathetic innerv’ation m that region 

Case I — Exetsstve srvealing left aide of face and left upper eitremily for eight 
years. Scohosis secondary to hemivertebrae and spina bijida of lower cervical and 
upper thoracic spine. Stellate ganglwneclomy uit/i cessation of abnormal sweating 

M. S , a 13 j’ear old girl, was admitted to the University of Chicago Clinics on 
October 20, 1937, because of excessive sweating of the left side of the face and 
the left upper extremity At the age of 51 years she had had three periods of un- 
consciousness without convulsions At that time her parents first noted that the 
left side of her face and her left arm and hand perspired more than did the other 
parts of her bodj’ This continued, until at the age of 10, after she had recovered 
from pneumonia, the sweating ujereosed, without any alteration m its distribu- 
tion It was also noted that the sweatmg increased with excitement and that the 
left band was alwaj’s wet and colder than the right one There was no marked 
seasonal variation in the sweating but she did not sweat as much when asleep 
Decause of this e.\cessive perspiration it was almost impossible for her to keep her 
face clean Dirt clung to it, and it was streaked lo appearance The excessive 
sn'eat quickly soiled her dresses and they soon rotted Because of this annoying 
condition she refused to take pari in any social activities and was rapidly becom* 
mg a recluse 

Bxaminaiton — The left pupil was constantly larger than the right The left 
side of the face and the left axilla, arm and hand all perspired freely At times the 
perspiration literally ran down her face and dripped from the left side of her jaw 
and chin (Fig. S3), The left hand was slightly edematous and cyanotic The skm 
temperature in these involved areas was 1 to IJ degrees (F ) cooler than corre- 
sponding areas on the other side of the body Rlicroscopic studies of the capil- 


i\as a marked scoliosis of the lower ccrxical and upper thoracic spine mth the 
convexity toward the left (Fig. 84). The left trapezius muscle was considerably 
smaller than the right, and the left grasp was slightly weaker There were no 
alterations in TeSe^es or in sensation The blood pressure was 110/S2 on the left 
and 114/92 on the right The examiiwtion was otherwise negative. Blood count 
was normal 
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Opcration.—Oa November 4, 1937, the entire stellate sympathetic ganglion 
and the second thoracic ganglion were removed from the left side by a posterior 
approach through the bed of the second rib. 

Postoperalive Course. — Immediately after operation the area which had pre- 
^^ously been the site of severe hj^ierhidrosis was dry and warm (Fig. 85), and 
plethj'smographic studies were almost identical in the two hands. There was a 
left Horner’s sjTidrome. The patient has been seen from time to time since, the 
last occasion being on November 13, 1947, ten j'ears after the operation. The left 
side of the face and the left upper extremity were still dry. There was moderately 
excessive perspiration along the lower bowler of the sjTnpathectomized area, i.e., 
in tlie axilla and along a line across the upper client, both in front and in back. 



Fir. S3 Fig. &1 

Fig. 83 (Case 1). — There is a marked h>'pcrbidrosi3 of the left side of the face 
and neck. The scoliosis is also evident. 

Fig. 84 (Case 1). — The spinous processes of the vertebrae have been marked 
with ink demonstrating the scoliosis. 

The Horner’s syndrome was stiU present but was hardly noticeable on casual ob- 
serx’ation. The scoliosis was likewise still present but was almost perfectly com- 
pensated. The patient has lived a normal, active, hai)py life ever since the opera- 
tion and is now married. 

Commcnl . — The patient’s chief complaint, localized hyperhidrosis, 
seems obviously to have been the result of a hyperactivity of the sym- 
pathetic nen’ous system in the cendcothoracic region on the left side. 
The fact that the skeletal system was distorted b}' a congenital mal- 
formation in this same region can hardly have been mere coincidence. 
Nor is there any reason to believe either that the deformity of the spine 
was responsible for the hjiseractivity of the nerx'ous system or that the 
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abnormality of the nervous system had produced this congenital mal- 
formation of the spine. Rather, it seems very likely that two malforma- 
tions occurred in the same region, independent of each other except that 
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Fig ^ (Case , Pewpersii*^ The pstceat has bees psiate<i n-ithsa ladtae 
compouad and thea dusted with starch The bypcrhidrosia of the left side of the 
fire neck and upper chest and of the left upper extremity have moistened the 

*'■ The patient has 
starch and then 
spire. The former 
Jt mil be noted, 
lathetic denerva- 


bnfh xvere doubtless the result of the same unknown etiological factor. 
’ ■ ■ • ' '■ was the 

although 
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the part removed appeared normal microscopicaUy) or of the portions 
of the spinal cord related to the sympathetic system. 

NEUROLOGICAL DISEASE SECONDARY TO SPINAL DISORDERS 
Tuberculous Spondylitis.— Neurological disturbances as the result of 
disease and deformity of the spine are seen most often with tuberculous 
spondylitis or Pott’s disease. Here the spinal deformity is usually a ky- 
phosis, seldom if ever a scoliosis. Furthermore, the dysfunction of the 
spinal cord which develops in some cases is only rarely the result of the 
spinal deformity itself. In those c-xceptional instances in which it is, care- 
ful inquiry usually determines that the deformity of the spinal column 
was suddenly and markedly increased. Such sudden alterations in the 
spinal deformity usually occur as the result of trauma. In those cases the 
spinal cord is already drawn fairly tautly across the apex of the vertebral 
deformity; any sudden increase in the deformity, and thus in the com- 
pression of and tension on the spinal cord, is more than the nervous 
tissue will tolerate, so that paralysis and sensory changes result. It is, 
however, rather surprising how rarely dysfunction of the spinal cord 
arises solely from distortion and compression resulting from the deforma- 
tion of the spine. Usually the kj'phosis develops slowly and gradually, 
and the spinal cord tolerates such distortion very well. It is not uncom- 
mon for patients whose spines are bent almost double to have no neuro- 
logical abnormalities whatever. The following case is illustrative of a 
large group of similar patients. 

Case II. — Severe deformity of Ike thoradc spine uilhoxd any evidence of involve- 
ment of t)ie spinal cord. Hospitalized because of left acomtic neurinoma, which was 
removed successfully. 

I. J., a 43 year old woman, was hospitalized on November 4, 1944, complaining 
of blurring of vision of eighteen months’ duration, of headaches for six months, 
progressive deafness and unsteadiness of gait for five months, and numbness of 
the left side of the face and tongue for three months. A deformity of the back in 
the thoracic region had been noted in early infancy and had gradually increased 
in severity. Use of traction to relieve the deformity had been advised during early 
childhood, but this treatment was never carried out. There were never any 
sjTnptoms related to the kj'phosis, apart from the deformity. 

Examination. — On admission the patient weighed 62 pounds, compared T\ith 
her usual weight of 69 pounds. She was vety short, and there was marked de- 
formity of the chest and thoracic spine resulting from a kj’phosis in that region 
_{Fig. S6), ^ith marked prominence of the sternum and the thoracic spine bent 
into a hairpin curv’e. There were the neurological changes commonly associated 
with a tumor in the left cerebellopontine angle: papilledema, nj’stagmus, di- 
rninished left corneal reflex, left facial paralj^is, and deafness and diminution in 
the responses to caloric tests in the left ear. Gait was unsteady, but there were no 
evndences of involvement of the ;^inal cord: sensation, muscular strength and 
refie.x actinties u ere all normal in the lower extremities and below the level of the 
spinal deformity. 

^aenlgenoyrams. — ^X-raj’ examination of the spine revealed a severe kj’phosis 
of the thoracic spine resulting from e.vtensiv’e destruction of the bodies of many 
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of the ioH’er thoracic vertebrae (F^. 86) The tiioracic spine and the lumbar spine 


Operalwn — On Xo\'embcr 9, }9t4, a lat^e muUilocular cj*6tic acoustic neu- 
rinoma n-as remoTCil Ilie patient made a satisfactory recovery from tiie opera- 
tion and was dL'cluarged from the hospital Decembers, 1944 



A B 

Fig SO (Case ID —.4, Tubcrcuious apondyhtis Lateral roeatgenogram of the 
spine demonstrating the wry severe kyphosis with marked destruction of the ver- 
tebral bodies at the apex of the kj-phos Kote the marked eJoogalion of the lum- 
bar vertebral bodies S, Artists sketch to indicate the site and extent of the ver- 
tebral defarnuty. 

Comm^nl . — The kyphosis in this patient has been interpreted, both by 
the clinicians who examined her and by the roentgenologist, as due to a 
tuberculous infection of the spine. There is of course no positive proof of 
that etiologic diagnosis, and the possibility cannot bo denied that this 
spinal defonr' ’ ' > «- • . 1 ' les of 

the spine by . vhich 

is discussed v . . ' Bis- 

ease. This latter possibility must receive particular atlention in this case, 
in \dew of the discover}' of an acoustic neurinoma in the left cerebello- 


of the spinal cord, wthout aaj* evidence of neurological dyshinction. 
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Tuberculous Intraspinal Granuloma* — ^In most cases in which Pott’s 
disease is associated with manifestations of dj'sfunction of the spinal 
cord, the neurological disorder is the result of compression of the spinal 
cord by an extradural tuberculous granuloma arising from and at the 
level of the infection of the vertebrae. These granulomas encircle and 
constrict the spinal cord, giving rise to a paraplegia and, loss of sensation 
below the level of the lesion. Because of the encircling nature of these 
lesions, as well as the fact that vascular changes within the spinal cord 
commonly result from them, laminectomy and decompression of the 
lesion and the spinal cord seldom gives beneficial results. Less commonly 
cold abscesses may appear in association with Pott’s disease and com- 
press the spinal cord. Such abscesses not infrequently communicate with 
even larger collections of pus in the thoracic cavity and the paravertebral 
tissues. Evacuation of these collections of pus often produces dramatic 
improvement in the manifestations of the compression of the spinal cord. 

Pyogenic Infections. — Pyogenic infections may also be associated with 
collections of pus or of granulation tissue in the spinal canal, with result- 
ing compression of the spinal cord and paralysis of the legs. However, 
such disorders usually develop much more rapidly and are not commonly 
associated with any deformity of the spine at the time of the acute com- 
pression of the spinal cord. Later, after some of the vertebrae have been 
destroyed and the neurological symptoms have either been relieved or 
become permanent, a deformity of the spinal column may appear. 

Neoplasms of the Spine. — It is not uncommon for neoplasms which 
arise in the vertebral bodies to produce deformities of the spine and to 
extend into the spinal canal, compressing the spinal cord. Myelomas 
and giant cell tumors of the spine are the primary neoplasms which do 
this most commonly ; metastatic carcinomas may also do so. The spinal 
deformity thus produced is usually a kyphosis and the clinical picture 
develops fairly rapidly, making this situation of little importance either 
in elucidation of the pathogenesis of scoliosis or in the differentiation of 
. “idiopathic” scoliosis from scoliosis arising as the result of neurological 
disease. 

Paraplegia Resulting Directly from Scoliosis. — As already noted in 
the discussion of the effects on the spinal cord of the kyphosis resulting 
from Pott’s disease, deformity of the vertebral column of and by itself 
rarelj' so affects the spinal cord as to interfere with its function. There 
arc, however, exceptions to this rule. Sachs** reported one of the earliest 
cases of this tj'pe recognized in America. He found the spinal cord and 
tliiral sheath to be vcr>' much thinned out and to be compressed sharpl.v 
against the apex of the spinal deformity. Incision of the dura mater and 
relief of the compression of the cord by the layer of dura mater lying on 
the convex side resulted in Improvement of the patient’s condition and 
return of his ability to walk. 

McKenzie’® reported a similar case in an 18 year old boy, with opera- 
tion resulting in complete recoverj’. Recently McKenzie” has seen and 
operated on still another patient with this unusual disorder. Viets and 
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Clifford'^ reported another such case in an IS year old boy, whose scolio- 
sis was the result of an attack of anterior poliomyelitis at the age of 3 ; 
the paraplegia began at the age of 17. Operation resulted in improvement 
and ability to walk, but some spasticity and reflex alterations still per- 
sisted. In a rev'iew of the literature they found eighteen ca.'es in which 
paraplegia was thought to have been a direct result of scoliosis produced 
b}’ various primarj’ cau'^cs. They advised lammectomj' and decompres- 
sion of the spinal cord liuhhn and Albert** reported seven ca.=e3 of this 
kind Thej’ noted that conserwitivc (noni^rativc) treatment did not 
arrest or improve the sjTnptoms. In fact, paraplegia developed in one 
case while traction was being applied in an effort to correct the scoiio'is. 
They also noted that spinal fusion did not arrest the progress of the neu- 
rological ilisturbance. Laminectomy was yierformed on five of their pa- 
tients, with improvement in four. Heyman* reviewed the literature and 
found twenty-eight eases of this type, 74 per cent of them in males. Con- 
servative treatment resulted in improvement in only 20 per cent of the 
cases. Ten patients were operated on, with satisfactorj' recovery in CO 
per cent, partial recoveiy m 30 per cent, and one death The operation 
consisted of laminectomy with mcision of the dura mater so as to relieve 
its compression of the spmal cord. Ford* mentions hamg seen several 
cases of tins tj^pe and gii'os the details of one This was a 17 year old girl 
who had a 'coliosia, apparentlj* resulting from neurofibromatosis Para- 
plegia developed during the two weeks of appl/eation of tractiaa to the 
spine jn an effort to correct the scoliosis. A laminectomy produced no 
improvement This case and the similar one reported by Ruhlin and Al- 
bert sen'o two purpo-^s Thej* constitute a warning of the dangers of 
trj’ing to correct a scoliosis by traction, which many orthopedic surgeons 
concede is without benefit, and here is definite evidence as to its danger. 
Tliey also help to e.vplain the development of paraplegia in these pa- 
tients, ^lovt person^’ mth scoliosis go through life without neurological 
involvement, despite thr severe distortion of the spine and of the spinal 
corti Furthermore, mo&t of them have hail the spinal deformity for years 
without any evidence of neurologic.'il disorder. It appears that if the 
scolio'sjs develops graduallj* and is not -^riously disturb^ in a short period 
of time the spin.*!! corrl withstands the deformation without producing 
sj-mptoras. However, the amount offeeivayisdoubtlessshglif Thespmal 
cord and its enveloping dura mater are drawn tautly over the vertebral 
prominence. If the relat lonsbips a rcmaterially and suddenly disturbed, as 
by traction in these cases or by accidental injurj' to the spine in some of 
the others, the spinal cord may not be able to withstand the added 
strain, its blood supply may also be interfered with, and paralysis and 
loss of sensation result It should be reiterated that such cases are very’ 
uncommon among the thousands of persons with scoliosis and that 
immediate laminectomy and incision of the dura mater give the greatest 
promise of improvement. 
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SPINAL DEFORMITY RESULTING FROM NEUROLOGICAL DISEASE 

i\Iany different neurological diseases so affect the spinal column or its 
musculature as to result in deformity, and in many instances the neuro- 
logical disoidcr is not readily apparent. Unless one is aware of the possi- 
bility and bears it in mind, the fundamental neurological disease is likely 
to be overlooked in such cases, particularly in scoliosis arising from in- 
volvement of the vertebrae by von Recklinghausen’s neurofibromatosis. 

Scoliosis of the spine also commonl3'^ occurs with three well knoum dis- 
orders of the spinal cord. S^’ringomj'elia and Friedreich’s ataxia are al- 
most inv’ariabl}' accompanied b\’ this type of spinal deformitj’; anterior 
poliomyelitis results in scoliosis only when it causes an asj’mmetrical 
\ceakness of the spinal musculature in a 3'oung growing individual. These 
and other diseases of the spinal cord ai-c discussed in the following pages, 
with illustrative cases. 

Von Recklinghausen’s Neurofibromatosis. — Weiss’* and Brooks and 
Lehman’ have pointed out that scoliosis not uncommonly occurs as a 
complication of this diffuse disorder of the nervous S3'Stem, but we do 
not agree with them that scoliosis is almost always present with this 
disease. Neurofibromatosis is a congenital disorder characterized b3’’ pig- 
mented areas and pendulous tumors in the skin, subcutaneous nodules 
and tumors of the peripheral and S3'mpathctic nervous s3'stems, tumors 
and malformations of the central nervous system and deformities of the 
skeletal S3'stem. The bon3’’ abnormalities arc frequently C3'stic and have 
been interpreted by some observers as resulting from neurofibromas in 
the periosteum and within the bone itself. In any event primar3’ dcstnic- 
tive lesions may appear in the vertebrae, giving rise to scoliosis. In other 
cases Brooks and Lehman thought that the scoliosis resulted from in- 
equalities in the length of the legs which had been produced b3' neuro- 
fibromatous interference with growth at the epiphyseal lines of the long 
bones. 

Among the man3’ manifestations of v'on Recklinghausen’s neurofibro- 
matosis are acoustic neurinomas. For that reason, as was noted earlier, 
the severe k3’phosis present in Case II ma3’- liave been the result of this 
disease rather than of tuberculosis as was original^’ suspected. 

Intraspinal Extradural Cysts. — In 1937 CJoward and Buc3'* described 
another neurological abnorraalit3’- which is commonl3' associated with 
deformit3' of the spine — spinal extradural C3’sts. Those are found most 
commonly in the thoracic region of the spinal canal, although c.xceptions 
to this have been soenh The3’- appear to be congenital outpouchings of 
the arachnoid membrane which penetrate through the spinal dura mater. 
They usualb' lie posterior^' to the dural sheath and are filled with cere- 
brospinal fluid. They communicate with the intradural space by a narrow- 
neck which ma3' be occluded at the time of operation or ma)’ still be pa- 
tent and connect the C3’st with the spinal subarachnoid space. They 
compress the spinal cord and give rise to a slowb’ developing spastic para- 
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Clifford'* reported another such case m an 18 year old boy, nhose scoho- 
sis was the result of an attack of anterior poliomyelitis at the age of 3; 
the paraplegia began at the age of 17. Operation resulted in improvement 
and ability to walk, but some spasticity and reflex alterations still per- 
sisted. In a review of the literature they found eighteen cases m which 
paraplegia was thought to have been a direct result of scoliosis produced 
by various primary causes They advised laminectomy and decompres- 
sion of the spinal cord Ruhlin and Albert'* reported seven cases of this 
kind. They noted that conservative (nonopcrative) treatment did not 
arrest or improve the s^miptoms In fact, paraplegia developed m one 
case while traction was being applied m an effort to correct the scoliosis. 
They also noted that spinal fusion did not arrest the progress of the neu- 
rological disturbance, laramectomy ivas performed on five of their pa- 
tients, with improvement in four Heyman* reviewed the literature and 
found t\\ enty-eight cases of this type, 74 per cent of them in males Con- 
servative treatment resulted m improvement m only 20 per cent of the 
cases. Ten patients were operated on, with satisfactory recovery in CO 
per cent, partial recovery in 30 per cent, and one death. The operation 
consisted of laminectomy ivith incision of the dura mater so as to relieve 
Its compression of the spinal cord. Ford* mentions having seen several 
cases of this type and gives the details of one This was a 17 year old girl 
who had a scoliosis, apparently resulting from neurofibromatosis. Para- 
plegia developed durmg the two weeks of application of traction to the 
spmc in an effort to correct the scoliosis. A laminectomy produced no 
improvement This case and the similar one reported by Iluhlin and Al- 
bert serve two purposes They constitute a warning of the dangers of 
trying to correct a scoliosis by traction, which many orthopedic surgeons 
concede is without benefit, and here is definite evidence as to its danger. 
They also help to explain the development of paraplegia m these pa- 
tients. Most persons with scolio.«i5 go through life without neurological 
involvement, despite the severe distortion of the spine and of the spmal 
cord. Furthermore, most of them have had the spinal deformity for years 
without any evidence of neurological disorder It appears that if the 
scoliosis develops gradually and is not seriously disturbed m a short period 
of time the spinal coni withstands the deformation without producing 
sjTnptoms. However, the amount of leeway is doubtless slight. The spinal 
cord and its enveloping dura mater arc draw n tautly over the vertebral 
prominence If the relationships a rematerially and suddenly disturbed, as 
by traction in these cases or by accidental injurj' to the spine in some of 
the others, the spinal cord may not be able to withstand the added 
strain, its blood supply may al<H> be interfered inth, and paralysis and 
loss of sensation result It should be reiterated that such cases are verj’ 
uncommon among the thousands of persons with scoliosis, and that 
immediate laminectomy and incision of tlie dura mater give the greatest 
promise of improvement. 
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A LeC., a man-31 years old, was hospitalized on May 11, 1948. In 1932 he had 
several ribs fractured in an automobile accident. About two j'ears later, at the 
age of 17, he began to have occasional twitching of the muscles of his back, and 
on inspection his mother noted that hia back was crooked. It is not knorni nhen 
this deformity had its onset. About the same time he began to have occasional 
periods of mild clumsiness of his hands. For two years he was fairly free from 


comfort (not a pain) developed.in his side, being more marked at night and be- 
coming increasingly anno 5 nng. In 1942 an orthopedic surgeon found a scoliosis 
nith the convexity of the curv'e toward the left and the left shoulder higher than 
the right. No neurological examination was recorded. On May 20, 1942, fusion 
was performed in the lower thoracic and upper lumbar region (tenth thoracic 
through third lumbar vertebrae). Subsequently the wound became infected and 
drained for four months. Thereafter he was much improved. The discomfort in 
his side, the fibrillations, and the weakness of his hands and legs are all said to 
have disappeared. In walking be favored his right leg slightly, but this was at- 
tributed to the fact that the tibial graft had been removed from that side. He 
continued well until about December 1946. At this time he burned bis thighs 
agamst a radiator without experiencing any pain. His legs gradually grew 
weaker and by July 1947 he was unable to run. Before long be had to use a cane 
in walking, and at the time of admission in May 1948 he was barely able to walk 
mth the help of two canes. He also bad frequency and urgency of urination and 
occasional incontinence. 

Examination . — The patient was a very slender man who, with the aid of canes, 
dragged his spastic legs forward in an unsteady, uncertain manner. He was 
unable to feel pinprick below the eleventh thoracic dermatome, and thermal sen.si- 
bility was lost below the second lumbar segment. Tactile sensibility was intact. 
There was marked weakness of both lower extremities. Fle.xor spasms of the leg.s 
Occurred spontaneously and on stimulation. The lower abdominal reflexes were 
absent. The knee jerks were hyperactive. The Babinski sign was easily elicited 
bilaterally. 

On lumbar puncture the spinal fluid was clear and colorless. Tlie initial preh- 
sure was 160 mm. of fluid. The pressure rose rapidly on jugular compression to 
300 mm. but fell slowly back to the original level. The total protein in the fluid 

was 78 me nor im^n — m -Trr.,.. n^anntest 

• ■ the blood 

lioenigenograms . — ^Tlie scoliosis of the spine began at about the fifth thoracic 
xortebra and extended to about the third lumbar vertebra {Fig. 87). Tliere nas 
a den«e spinal fusion in the thoracolumbar region, making detailed e.xamination 
of the spine and of the spinal canal impossible. 

Operation . — On Jlay 13, 1948, the upper part of the old incision in the lower 
thoracic region of the spine was reopened. The upper part of the bone graft and 
n hat was judged to be the laminae of the eighth, ninth and tenth thoracic verte- 
brae were removed. Although no pus was seen, the marrow within the bone graft 
dm not appear health}*. The dura mater was incised longitudinally, exposing a 
mmkedly enlarged spinal cord whidi was j’ello^-ish in color. The vessels on the 
surface seemed compressed and all of the usual surface markings were obliterated. 
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Fig 87 (Case III) — A composite anteroposterior view of the spine, showing the 
scoliosis produced by a very slowly growiDg intramedullary tumor of the spina! 
cord. Roentgenograms made in 1942 prior to the spinal fusion 



Himi 


SS (Case III). — Microphotograph of tbe oligodendroglioma of the spinal 
cord. LacU cell Is enclosed in a boxVike structure giving the appearance of a cross 
section of a plant. The walls of the blood vessels are thickened. 

^closed in a definite boxlike framework tjT>ical of this tj-pe of tumor (Fig. 8S). 
Ine walls of many of the blood vessels were thickened, and some were practically 
occluded by this intravascular proliferation. 

Posteperalite Course. — Since the operation the paraplegia lias been complete. 
® descended to about the first lumbar dermatome and has 

remained there. About a neek after the operation a rather indolent infection 
e\ eloped m the uound and a staph3'lococcic meningitis appeared. Presumably* 
IS represented a lighting up of the infection wluch had been present for several 
inonths after the operation in 1942^ inanye\-ent, it subsided promptly with the 
antibiotics. The patient is now recehTng physical rchabilita- 

Conimcnf.— 'Obviously this is an unusual situation which could only 
exist with a very* slouly* grouang intraspinal tumor, such as an oligoden 
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droglioma. in a young individual. Oligodendrogliomas o/ the spinal cord 
are verj' rare under any circumstance. (This subject will be reviewed and 
presented in detail m a separate paper with Russell.) It seems probable 
that scoliosis can develop only when the related spinal musculature is 
affected m a growing individual. Obviously tlestruction of bone can 
giv’c rise to spinal de/ormity at any age, but such deformities usually 
take the form of a kj’phosis Furthermore, primary Intraspinal neoplasms 
rarely ini ade and deatroj' the vertebrae. 

Occasionally another type of intraspinal neoplasm occurring in young 
people will so affect the vertebrae and the vertebral musculature as to 
produce another type of vertebral deformity— a lumbar lordosis fiucii 
a case is reported below. 

Case IV — Girl, at age of S, had deformity of back, wUh difficulty in uvlLing, and 
icas treated for Pott’s disease At age II, pain developed in hack and legs, and tin- 
pairmtnt of sphincters X-ray pictures refealed enlargement of lumbar spinal canal 
Operation, partial renmal of ependymoma Death later from unnary infection 

H S , a girl of 12, entered the University of Chicago Climes m January, 1032 
In 1 92S, when she irnis her family had noted a deformity of her spme. At about 
the same time she had come difficulty in walking and a neatness of her left ankle 
In 1029, 0 diagnosis of Pott’s disease was made and she was treated m a body 
cast There was little ch.inge m her condition until September, 1931, when she 
began to complain of pam m her back and legs and of difficulty m controlling the 
sphincters of her bowel and bladder. Her Mraily thought that the spinal de- 
formity was increasing 

Examination — There was an unusual prominence of the lower thoracic spine 
wliich was originaliy interpreted as a kjTihosis Study of the roentgenograms, 
however, revealed that the deformity was the result of a lordosis of the lumbai 
spine which thrust the thoracic spine backward There was also a prominence ol 


the pedicles of the second and third lumbar i-ertebrae (Fig. 90, A). The posterior 
surfaces of the i-ertebral bodice in this region were also eroded, making them con- 
cax’c (Fig 90, S) Tlie laminae and pedicles were x^ry thin. 

There was a complete loss o! seosstioa m the third, fourth and h/th sacral 
dermatomes, with a partial loss from the fifth lumbar to the second sacral The 
dorsiflexors of the left foot and toes were complete!}' paralyzed Tiicre was con- 
siderable weakness of the ventral fie\ors of the trunk, causing the patient to 

I* <• » / » t . J-U-.t. A f Tlilo.oH.e 


grossly distended, and abdomioa! compression caused urine to dnbble from the 
urethra. 

Lumbar puncture at various mterepaces yielded only blood, except for one 
p rn,Ql) piece of yellowish tissue which oa microscopic examination had the struc- 
ture of an ependymoma. The usual examinations of blood and urine were 
negative 

Operahon.—On January 6, J932, laminectomy was performed from the ninth 
thoracic to the first sacral vertebra, inrfusiv* The laminae were very thin and in 
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places completely eroded through. WTien the laminae were cut through the ends 
sprung apart about 1 cm., as if under great tension. TVithin the dural sheath was 
a friable, pinkish-gray neoplastic mass which pushed the roots of the cauda equina 
to either side of the spinal canal. The tumor was removed as completely as pos- 
sible. Examination of it confirmed the diagnosis of an ependymoma. 

Postoperative Course. — Twenty-three x-ray treatments of 275 r each were 
given to the thoracolumbar spine. The lo^osis giadually increased. Pyuria 
developed in October, 1932, and continued with variable severity thereafter 



She had repeated severe epistaxis, a rising blood pressure and severe liead- 
aches. In December, 1934, she was again hospitalized because of headaches, 
4*^935^^ vomiting, resulting from renal insufficiency, and died on January 

A wepey.— There was a large intraspinal tumor from the twelfth thoracic 
'er ebra to the first sacral. There was also tumor within the lower part of the 
spmal cord between the posterior horns. The kidneys were small, with extensive 
enclence of degeneration and hemorrhage 

Commen/.—This uncommon type of malformation of the spine is 
c laracteristic of an extensive lesion in the lower spinal canal of a child, 
V ich weakens the vertebral column by erosion and the paravertebral 
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muscles by paralysis The clinical and roentgenologic pictures are not 
those of a tuberculous spondylitis, and yet the prevalence of that condi- 
tion as a cause of spina! deformity has been so impressed upon the pro* 
fession that the erroneous diagnosis was made in this case, as it was in 
the Cases of intraspmal extradural cyst reported by Cloward and Bucy®. 

Scoliosis of the spine may occasionally develop m a child after success- 
ful removal of a spinal cord tumor, a« the rctult of a permanent weakness 



giving them a concave appearance 


of the musculature of one side of the spine TJic following case, reported 
originally in 1935 by Bucy and Buchanan* and again by Heimburger 
and Bucy* in a study of the regeneration of the bony structure of the 
vertebrae after the removal of pressure, is a typical example of this typo. 

Case V . — mih uxakne$$ lefi kg dtedoped ai 1 yxor of age, followed by 
atrophy and finally paraplegia. Roentgenograms revealed marked dilatation of tum- 
6cr tpinal canal. Cystic teratoma rentoced fnm spinal canal at age 3, follomd by 
complete recoiery, except for miidetro^y of I^Iokct extremity and slight scoliosis 

R. B., 2'*year old boy, was first adnutted to the pediatric department of the 
Universityyf Chicago Clinics on June 8, 1933 In October, 1932, he had suddenly 
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becotce irritable and a stiff neck developed- Ttere was no fe\-er. and the condition 
gradually subdded over a period of six wedcs. Hoover, during thi? time the left 
leg became weak and atrophic, although he was still able to walk- diagnosis of 
anterior poliomyelitis was made. 

On ilarch 19. 1934. he was again admitted to the University of Chicago 
Clinics. In the interval he had complained of severe pain on rao\-ement of his legs 
and walking had grown prc^ressively more <ffi5cult. 

Ezar-.ir.ciion. — ^There were atrophy and weakness of both lower extremities, 
and he was unable to stand. The left knee jerk was absent, the left ankle and 
right knee jerks were about normal, the right ankle jerk was hjiJenictive and 
sustained clonus could be elicited. There was no demonstrable sensory loss, but 
the patient ^-as only 3 and not very cooperati\-e. 

Rtyr.ig>tnojra7 ^^. — “Hie spina! canal was grosi-Iy dilateii from the twelfth 
thoiracic to the third lumbar vertebra. There was markeil bony emsion but no 
scoliosis. 

OpuTctibn. — On April 10, 1934, laminectomy was performed and a large tera- 
tomatous c 5 *st which extended from the txrelfih thoracic to the fourth lumbar 
vertebra was removed from the spinal canal. 

Paiiop<rciirc Course. — His condition steadily improved after operation. In 
the ensuing I4i years he has grown into a brge, healthy, active boy. He has 
actively engaged in varioos school sports. E-xamination has been performed from 
time to time; on July 19, 104S, he was a well developed, muscular boy who ai>- 
rwed in excellent health, and had no complaints. The entire left leg was defi- 
mtely smaller than the right, and there was a definite but not prominent scoliosis 
of the lower spine. Roentgenograms taken since the operation have disclosed a 
remarkable recalcificatioa of the vertebrae.* Films taken on December S, 1939, 
five and one half years after operation, showed no scoUosis. but those taken on 
^*^^]6mber 7, IftlT (Fig, 91), and on July 19, IWS, showed a distinct but slight 
scoliosis of the lumbar spine. 


CcTnmcr.l . — Apart from the interest associated with this unusual t\*pe 
ot intr^-pmal neoplasm, the gratifying recover.* and the striking re- 
generation of the eroded and decalcified pedicles and vertebral bodies, 
this case is of distinct interest in a study of the subject of scoliosis. There 
IS no bony abnormality here to account for the spinal deformity. There is 
on the other hand a definite asymmetrical muscular weakness and at- 
rophy which is most distinct in the left lower extremity but which in .all 
probability involves the lower spinal musculature as well. This is doubt- 
the result of some permanent damage to the anterior horn cells of 
^inal cord on the left side, or to the motor roots arising 
t ere. Not only does this case illustrate the development of scoliosis from 
an J^mmetrical muscular weakness in a young growing individual, as 
has stressed elsewhere, but it also illustrates the long period of time 
f^uired for such a development (over five years in this case), as has 
noted by other obserx'ers in instances where scoliosis has 
*^5ted from the i>aral\'sis produced bv anterior poliomyelitis. 

Progressive Muscular Dys tr ophy. — As the result of weakness of the 
ttu^Ies of the trunk, particularly those of the back which hold the verte- 
• column erect, progressive muscular d\-strophy is commonly asso- 
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muscles by paralj’sis. The clinical and roentgenologic pictures are not 
those of a tuberculous spondylitis, and yet the prevalence of that condi- 
tion as a cause of spinal deformity has been so impressed upon the pro- 
fession that the erroneous diagnosis was made m this case, as it tvas in 
the cases of intraspinal extradural cyst reported by Clo'vard and Bucj”*. 

Scoliosis of the spine may occasionally dev'elop m a child after success- 
ful remoi’al of a spinal cord tumor, as the result of a permanent weakness 



Fig 90 (Case IV) — Ependymoma of the lumbar spinal canal The canal is 
markedly enlarged both anlcropostenorly and laterally The pedicles and laminae 
are displaced and eroded The posterior surfaces of the vertebral bodies are eroded 
giving them a concave appearance 

of the mu'jculature of one side of the spine. The following case, reported 
originally in 1935 by Bucy and Buchanan* and again by Heimburger 
and Bucy* in a study of the regeneration of the bony structure of the 
vertebrae after the removal of pressure, is a typical example of this type. 

Case — Male, tcith weakness of left leg developed at 1 year of age,foUov:€d by 
airophy and finally paraplegia Roentgenograms rcrcoled marked dilatation of lum- 
bar spinal canal Cystic teratoma removed from spinal canal at age S, follomd by 
complete recovery, except for mild atrophy of left lower extremity and slight scoliosis 
R. B , 2Vear old boy, was first admitted to the pediatric department of the 
University ol Chicago Clinics on June 8, 1933. In October, 1932, he had suddenly 
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horns. Involvement of the pyramidal tracts and of the extrap 3 Tamidal 
tracts which descend with them in the lateral columns of the spinal cord 
results in a spastic paralysis below the level of the lesion. This disturb- 
ance is most evident in the lower extremities and produces a spastic para- 
plegia. It is doubtful if this spastic paralysis plays much of a role in the 
development of tlie scoliosis. The destruction of the anterior gra}' horns 
of the spinal cord results in an atrophic, flaccid paralj'sis of the muscles 
innen'ated by tlic segment of the spinal coid in which the lesion is lo- 
cated. This flaccid paralj’sis includes the paravertebral musculature and 
it is likely' that it is this which produces the scoliosis. It is interesting 
that the scoliosis is often the first symptom of which the patient or mem- 
bers of his familj' arc conscious in this graduallj’ progressive disease. 
The following case represents a typical example of this group. 

Case — Male, noted scoliosis at about I 4 years of age. At age S3 years began 
to limp, and difficulty in U'alking has steadily increased since. At age SO numbness 
and uvakness of right hand appeared and the left u'as involved later. Weakness of 
external rectus muscle of the left eye, and numbness of the right side of the face also 
developed. 

B. G., a 33 year old man, was hospitalized on Judo 16, 1948, having been under 
obsen'ation for several years prior to that time. He first became aware of a 
curv’ature of his spine when about 14 years old. This deformity had increased so 
slowly thereafter as to be practically imperceptible. He noted no other disability 
until he was about 23, when he began to limp on his right leg. This grew progres- 
sively worse and three years later he was forced to use a cane; at SO years of age 
he first began to use two crutches, assistance he lias required ever since. At this 
time also he noted a numbness and weakness of his right hand which grew steadily 
worse, and later a similar disability appeared on the left. For several months 
prior to admission he had had to use a rubber stamp to sign his name Also at 
age 30 diplopia developed, but although the muscular weakness persists he has 
overcome the diplopia. Since the age of 32 he has noted numbness of the right 
side of his face. There has been no difficulty with the control of his boi\eI or 
bladder, and no imp.airment of se.xual function. He continued to work daily at a 
desk job until the day of his hospit.alization. 

Examination. — The patient, a rather obese man, had a marked S-shaped 
thoracolumbar kj^phoscoliosis, with the thoracic concavity toward the right and 
the lumbar conca\Ity toward the left. Ho was able, with the aid of crutches, to 
drag his legs in a slow four point gait. He w'ns unable to rise from a prone to Ji 
sitting position unaided but was able to maintain a sitting position once it was 
established. There was complete paralj'sis of the external rectus muscle of (he 
loft eye, and there was a marked nystagmus on looking toward either side. Tlieic 
was diminished pain sensibility ov'cr the second and third divisions of the riglit 
rigeminal nen’e. There were weakness and atrophy of the left half of the tongue 
and fibnllations bilaterallj'. Both trapezius muscles were atrophicand weak. Xo 
contraction of the intercostal muscles could be detected at any time. The hand^ 
Were constantly in a flexed position, and there were market! weaknes'; and 
a rophy of the Intrinsic muscles, especially on the right side. The muscles of the 
arms, except for the right biceps, were practically without strength. Therewere 
mar -ed flexor defense reactions in the right leg and practicallj* no voluntary 
power. All muscles in the left lower extremity functioned but were quite weak. 
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In the upper extremities the only reflex which could be elicited was a Hoffmann 


thoracic dermatomes bilaterally and \ras diminished over the remainder of the 
trunk and the lower extremities. Thermal sensibility was diminished below the 
third cemcal dermatome on the right side but was intact elsewhere There was 
no loss of tactile sensibility. The usual laboratory examinations of the blood and 
urine show ed no abnormality Examination of the spinal fluid revealed an initial 
pressure of 180 mm. of fluid with free djuamics, and a final pressure of 135 mm 
of fluid The spinal fluid total protein was 40 mg per 100 cc. The Wassermann 
test was negative and the colloidal gold curve was normal 

Roentgenograms —X-ray examination of the skull and spine revealed no evi- 
dence of platjbasia, no abnormaht3* of the spinal canal and no exndencc of anj* 
destruction or malformation of the vertebrae other than an S-shaped scoliosis 
(Fig 92). 

Hia^osis — Tlie condition seemed to be a Ij-pical case of Bji-ingomyeha. 
Operation — Because Dr W. A Gustafson had operated on approximately 
fifteen patients with sjTingomj’elia, finding a platybasia or an Amold-Chian 
malformation (Buey and Lichtenstein) or both m a veiy high percentage of these, 
and had obtained relief m a considerable number of cases by decompressing the 
abnormal area, such an operation was proposed to the patient, who readilj' ac- 
cepted the idea as lus condition was obnously growing rapidly worse, be w as al- 
bost completely incapacitated and no other form of thempy offered any im- 
provement. (X-ray therapy had been tried without benefit ) 

On June 17, 1948, the laminae of the first and second cerxical vertebrae and a 
small piece of skull m the midhne of the lower part of the occipital bone, includ* 


Postoperative Course . — An mdwellmg catheter was required for twenty days 
after the operation, but bladder control was then recox-er^. For a week after tiie 
operation tlie patient had fever, with nausea and x-omitmg, and was quite de- 
pressed, apparently as the result of blood in the subarachnoid spares He is now 
again up and about on his crutches but, imfortunaleb’, his condition at the time 
of this report appears to be about the same as it was before the operation. 

Commenf.— Although the patholo^c process revealed at operation in 
this case x\as by no means tjTiical of syringomyelia, the clinical picture 
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Fig. 02 (Case VI). — Syringomj'elia. A composite roentgenogram of the entire 
ap'tna) column. The scoliosis is obvious. 
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was The latter included early onset (sjTingomyelia appearing during 
adolescence), evidence of a flaccid, atrophic paralysis of the upper ex- 
tremities. «pastR jiaralysis of the legs, and typical sensorj' changes In 
addition, there « as definite evidence of a syringobulbia. The involvement 
of the -piniil lord was, as usual, as5'mmetrical, and it is reasonable to 
a^^'-ume thni the paralysis of the spinal musculature was likewise asjTn- 
metucal Su<‘h an unbalanced parali'sis of the spinal musculature in a 
griming hoy le^uJted here, as it usually does, in a scoliosis. 

Friedreich’s Ataxia. — This familial and hereditarj* degenerative dis- 
Older of the central nervous system is commonly as‘:ociated uifh scoho- 
-I- The dcgeneiation is e.\eeptionaIly widespread, involving predomi- 
ii.iiiili file long fiber tracts in the posterior half of the spinal cord. 
IJ. gmi- Miiun ol the anterior hom cells, although it may occur, is not 

P' ,il -\'\ 'lagmusi, dj’sarthria, facial grimacing and optic atroph}’ all 
M,- in M <it involvement of the central ner\’oiis sj*stom above the 
!<■. - 1 ■.! .1,1 'piii.d cord The disease begins early in life, usiiall}' between 
■) o'll '5 '( 11' nt age The exact neurological deficiency uhich is re- 
'piiii' I> 1 ( 1 .1 I ■ '< oUopis is not clear. There can, however, be little ques* 
'M’l iip (> i! 'I deformity of the spine is the result of the neuroIogiVal 
(I'udt'iiiii > I IS no evidence of any primarj* involvement of the 
\ ert* 1-1. d ( ■ '1 

Anterior r n .litis.— It is a well eslablislied fact that scoliosis is 
a not line lucl to acute anterior poliomyelitis. It would be im- 

po^sihle 'jiwv frequently scoliosis follows this acute infectious 

disoa'G ( ,/ ,il I'ord, and no study of any scries of ca«es would gue 

a valid nil -iu' question Tlic c.xtent and location of the muscular 
involveni- i occurs with acute anterior poliomj’ohtis varies too 

widely tiDin to epidemic, from year to year and from place to 

place to ni ih , - '.ut an all-inclusive study over a long period of time 
reliable i-i or -i .< <tudy would be meaningless in pr^icting the out- 
come in an} iudemic of the disease. 

However. c> i i.nii f.icts regarding the development of scoliosis following 
an attack ol (his -jiM ^re well established. The deformity of the spine 
results from an .I'Miimetrical paralysis of the spinal musculature, pro- 
ducing an unequal pull upon tlie spine which over years of time results 
in a spinal curvature, if tbe subject is a young, growing mdivadual. 
Forkas^, in his .study of this condition, demonstrated that the scoliosis 
does not appear until four or five years after the acute infection, although 
the muscular paralysis which is responsible for the scoliosis and the 
changes in the spinal staictures whicli precede it can be demonstrateo 
shortly after after the ncutc episode. It is also significant tiiat the paraly- 
sis which follows the spin.*!! infection need not be marked or e.xtcnsive. 
In fact there may be little or no paralysis demonstrable in the extremi- 
ties. The following case, reported through the courtesy of Dr. E E. 
Compere, is a typical example of the sev'erc scoliosis which may occur 
with this condition. 
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Case VU.—Girl,^acute anterior poliomyelilis at age SJ years. Weakness of 
muscles of trunk and of both loxcer extremities Scoliosis apparent at age 7. 
Back brace applied at age 8. Scoliosis progressed. Spinal fusion at 16. 

A. C , 0 . 16 year old girl, was hospitalized June 8, 1948. An acute attack of 
anterior’ poliomyelitis at the age of 3i years had left a weakness of all of the 
muscle groups of the left leg, a right foot drop, and weakness of the musculature 
of .the lower trunk, but no involvement of the upper extremities. ^Yhen she was 
6 years old, operations were performed on both femurs because of malalignment 
of tlie leg«. When she was 7 years old, her mother first noted a curvature of her 



Fig. 93 (Case VII) — Anterior poliomyelilis at the age of 3i jears \Yas respon- 
sible for this scoliosis in this 16 year old girl. 

spine, ^^hieh grew progressively”-*'*^'* ■ 

and slie nas given a brace for I 

drop on the right. She has sin ^ .uu ui inebe 

braces and crutches However, the scoliosis steadily grew more severe and she 
was hospitalueil for the performance of spinal fusion Examination of the blood 
and urine was negative. 

Sxaminalion — There was an S-shaped spinal curx-ature with the thoracic 
portion curt-ed toward the right and the lumbar tonard the left. Tliere were also 
a lordosis and a marked tilting and rotation of the pelvis. The right lower ex- 
tremity Mas considerably stronger than the left. The quadriceps extensor muscle 
nas almost normal. All other muscles, although neak, had some poner, except 
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for the aatenor tibial group. On liie Irft there w-as no voJuntarj' control of the 
muscles of the 1^ e'ceept for internal and external rotation of the foot. The 
abdominal muscles seemed strong but thae was definite weakness of the muscu- 
hature of the back, 

lioentgenograms — There was markcxl sct^iosis of the entire spine {Fig 93), 
but no evidence of an 3 ' bony destruction or of any abnormality of the spinal 
e.anal. 

Comment . — Discussion of the operations performed on this patient 
daring June and July, 19 18, is not pertinent to this report, w Inch is given 
solely to illustrate the late appearance of scdiosis m a patient who has 
had anterior poliomyelitis. 

DISCUSSION 

It IS obvious from this presentation that deformities of the spine, 
notablj' scoliosis, rarely give rjsc to an>’ disorder of the spinal cord but 
frequently occur either m assooiation witli or as the direct result of dis- 
eases of the nervous system It may be well, therefore, to summarize 
some of the characteristics of that etiological relationship 

In order for a neurological disorder to give ri.so to scoliosis 

1. The innen'ation of the spinal musculature must be affected. 

2. The involvement must bo as^Tnmetrical 

f 3, The paralj'sis of the musculature must be either stationary or only 
slowly progressive A rapidly progressive neurological lesion or one of 
only short duration <loes not provUle sufficient opportunity for the scolio- 
sis to dev'clop as the mechanics of the skeleton alone are sufficient to 
prevent the development of the deformity m a short period. 

4. The disorder must occur in a young, growing individual It would 
seem that once the spme is fully formed and is no longer growing and 
changing it cannot be deformed by unequal muscular pull. In this con- 
nection it is noteworthy that the scoliosis does not appear until four or 
five years after the muscular paralj'sia develops. 

Two questions must be ans-ivercd for the illness to be complete!}’ 
understood, from a neurdc^cal standpoint, and for the patient with 
scoliosis to be treated most intelhgcntly. First, does the patient have 
some associated or related nciardi^cal disease winch is m need of inde- 
pendent treatment, apart from the scoliosis? Some of the outstanding 
e.xaroples of this are tumor of the spinal cord, syringomyelia and intra- 
spinal extradural cyst (in the case ^ kyphosis). Second, is the patient’s 
orthopedic condition explained by and better understood been'-' ■ e 
demonstration of a causative neurological '> 

not feel sufficiently conv®’-" 
pathic 

13 the ■ ' • to 

state t . ^ vuere is nothing to controvert 

such a 
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COMPRESSION FRACTURES OF THE SPINE COMPLICATED BY 
INJURY TO THE SPINAL CORD 

John R. Norcross, M.D.* 

In considering injuries of the spine, one must be concerned whether 
there is an}' involvement of the spinal cord, whether the lesion is complete 
or incomplete, and whether the damage is permanent or temporary. 
Unfortunately, these questions cannot always be answered in the earl}’ 
stages, and only after a thorough x-ray and neurological examination 
can any conclusions be reached. Even then one cannot always be certain 
of the tnic condition, and further information must be sought. If the type 
of fracture and the mechanism producing it are well understood, the 
progno.sis and treatment arc more readily detennined. The majority of 
fractures of the spine are simple compression fractures of the vertebral 
body produced by forceful flexion and without any spinal cord involve- 
ment. These patients should bo treated by some form of h}']iercxtcnsion 
and immobilization of the spine. However, in a definite group of spine 
injuries hyperextension should not be used, and, until one knows the 
true situation of the patient, caution should bo the keyword. 

PROPER FIRST AID 

In some instances, the permanent damage is not caused by the original 
injury; rather the first aid, transportation and early treatment are at 
fault. It has been pointed out many times that the patient must not be 
carried by grasping him beneath his shoulders and knees so tliat his back 
may sag, but that ho should be rolled over and carried face down on a 
stretcher. This precept is far too often overlooked. The best method is to 
roll the patient onto a hard stretcher or board so that he is face doira and 
the spine can bo neither flexed nor h}'pcrextended. Thorough x-ray 
examination should be made as soon as possible, without moving the 
patient any more than is absolutely necessary. Isolated vertebral frac- 
tures may occur at widely separated levels, so complete spine x-rays 
should be made. 

EARLY AND ADEQUATE X-RAY EXAMINATION 
Proper analysis of the x-rays is important for both prognosis and treat- 
ment. One must bear in mind the fact that, at the time of injury, one 
vertebra may be temporarily displaced, crushing the cord between the 
posterior bolder of the body of the vertebra below and the posterior 
arch of the vertebra above, and then the displaced vertebra may literally 
be snapped back to its normal position. In such a case, the x-niys would 
reveal little abnormality, yet the patient could have an extensive legion 
01 the cord. This could readily happen in the cervical region, with severe 
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tearing of the ligaments of the interarticular and inten-ertebral joints, 
thus producing a freely mobile segment The prognosis m such a le«ion 
of the cervucal spine should be guarded However, complete dislocation 
irith paraplegia can be folloiml by recoverj' if the pressure is relieved by 
reduction of the dislocation, prox'ided, of course, that there is no dcstnic- 
tion of the cord. 

WiiJe the cord is covered by it& membranes and surrounded by fluid 
so that it IS well protected, it abnoat completely fill? the neural canal in 
the upper dorsal spme. Consequently, at this level, the mobility of the 
spinal cord is greatly diminished, compared with that at the lower dorsal 
and lumbar levels, and the incidence of severe damage to the cord is 
thus greater in tins area The prognosis of fractures m the lower dorsal 
area and particularly in the lumbar area is much better than the progno- 
sis of those at a higher level, because the lumen of the neural canal is 
greater and the cord is more freely movable m the canal. Fractures of 
the saertun are rarely accompanied by ner\'e root injury However, with 
raarfetni di'^^faecment of the fragments the d/siaf sacraf neia'os may be 
crushed, thus producing incontinence and gluteal nneothesia 

As pieviously stated, mewt spme fracturc-s are simple M'cdging of a 
vertebral body without any cord symptoms, and are produced by force- 
ful flexion. Hon ever, in some instances, paralysis may accompany such 
a fracture In many ca«cs, if these fractures arc reduced and immobilized, 
function uill return, the paralj-sts having been caused by so-called “spme 
contusion ” A certain group of comminuted fracture.'* of the vertebral 
body are also produced by forcible flexion. These cases warrant careful 
study of the x-rays, as there may be a fragment of the posterior portion 
of the body e.\tending into the neural canal. In this event hj*perextenaion 
could be dangerous, a.s dii^placement of the fragments could produce cord 
hyraptoms or increase the damage to (he cord already present These 
patients should be immobilized m a plaster jacket, sitting upright with 
the spine in the neutral position and not hypcrc.xtended Thi^ immobili- 
zation should be continued for four to si.x month'* Healing is slow m such 
instances, and frequent!}’ a spinal fusion operation is the procedure of 
choice. 

Fracture dislocation of a vertebra constitutiss perhaps 20 per cent of 
vertebral fractuies These patients require special care and attention. 
Careful study of the x-raj^ before deciding on treatment is essential. 
The important point to remember is that the intervertebral joint is 
dislocated; the fracture itself is of sccotidarj* concern. In the^e cases, 
fonvard di-placement of one vertebral body on the one below produces 
one of two effects; fracture of the neural arch, including the articular 
processes, or complete di.«Ioeation of the interarticular joints. Obilique 
x-ra}*s show more clearly the true nature of such an injury, that is, 
whether it is a fracture of the articular processes or a dislocation of the 
interarticular joints. Determination of the true situation is essential prior 
to the institution of treatment When the articular processes have been 
fractured, the displacement can usuaJb* be corrected by simple, cautious 
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hyperextension. \\Tien the articular processes are intact and the displace- 
ment is due to interarticular dislocation, the problem is more difficult. 
It is then necessarj' that the x-rays be studied to determine the relation- 
ship of the articular processes to each other. In instances wth simple for- 
ward displacement, where the ascending articular processes of the lower 
Vertebra are in direct line with the descending articular processes of the 
vertebra above, simple extension followed by hyperextension will prob- 
ably reduce the displacement. However, when true alignment of the dis- 
located articular processes is not perfect, owing to either a lateral shift or 
rotation, the condition is known as a ''locking of the articular processes.” 
This condition, w’ith or without cord symptoms, constitutes an indication 
for open operation. To try to manipulate these dislocations even by sim- 
ple traction or hyperextension is hazardous. A closed reduction is a blind 
procedure in which the vertebrae might easily be displaced in such a 
manner as to stretch or even tear the cord, thus producing a paraplegia 
or aggravating any cord symptoms that are already present. With surgi- 
cal exploration of the area, the articular processes may be exposed; then, 
with the aid of a small skid and careful flc.vion of the spine by lowering 
both ends of the table, the articular processes may be guided into their 
normal position. This is done cautiously, under direct vision. If such a 
procedure fails, the ascending articular process of the low’cr vertebra on 
the side toward which the upper vertebra is displaced can be excLsod. 
This will usually allow reduction. 

Fractures of the laminae do occur but arc not common. Occasionally a 
fragment of bone is forced into the spinal canal and causes pressure. 
This again constitutes an indication for early laminectomy. 

NEUROLOGICAL STUDIES 

The foregoing paragraphs have dealt largely with the findings on x-ray 
examination. Proper interpretation of the neurological findings is equally 
important, and only after review of both the x-ray and the neurological 
findings can a fairly accurate prognosis be reached and intelligent treat- 
ment instituted. 

From a neurological standpoint several factors must be considered. 
It must be remembered that the neiA'e cells of the spinal cord itself have 
no power of regeneration. Any destruction of these cells is permanent. 
On the other hand, the cells of the cauda equina do have the power of 
regeneration. 

Paraplegia may be due to a physiological block produced by contusion 
of the cord, or by overstretching of the cord due to a bony prominence, 
without anj’ destruction of neive cells or nen'c fibers. Such a paraplegia 
may be followed by complete rccoveiy, whether the lesion involves the 
spinal cord or the cauda equina. How’ever, paraplegia may also be pro- 
duced by a complete disruption of the nerve fibers, a true anatomic 
lesion. Such an injury’ can be followed by recovery' only if it occurs in the 
c.'iuda equina; if the spinal cord proper suffers a complete transection, 
recovery is impossible. It is therefore obvious that the level of the neuro- 
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logical lesion is of great importance in determining prognosis. One must 
bear in mind that the cauda equina begins below the first lumbar nerve 

Unfortunately, one is not always able to distinguish at first a paralysis 
« Inch is due merely to a “physiological block” of the cord from paralysis 
due to a true destructive lesion of the cord The clinical pictures shortly 
after either injury may be identical, with complete flaccid motor paraly- 
sis, loss of superficial and deep sensation, loss of the normal reflexes, 
visceral paralysis and retention of urine. The patient should be treated 
as if the paralysis were physiologic until it is proved otherwise. In most 
instances, s3'mptom3 of a complete lesion arc due to complete anatomic 
section or crushing of the cord However, there may be an incomplete 
anatomic lesion and a physiologic block of the remaining nerve fibers. 
Therefore, at first, it is sometimes impossible to be certain if the lesion is 
complete or incomplete, physiologic or anatomic Onlj' bj' careful exami- 
nation and observ’ation of the patient at frequent intcrv’als can one deter- 
mine with anj* degree of accuracy the true answer to the problem. Some- 
times evidence of an incomplete lesion may be detected bj' producing 
forceful flexion and compression of one of the patient’s toes m n way 
that normally would be vco' painful If the patient recognizes some sen- 
sation during this procedure, the lesion of the cord is incomplete Re- 
coverj' m incomplete lesions of the cord may take place over a long period 
of time In an incomiilete lesion of the cauda equina, improvement may 
continue for ns long as two j'cars. If, on the other hand, there is no evi- 
dence of deep sensation and the sjTnptoms of a complete lesion of the 
cord persist for several days, it is almost certain that there is complete 
anatomic transection of the cord This is definitely the case if there is no 
improvement m three ^eoks 

About a month after a complete transection the rofle.x function of the 
cord is established, and one may note the reflex withdrawal of the leg 
when the sole of the foot is stimulated Eventually the flaccid paral^-sis 
develops into a tj'pical spastic paralysis 

REDUCTION OF THE FRACTURE 

After a careful studj' of multiple x-raj-s and a thorough neurological 
examination, the method of treatment may be arrived at The present 
day trend is definitely conseiwntive Some authors believe that laminec- 
tomy has no place in the treatment of these injuries and that it is to be 
condemned because it removes much supportive bone which is of value 
to the patient’s recovery'. I believe that after the type of fracture or 
fracture dislocation, as the case may be, is carefully determined reduc- 
tion should be earned out as soon as is reasonably' possible The method of 
reduction depends on the tyn^e of lesion that is present, as w as mentioned 
earlier. 

POSTREDUCTION MEASURES 

Once reduction has been accomplished, a Queckensledl test should be 
performed to disclose any blockage of the spinal canal. If there is no 
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evidence of a block, then the patient should be immobilized by one of the 
accepted methods, preferably by a plaster cast. It must be pointed out 
that the only thing to be gained by lamineclomy is the removal of pres- 
sure. If there is no evidence of a block by the Queckenstedt test, laminec- 
tomy is of no avail. Certain admonitions xn regaitl to interpretation of 
the Queckenstedt test may be helpful. If the patient should strain or 
cough during the procedure, there would be an increase in tlie intra- 
abdominal or intrathoracic pressure, causing congestion in the cord 
below the block and increasing intraspinal pressure. This could happen 
even in the presence of a complete block of the subarachnoid space, thu*^ 
giving one a false interpretation of the test. Of course, if there is evidence 
of a block, either partial or complete laminectomy is indicated. It is 
thought that laminectomy is also indicated in the following instances: 
(1) when there is an incomplete lesion of the cord and tliere is no improve- 
ment after two or tliree days; (2) when improvement occurs for a period 
after closed reduction and then ceases; (3) when, by .\-iay, bone can be 
seen to be causing pressure on the cord; and (4) when delayed cord com- 
pression occurs owing to either hemorrhage or progressive edema. 

The question of proper immohilizalion after reduction has been carried 
out is important. Patients witli a loss of sensation arc prone to develop 
pressure sores very readily. The presence of infected decubitus ulcers is a 
serious complication whicli may lead to a fatal outcome. For this reason, 
it is thought tliat a well made bivalved plaster cast is by far the best 
method of immobilization, making it possible to turn the patient fre- 
ipiently, and permitting removal of half of tlie en.^t so that tlio skin can 
be given proper care. 

Another gi cat problem presented by the paralyzed patient is the proper 
care of the bladder. IVhcn a urologist is available, lie should be called on 
for lielp. Either frequent catheterization or the use of an indwelling 
catlieter is likely to lead to an infcctiou sooner or later. For this reason 
f'Uprapuhic cystotomy should be strongly considered in the patient with 
a permanent p.aralysis or in one with a prolonged convalescence. 

SUMMARY 

Seven important factoi-s in the diagna'^is and treatment of compre.ssion 
fractures of the spine are: 

1. Proper first aid, with care to prevent occurrence of both flexion and 
hyperextension of the spine. 

2. Early and adequate x-niy examinations. 

3. Thorough neurological studies at the eailiest possible time, and 
u'petition of such examinations frequently if paralysis exists. 

4. Proper reduction of the fracture, depending on the injury present. 

A Queckenstedt test to determine the presence of a block of the 

spinal canal. 

(). Laminectomy only when there is evidence of pressure on the spinal 
cord. 

7. Proper care of the skin and bladder to prevent infection. 
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COMPRESSION FRACTURES OF THE DORSAL AND LUMBAR 
SPINE IN ELDERLY PEOPLE 

Vernox G. Turxer, M.D.* and Xewtox C. Mead, JI.D.* 

A FE%v years ago a group of surgeons in Milwaukee, Wisconsin, made 
an attempt to convey the idea to the general profession that “fractures 
in children are different.” It is the purpose of this paper to emphasize 
the idea that the treatment of compression fractures of the spine in the 
aged is different from the methorl commonU' taught — which method is, 
in fact, applicable to younger individuals. Not only does the treatment 
differ, but the pathologj' and etiologj' are not the same as in j'ounger 
groups. 

The authors wish to emphasize a physiological or functional, rather 
than an anatomical, approach to this problem. 

Compression fractures of the spine arc seldom seen in children below 
tile age of 10, and in this series of eightj'-four cases seen in our service 
'at the Evanston Hospital in the years 19-14 to 1947 inclusive, compression 
fractures of the spine were found in only four patients below that age and 
and in only nine below the age of 20. It is, then, a fracture of adulthood 
and of the elderly. 

MANAGEMENT IN YOtlNG ADULTS AND EARLY MIDDLE LITE 

If the fracture occurs in young adults or even in early middle life, 
complete correction of the compression of the vertebral body is to be 
arduously sought after and maintamed. The younger the patient, the 
greater should be this effort, because the younger individual has a quicker 
and more nearly complete recoverj' from the bad effects of treatment. 

Reduction and Application of Plaster. — ^Tlie reduction is best accom- 
plished under general anesthesia or under a high degree of analgesia pro- 
duced by the use of morphine and scopolamine. Of the several methods 
of reduction that have been advocated we prefer using Goldthwaite irons 
on the fracture table, or the jack and flexible blade on which the patient 
rests face up, rather than suspending the patient face doRm between 
tables on a canvas sling or from the feet. The reason for this is that we 
believe we can apply a better fitting cast in a supine position. It is easier 
to mold the plaster about, the crest and spine of the ilium, about the 
breasts and over the manubium and pubis with the patient supine than 
prone. The cast must be well molded in order to be tolerable. The position 
of hj’pcrextensjon is in itself uncomfortable, and if to this is added the 
burden of a poorly fitting cast, the situation may become unbearable to 
the patient. Sponge rubber, sheet M*adding, feU, or other padding be- 
neath the plaster does not relieve one of the necessity of molding. In fact, 
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it seems that the more paddmg used the more difheuit Jl heeomes to 
fashion a comfortable and tTeH-fitted cast The same problem arises in 
putting casts on fat people The cast cannot grasp securely tiie bony 
framework; it ’slips up and down o'er the bony prominences and la much 
moiG apt to be uncomfortable 

In younger mdividuais the reduction and apphcHtion of plaster is 
earned out withm a fe^\ hours after the injuty, if possible Aparthil 
paralytic ileus occurs quite frequently following serious mjuiies of'the 
spine, t\ hetluT due to accidental trauma or to the trauma of such surgeiy 
ftt, a spinal fusion This complication causes abdommul distention due to 
gas collection ithm the gut, considerable alniominal distress, decreased 
air exchange, and may be associated uTlh difficulty m emiitying the 
iiladder as well If u&uully become^ manifest a day or two alter die injury 
If the reductiQU can lie accomplished early and the patient got up and 
out of hcd. tlie fretpicncy, seventy and duration of this complication is 
probably declea^cd If the condition is present at the time of examma- 
tion, one should wait until it JiaT cleared up before doing the reduction 

Postreduction Aids to Functional Restoration.— Following reduction 
and the immobilwation of the fraetime in plaster the patient is encour- 
aged to get out of bed and to increase his activities ns rapidly ns possible 
Hr is instructed m depp-breatbing as well as m leg, arm and back exer- 
cises by the phybioilieiapist HewiU usually benbictoleave the hospital 
within two or tluee weeks and will return to active work m an additional 
irto 01 three weeks 

Braces. —The original east may be removed w ithin three to fix e months 
and substilutod by either a Lenox Baker brace or lugli spring cage fMng- 
mison) brufc which is uted for un additional throe tu five months The 
hiacc mav be lemoveil for bathing and at night for sleeping A firm, flat 
bed IS lecommended Postural exoreisev arc begun as soon as the cast is 
icmosed xiith the siiecific purpose of decreasing the lumbar loidosis The 
po'^ition withm the ca'st and m the brace is one of exaggerated “sway- 
back,” and atrenuous effort rs put forth to overcome this postural de- 
formity If the ileformity is wncorrected, it becomes more fixed with the 
passage of time, ptobably as a leal contracture of the muscles and liga- 
ments of the spine, and is itself a common cause of backache. The Lenox 
Baker biace is veiv efficient 3ii prorlucing a hyperextension of the spine 
It 5=^ so effective, in fact, tlmt m ca'ses of minimal compie=?ion fractuies 
we Iwre occ.ision.iliy used it alone without a preceding plaster east 

Because the biace is so efTeelivc, its proiongeil use following removal 
of the cast lias the same effect on fixation of the postuwl deformity of 
incie.a®ed loidosis as does the cast. We have found this deformity to Ik- 
so difficult to eonect timt wo recently have begun to use the high spring 
cage brace (Fig. 94) as described by Magnuson This brace can bo made 
so that the lower half applies three-point pressure— that is, over the huf- 
toeks, the lower dorsal spme, and over the abdomen— so that there is a 
tendency to correct the lonlosm. Thh in turn tends to cause eorrcchon 
of the secoudaiy kjpho-.is in the dorsal area by active muscular effort 
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on the part of tlie patient in standing erect. At the same time the ventral 
uprights which end in flat knobs just below the clavicles prevent flexion 
of tlie spine with increase of u'oight on the incompletely healed vertebral 
dohy. 



Fig Ot — The high spring cage l»racc. 


Measures to Overcome Postural Deformities. — To ovcivome the 
postural deformities brouglit on by the treatment of the fracture wo liave 
favored the following program: The patient Is asked to use a liard, flat 
bed so that gravity may aid in stndglitening the spine. Ho is to have 
short lost periods during tlie <lay. We fee! that two or thi-ee rests of ap- 
proximately twenty minutes each, at intervals of thiee or four hours, do 
far more to prevent fatigue than docs a single much longer period of rest. 
Since sitting down is not rest for the spine, the patient is to assume a hori- 
zontal position, but whether supine or prone makes no difference. He is 
instructed in the “pelvic roll” exercise to strengthen the abdominal and 
stretch the gluteal and sacrospinniis muscles (Fig. 95). Bicycling from a 
supine position on the floor is done for the same reason. In doing this 
exercise the patient is cautioned against rocking up on the shoulders. He 
is instnictod to elevate the pelvis onb' about 1 inch and is to keep the 
legs pushing straight up from the hip joints as high as possible fFig. 90). 
To <lo this properly requires a great deal of strength in the abdominal 
muscles and the relaxation and normal length of the low back and ham- 
string groups. The patient is instnicted also to use a small w eight on the 
head at times in onler to give himself tlie “fed” of earrj'ing himself 
properl)'. 

ith the po-sible exception of a somew hat greater than usual emphasis 
on postural exercises following the removal of the corrective cast, wo 
bolieve this treatment corresponds quite closely to “accepted” anil 
“standanl” treatment and would differ little from that advocatwl in 
most textbooks. 
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Results . — In spite of attempting to attain and to maintain reduction 
in this way, however, we found that almost all of our cases showed some 
degree of residual compression at the end of the healing period In a few 
cases we found the same degree of compression as m the original post- 
fracture roentgenograms This was a rather rare finding, but equally rare 
were those cases which showed complete correction of the deformity at 




Fig. 05 —Pelvic roll exercise to etreogthen abdominal muscles and stretch 
posterior muscles 



the end of the period of healing Tlie great majonty terminated treat- 
ment with approximately one half the amount of compression present on 
the original film. 

Judged on a purely anatomical basis, we considered that our results 
were far from good Judged from a functional point of view, liowcver, 
our conclusions ^ere the reverse Function, as contrasted with restora- 
tion of anatomy, was good. Nearly all patients uere able to do the same 
kind of work as tfiey had done before the injury, and for as long a time 
w ith no more symptoms of fatigue or back pain or radiated pain. 



COMPRESSION FRACTURES OF SPINE 


199 


It may be possible to correlate the amount of sjTnptoms with injurj’ 
to the inter\'ertebral disk, as manifested in the roentgenogram by nar- 
rowing of the intervertebral ioint space, sclerosis of the contiguous joint 
surfaces, and osteophytic lipping and spur formation. It may be possible 
also to correlate the amount of symptoms with posture. Patients with 
good posture and without evidence of serious inter\'ertebral disk injury 
and degeneration tend to have good function without symptoms in spite 
of moderate compression (amounting to one third the height of the 
vertebra or less). 

Patients with poor posture, manifested by an increase in the lumbar 
lordosis and dorsal kyphosis, a flat chest, the shoulder girdle carried 
posterior to the pelvic girdle, the head thnist forward, or with serious 
degenerative disk change, tend to develop sjTnptoms referable to the 
back, whether or not there is wedging of the body of the vertebra. Hence 
the emphasis on postural training. 

It is not an unusual e.vperiencG to find a patient with an old, healed, 
compression fracture of the spine who denies any unusual “back trouble” 
and who has not known that he had a “broken back.” Careful questioning 
may bring out that this fracture probably resulted from a severe injury 
years previously. 

It is questionable whether fixation in the hyperextension position is of 
any value in recovery from the injurj’ of the intervertebral disk or in the 
prevention of degeneration in the disk initiated by the injurj’. The posi- 
tion is certainly not conducive to good posture, the other element in the 
production of symptoms. 

It is to be noted that almost all of these injuries were nonindustrial 
and therefore the question of compensation for maintenance of disability 
seldom became a factor. 

MANAGEMENT IN THE MIDDLE AGED AND ELDERLY 

The mechanism of injurj' in the middle aged and elderly is diflerent. 
In younger individuals, automobile and motorcycle accidents, diving and 
toboganning injuries, and falls from trees accounted for many injuries. 
At a more cautious and sedate age, falls around the home from chairs or 
low kitchen stepladders, and falls on icy walks or wet or waxed floors 
were more frequently responsible. Two patients suffered compression 
fractures as the result of electric shock therapy. Two individuals suffered 
compression fracture when they su.staincd “shock” from a loose electrical 
connection in the home. The muscular contraction is apparently so strong 
that fracture may be produced, not only of the spine but other bones as 
well. This is no longer so apt to occur because curare is more generally 
used prior to the use of shock treatments. Curare blocks the stimulus at 
the myoneural junction so that this particular danger is no longer a factor. 

Senile osteoporosis is frequently associated with compression fracture 
of the vertebral bodies beginning at the climacteric. This decalcification 
of the spine is associated in some way with the cessation of the production 
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of so\ hormoiiC', It troqiiently hcen m females but docs occur m males 
The menopause occurs m the late forties and early fifties whereas the 
male climacteric occurs much later. This discrepancy in age undoubtedly 
accounts for the discrepancy in frequency of osteoporosis on the sexes. 

The relatively decalcified spine of senile osteoporosis is structurally 
weak, and frequently such minor traumas as lifting a weight, sitting 
down suddenly, going over a bump in the road in an automobile at too 
rapid a rate, or such sudden muscular contraction as sneezing, ha%’e pro- 
duced compression of the vertebral bodies. 

In many instances these fractures involve the bodies of the mid-dorsal 
vertebrae AJtliough not so stated in texts, it has been our experwnco 
that fractures in this area are much more difficult to reduce than the 



mole fiecjuent fracture of the botlies nlnjut the dorsolumbar junction It 
is also much more difiicult to maintain reduction. In j’ounger individuals 
wo have used a body cast which included the base of the skull and the 
jaiv for fracture of tlie body of the ninth dorsal vertebra, or those verte- 
brae above it, as the most effective way of retaining reduction This pro- 
cedure is totally intolerable to the group of patients under discussion and, 
in addition, unnecessary, and may endanger the verj' life of the patient 
These considerations have led us to adopt an entirely different concept 
of treatment for these fractures in the elderly and middle aged. 

Often we accept the deformity that is present and make no attempt to 
correct it. This is particularly true in the patient with senile osteoporosis 
who presents herself one or two weeks after her injury because she does 
not seem to recover from her “lame back.” Frequently a few weeks of 
strapping (Fig. 97) followed by the use of a very well-boned corset will 
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effect complete ficedom from symptoms. Tlie coi-set should be front-lace, 
it should extend well up the back to just below the scapulae, and tliere 
should be a strong brassiere whicli comes down over the top of the corset 
in the back. Most women object to corsets with belts and buckles to 
draw them in, because they fear that these appliances may be obvious 
tlirough their clothing. If a corset is properly made and fitted, such straps 
and buckles do seem to he unnecessarj'. Heavy braces, sucli as the Taylor 
brace, in our experience, have been left quietly in some closet at home 
so frequently, that it has seemed better to recommend a less rigid sup- 
port that will be worn; and the more so since we doubt both the efficacy 
and the necessity of the Taylor brace. 

In most cases in this age group it will be necessary to hospitalize the 
patient because of the severe pain and disability attendant upon the in- 
jury' and the need for unintorrupte<l rest to the injured part. The patient 



IS placed in a “two crank" hospital bed which has an adjustment to ele- 
vate the knees, as well as one to elevate the liack rest. His head is placed 
to the foot of the bed and liis feet to the head, so that the injured verte- 
bra is just above the highest point when the knee rest is elevated (Fig. 
08). A hinged sectional plywood board is placed between the mattress 
and springs. 

For a few da 3 's some analgesic such as dcmerol or codeine and aspirin, 
in relative^’ small doses, and sedatives may be indicated. Pain produced 
by spasm of the back muscles is iisuallj’ in part roliev'ed by hot com- 
pie&scs. We believe that the most effective method of application of these 
compresses is that advocatetl bj’ Sister Kennj’. Occasionallj* curare for 
two or three days is of value in relief of painful muscle spasm. Of coui*sc, 
the drug must be used with some caution in elderlj’ people. 

The patient is strongly impressed with the danger of h’ing completely- 
passive; he is instructed to use deep-breathing exercises every waking 
hour, and to move arms and legs at inten-als. He is taught to contract 
one set of muscles against its opponents, after the manner of the pro- 
fe«rional “strong men” and “muscle builders." At first he is turned on 
ms side ami abdomen three or four times a day- by the nurses. Soon he 
becomes able to turn without aid and without pain. Pain is the warning 
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signal. He is told that what he can do without pain, at the time of activ- 
ity, or later, is permissible. 

He is given a diet high in protdns and vitamins, and supplementary 
vitamins are used. Elderly patients not infrequently have difficulty ob- 
taining a bowel movement under the circumstances, so a mild laxative 
IS used from the first. Vegetable oil retention enemas followed m the 
morning by tapwater enemas may be necessary. Fecal impaction may 
be e.tpected if active measures are not used. 

The spine is hypere-xtended for twenty to thirty minutes three times 
a day by elevating the knee rest while the patient is in tJie supine position 
with the injured vertebra just above the break m the bed fFig 9S). The 
degree of extension is gradually increased from day to day, as is the 
length of time spent m this position One must secure the complete co- 
operation of the patient, and he must be properly motivated by an under- 
standing of what one desires to accomplish by this procedure, for it is 
somewhat tiresome and painful 



Fig 30. — Active hyperetlension exercise 


From the first, the physiotherapist sees the patient at least once, and 
preferably twice, daily. At first she merely uses heat to the back and 
massage to relax and rest the muscles and trams the patient m deep- 
breathing exercises and in muscle setting. Within a day or tv. o she begins 
cautious active e.xtension cxcrci.xes with the patient in bed, prone {Fig. 
99). Later the patient may be transferred to the regular table by cart 
and much more strenuous active exercises be^n. Pam or spasm or 
fatigue is always the limiting factor a.x to rapidity of progress. Usually 
within a few days, sometimes after two to three weeks, the back is 
strapped, not for support but to act as a cheek-rein, a reminder that for- 
ward flexion of the spine is forbidden, and the patient starts to sit in a 
hard, high chair, to stand, and to walk. He is then given a high spring 
cage brace or a corset and js usually ready for discharge from the hospital 
some two or three weeks after admission. The postural exercises continue 
at home if neces«aiy under the direct supervision of a physiotherapist. 
The exorcises are to be persisted in at least during the period of healing, 
or not less than six months. 


COliCItISJON 

It is understood that there is nothing new in the method of treatment 
advocated. However, it is beliwed that good treatment is based upon 
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fine differentiation of cases; that the treatment of compression fractures 
of the spine in the middle-aged and the elderly should be different from 
that used for the same lesion in the younger ages. Emphasis is placed 
upon restoration of normal function of the back as a whole, rather than 
upon restoration of normal anatomy, 

ILLUSTRATIVE CASES 

The following cases are illustrative of types seen in this series. 

Case I . — A 68 year old, obese man entered the hospital on September 2, 1946, 
with a chief complaint of injury to his back. The day previously he had fallen a 
distance of about 8 feet from a ladder in the yard of his home, catching his weight 
on his feet and then falling to the sidewalk. He had immediate pain in his back 
and for a short time felt faint and sick to his stomach, although he did not vomit. 
Following the injurj’ any motion of the back was ver>’ painful. 

On examination his blood pressure was found to be 150 over 90; his pulse 76; 
his neight was 200 pounds; his height was 5 feet 91 inches. There was a marked 
kyphosis in the dorsal region with secondary compensatory lumbar lordosis; 
marked muscle spasm of the sacrospinalis on either side and exquisite tenderness 
on pressure over the fifth and sixth thoracic spines. There was no actual gibbus. 
A soft, faint, blowing systolic murmur was heard over the apex and the aortic 
area, and marked rales were heard over the anterior chest, especially at the lung 
bases. Deep reflexes were phj'siological and equal in both upper and lower ex- 
tremities, and there was no sensory change. 

X-ray of the dorsal spine showed a rather marked compression fracture of the 
sixth dorsal vertebra, The vertical dimension of the body of the vertebra was 
reduced to 12 mm. as compared to 22 mm. for the fifth dorsal vertebra. There 
was hj-pertrophic changes on the margins of several of the dorsal and lumbar 
vertebrae, and calcium was deposited in several of the intcrvetebral disks. 
Repeated electrocardiographic tracings were obtained which were compatible 
with the posterior coronary occlusion. Routine laboratory examination, including 
serology, complete blood count, urinalysis and biochemistry was normal except 
for a moderate elevation in the non-protcin nitrogen and an elevation of the sedi- 
mentation rate by the Westergren method to 18/85. 

The patient was placed with his head to the foot of the hospital bed so that with 
the knee rest up the back could be hj'pere.xtended. He was placed on a bland diet 
and given a mild cathartic. Hot compresses were applied to the back from the neck 
to below the hips for one hour three times a day. Deep breathing exercises were 
presc" ■’ • .. . - .... — 

was • 

at fir ■ 
sion 

^ter about two weeks he was given postural training exercises and hj’perexten- 
sion exercises in an upright position. He left the hospital after a stay of just short 
of four weeks, wearing a corset, and was instructed to continue his exerci«ies at 
iiome. 

This patient was re-examined in August of this year at the age of 71. He stated 
that he had no discomfort during ordinary' activities. He had no pain at night 
and no particular stiffne.«s in the morning. Ho did complain of back pain in his 
back after doing excessive exercise such as cutting the grass or walking more 
than a mile, but the tired aching tended to disappear after a short rest. There was 
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no raduitioii of pain to the legs or the buttocks llis back ordinaaly does not feci 
tired or weak, and he neais no support. He believes that he has no disability as 
far as his liaek is concerned. Back motions were found to be painless in all direc- 
tions, and motions iveie good considering lus age Tlieie was a marked thoracic 
kyphosis in the upper dorsal region of the senile type. There was no particular 
terulerne-s on palpation or heavy percussion of tlie spine. Hip and leg motions 
Here iioimal Straiglit leg raising was possible to 80 degrees I.as()gue’s and 
Patrick tests nere negative Reflexes in the lowei extremities nere physiological 
and pqu.al, and tlieie nas no sensory change 

Casl II —Tins 57 jeai old njiite woman /ell down the staiis in the daik at 
home on August 4, 1915 S)ie saj's that she fell herd over heels and came to rest 
on her shouldeis She had severe jiain in the back but was able to get into bed 
uitli the help of liei husband She was haspitalized on August 7, 1D45 Back 
motions ncie fouiul to be \ciy limited because of pam Muscle spasm was piescnt 
to a maiked ilogiee Theie was marked tenderness to palpation and peicussion 
Qvci the doisiilumbai logion Tlic patient had teJt nauseated shoitly after hei 
fall Refle\c.s iii the upper and lowci exlieinities neic normal, and theie was no 
seiiJ-ory di'liulwiiee General jihjsic.d examuiation levealed no pcitinent ab- 
norm.ality, and routine iaboratoiy stuilies were within normal limits X-iay 
examination of the spine revcale<) a compies-sion fiaetuic of the body of tlie elcv 
entli doisal xcitcbia, amounting to aliout one half the licight of the veitchiu 

Tieatincnt in tlie liospital consisted of reversing the patient's position in the 


a hypostatic pneumoin.i, the use of metamuiil to pievent fecal impaction; unci 
physiothcia[iy, starting first witli heat and nus^age to tlic back, latei adding 
prone liypei extension of the spine and thcii standing po^tiirol e\ei rises The 
patient was htted with u high, welMxiiiod eoi.set and was dischaigeiJ from the 
iio-spital after three weeks She was to continue the e\ei rises at iiome under the 
supers ision of a ph>'biotlierapist 

T)ii.s patient was also re-cxamined m August of 1948, three yeais after her 
injury At tins time she states that slie has no back jwm, weakness or instability 
Shetfoes all of her own housework without difficulty and does her own gardening 


or palpation of tlie sjnne, excejit slight tendeiness oxer the lumbosacral joint 

Case III. — A <j0 year old female was first seen in June of 19 fo because of pain 
111 the back She stated that si\ weeks proiously she had attempted to laue a 
window. The w indow was stuck, and she jerked hard on it. She had immediate 


She was told that she Iiad a muscular atiain and was given diatlirrmy tieatments 
several times a week wnthout benefit. 
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Evamiiiation levealed a tliiu asthenic individual nlio inclicateil the lower doi- 
val region on either side of the spine as the site of pain. Her general po«;ture was 
pool, tlieie being a marked increase in the dorsal kjTihosis and in the lumbai 
loulosis. Theie was no lateral curvature and no list. There was marked muscle 
spasm in either sacrospinalis group. Tliere was marked tenderness on palpation 
of the lower dorsal spine, and picssure here caused paiu to radiate into the ab- 
domen on either side. Back motions weie almost completely abolished. The 
patient moved with extreme caution because of p.im. X-rays were obtained w Inch 
showed a moderate compression of the l>ody of the tentli doi'^al vcitebia with 
martted geneiaWzed osteoporosis of tiio spine and peivis. li was f eil tViaV sVie iiaii a 
iiuukcd senile osteoporo.sis with old compression fractuie of the bod)' of the tenth 
doi-sal veitebnv, an<l marked poor posture. She was placed in the hospital and bi- 
lateral Rusccll traction applied with the patient in semi-Fowler position. Com- 
picsses were used for relief of muscle spasm and pain; traction w as maintained un- 
til the acute stage had passed in about ten days, and physiotheiapy consisting of 
heat massage and postural e.\crciscsttas started She wasdischatged from the hos- 
pital after three and a half weeks wcaiing a good coraet. The disability and pain 
associated with the hack injurj' giadii.ally cleareil u)i and she wa'. able to lead a 
normal life. 

Two and a half years later she had another episode of acute back pain after 
lifting a weight fiom the floor. X-rays revealed again a marked senile osteoporo- 
sis. Sliewiis given estiogen and andiogen medication; her back was strapped on 
several occasions; and lest iieriods were piescribed thioughout the day. She 
gradually impioved. She refused to continue hormone ticatments becau-e of the 
expense nftei only about three months of treatment. 

This patient was le-examincd in August of I94S. She weais a well-boned corset 
and saj’s that if she tries to get along without it her back tiies easily. She is able 
to do her own housework and considers that she has full activity, although she 
admits tlwt a one oi two hour rest after lunch makes her feet better. Examination 
at this time revealed the marked thoracic kyphosis and increased lumbar lordosi*. 
Back motions were not especially restricted; hip motions were normal; straight 
leg raising was possible to 90 degices on either side; and Lasogue’s test was nega- 
tive. There was no particular tenderness over the spine to paljiation or percus- 
sion. Deep leflexes w ere active .and equal, and there w'as no sensory disturbance. 




TREATMENT OF SCOLIOSIS 
FEnDINANT> Seidler, M.D * 

Ix discussing the treatment of scoliosis we must deal separately with 
the different tj*pes, t.e., (1) congenital, (2) idiopathic, (3) rachitic, (4) 
paraljiic and (o) ischiatic scoliosis, and (6) scoliosis due to chest disease 
and rib resections. 

CONGENITAL SCOLIOSIS 

Congenital scoliosis is characterized by a sharp rigid cun’O involving 
only a small part of the spine, mostly the upper thoracic or cemcal 
region. There we see vertebrae fused together, fused ribs, hemiverte- 
brae, spina bifida and so on. If the liemix'ertebrae are sjTnmetrically 
distributed, the weight-bearing alignment of the spine is not disturbed; 
if not, a sharp curve may be found. But as the area involved is, as a rule, 
not large, the deformity is easily compensated. There are reports in the 
literature of e.xcision of hemivertebrae. Such heroic treatment will 
seldom be warranted. 

IDIOPATHIC SCOLIOSIS 

Idiopathic scoliosis remains an unsolved problem. I shall not discuss 
all the different theories of its ctiologj'. One needs a working theory, how- 
ever, and I should like to present my own conception of this problem. 
The existence of a physiologic scoliosis is now generally accepted. It is in 
80 per cent of the cases a right conve.x dorsal, left lumbar scoliosis. The 
asiinmetric distribution of our inner organs and our uneven gait seem to 
be the factors at work. It is not seen before the age of G and increases mth 
advancing age. Structural changes are seen in the aged, according to 
Farkas. We see wedge-shaped vertebrae at the apex of the cur\’e, rhombic 
between the wedge-shaped and the neutral ones. The transverse processes 
are in the frontal plane on the concave side, and in the sagittal plane on 
the conve.x side. There is a change in the direction and shape of the 
articular processes. The axes of the body and of the neural arches form 
an obtuse angle open toward the concave side. The foramen spinale is 
egg-shaped instead of round. 

Changes identical wth those of pfaj-siologic scoliosis are found in the 
idiopathic tj’pe, but in the latter thej- am much more pronounced and 
aggravated. There is an inherent deforming factor in every spine. 
\\’hetber we shall stay straight to ripe old age or develop a k^^ihosis or 
scoliosis depends on the equilibrium between our endeavor to attain and 
maintain the erect posture and this deforming factor. If the deforming 
factor uins the upper hand in the growing period, then a severe deformity 
will result. ■\Miile a fully developed normal bone will slowly and in 
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limited extent change its shape under mechanical stiess and strain, the 
growing bone can be easily molded, the epiphyseal plate mil change it.s 
direction of grow th under unequal prcssuie 
\\Tiat is the reason that some children lose the hght against this 
deforming factor? Heredity might be one. Every orthopedic surgeon has 
histories of a few scoliotic families in his file. Insufficiency of the back is 
another reason. Tins, of course, is a vague term. These children are tired, 
anemic, do not gain n eight properly. There is a disproportion between 
the bony development and their muscular ligamentous system. The 
result is poor posture The usual or hahilual posture is hetueen the fulb’ 
relaxed and the riect or militaiy postuie. The closer the habitual posture 
comes to the fully relaxed one, the poorer it is 
The influence of school life upon the development of a .seohosis is an 
open question. Much has been n ntten about the bad influence of .sitting 
for long poiiod.'., of improperly built benches, about the distance of the 
chair from the table, about the difference m height between chair and 
table If the table is too low the child has to stoop, if it is too high tlie 
child has to pull up his arm and shoulder in writing and cuiwe the spine. 
These, of couisc, are aggravating factors but they are not the cau&e 
of scoliosis, the child brings tlie scoliosis to school Hut the school 
cannot be relieved of its responsibility completely Periodic examina- 
tion of all cliildicn by a competent orthoptic man is essential. The 
weak hack, the poor postures, the scoliotic postures and the real scoliosis 
should hr found lilcvution of one .shoe or a slanting scat to counteract 
the inclination of the pclns to one side may be enough m many in- 
stances. Rest periods and frequent stretching with deep breathing during 
classes may he proKTilied More time should ho given to play and 
exercises 

This brings us to the question of special exercises for the scoliotic. To 
be frank, I never saw much improvement in the cases I referred from the 
clime to the vi.siting nurses’ association Besides, no exercises are indi- 
cated for the real insuflicicncy of the back. A horse that is on the vrrge 
of breakingdowTi does not need the whip, it needs oats and rest. The same 
holds true for tlie-s? ovenvorked muscles, which scarcely can keep the 
body erect They do not get stronger by being tired out some more. 

" ' ’ i cases. Muscles do not atrophy m 

erector spinae muscles, can ork, 
hen the constant strain of keeping 
the body erect is taken from these muscles, they can be e.xercised sen'jibly 
Bolder showed m his treatment of fractures of the spine by vigorous 
exercises in a plaster corset, that the full strength of the back was 
retained. 

More involved becomes the problem of scoho-sis with structural 
changes. We shall consider first the most common type — a left convex 
lumbar, right dorsal scoliosis In our opinion the lumbar curve is always 
the primary one and the dorsal the coropensatorj’. But this is not im- 
portant. The important question is, which curve is rigid and which is 
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flexible and how much flexibility is left or are both curves rigid? If wo 
admit the theory' that an uneven gait or a lateral inclination of the pelvis 
is an etiologic factor, then the first sjTnptoms should occur in the lumbar 
spine. The lumbar spine curves with the convexity to the left. Tliis curve 
as a rule comprises the whole lumbar spine, the twelfth dorsal being the 
neutral vertebra. The whole bodj' is now leaning to the right. As our 
organism tries by all means to keep the head up, with the ej'eline hori- 
zontal, the dorsal spine has to bend back in opposite direction. When one 
tries to straighten a young tree that is leaning to one side, one would not 
tie a rope around the tree close to the ground and pull, as this would take 
too much strength. One fastens the rope as high up as possible and pull-^. 
^^Tlen the tree is still flexible it will bend. The same liolds true for the 
spinal column. The part of the muscle attached to the lower part of the 
dorsal spine cannot straighten it. The portion higher up, working under 
more favorable mechanical conditions, 'vill accomplish it. And as long 
as the spine is a flexible road it will bend. If the upper part bends too 
much, then the cervical spine has lo compensate that by a coimtcr'Ciirve. 
The doi-sal curve has to be kept in this position to maintain the upright 
po.stiu*e and rapidly becomes rigid. Furtheimorc, the dorsal spine witli 
the thoincic cage is more rigid than the lumbar spine and therefore u 111 
always be the more rigid curve, which however does not imply that it is 
the primnrj’ one. 

Everj' case of structuial scolio*<is is n serious jiroblem, but not ncce'<- 
sarily a surgical problem. Some cases respond well to conservative tmat- 
mont. Assuming again that the lumbar curve is the primary one, we try 
to straighten this curve, trusting that the dorsal curve will take caic of 
itself. Taking again a patient with a left convex lumbar, right doi^al 
curve, we bend the body to the left side. We apply traction uitli the 
Glisson sling and let the patient step to the right, right hand high and 
left arm horizontal. It is a matter of experience how much conection to 
give the first time. Even if the lumbar spine could be straightened com- 
pletely, the dorsal curve would not yield and the child could not 
straighten out. 

We give as much correction ns we deem advisable and put on a plaster 
jacket that fits well around the pelvis and extends as high as the apex of 
the dorsal curve. This upper edge has to bo well padded with felt. We 
let the patient lie in bed a few days and use traction on the head in the 
beginning. If proper judgment is exercisc<l the patient will straighten out 
shortly. The cast is changed periodically and finally replaced by a brace. 
1 he treatment takes years, I admit, but little time is spent in the hospital 
and the children arc not handicapped at all. If wo get a straight shoulder 
line, no prominence of either hip and a strong back, we call the result 
satisfactorj', even if a slight, well compensated curve persists. 

This method is highly useful and pves some improvement in the ease 
of a high thoracic curve tliat cannot be treated in a Risser jacket. There 
are two t>’pe.‘? of cases, ho\Yever, wdiich cannot be treated successfully by 
this method, namely tlic rigid backs that cannot straighten spontane- 
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ously and the ones tliat will correct but for some reason or other will not 
hold the correction 

This brings us to the severe tj^je of structural scoliosis that has to be 
corrected forcibly. A thorough analysis of each case is important. Good 
.\-ray films which allow e.\act recordings of the cuiw’cs and the pehuc tilt 
test are essential Should it be the case that the lumbar spine is rigid too — 
a so-callcd double pnmar}’ curve-then the lumbar curve would need 
forcible correction and fusion also If this is not done, a prominent hip 
results and a high heel lift is necessary to secure bodj' balance This is 
certainly not a desirable result Outland suggests the use of a Risser 
jacket with two hinge.s and two tumbuckles to correct both cuiw'es simul- 
taneously. Fusion of the whole spine w’ith interlocking tibial grafts is 
done afterwards. 

A more desirable procedure might be to obtam as good a compensation 
as possible by the Steindler derotation method and fuse one curve to 
prevent progress of the deformity. 

The forcible correction may be done in the Risser hinge jacket, prob- 
ably the most widely used method. A well applied Risser jacket is a w-ork 
of art. Its application requires some experience and practice and a well 
trained nursing staff I would not advise anyone to attempt to apply one 
after only reading its description or having watched its application once. 
The proper equipment is also essential 

Lc ^lesuner uses a iiammock. Blound and Schmidt constructed a com- 
Iplicatcd mechanical appliance. Von Lakum cuts the cast m two places 
and pulls the middle p.irt straight lateral against the top and bottom 
parts, getting good correction that way. Thomas in Liverpool puts his 
patients to bed for eight weeks on a frame with lateral pressure pads. The 
method with which one is most familiar will probably be the one that 
is used. 

All methods, if successful, secure a certain amount of correction in a 
comparatively short time No increase m force or length of time will be 
of avail The result of undue force is pressure sores, brachial parab'sis, a 
sore mandibular joint with malocclusion — too high a price for a few more 
questionable degrees of gain 

Before the cast is stabilized for the operation a derotation of the dorsal 
spine improves the appearance of the back considerably. 

Just a few words about the rotation. The spinal column is a rod with 
different degrees of flexibility in its posterior and anterior portions. 
AATiile the neural arches bend sidmiaj^ readily the vertebral bodies can- 
not bend in a cuiwe of the same radius. They need a laigcr radius, conse- 
quently they have to move farther away from the miclline w’hich brings 
about the rotaiy motion. The rotation is firmly linked to the lateral 
motion. The lateral motion is the wide excursion, the rotation is on a 
small scale. Any attempt to influence the skle motion by a rotary force 
is mechanically unsound. The Galeazzi derotation machine is ready for 
the museum. Steindler calls it preposterous to try to derotate the thorax, 
as the spine has rotated too far tovvard the nbs already. Hibbs says that 
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(Jerotation improves the appearance but does not add to the correction 
of the lateral curve. But patients do not exhibit their x-ray films — they 
show their backs. They undergo the whole ordeal of this treatment to 
improve their appearance. Anything that serves that purpose is worth 
doing. 

After the correction is obtained the fusion area is determined. The 
principle of delineating the fusion area has been well laid dorni by 
Ferguson. But I would like to caution against extending the area too far 
down into the lumbar cun’c, if there is some rigidity. It is better to lose 
some correction due to too short a fusion than to risk either a pseud- 
arthrosis or an unsightly high hip which will be a source of trouble in 
adv'anced age. 

In the fusion operation, it seems accepted by the majority that ex- 
posure of the laminae on the convex side is not necessary. Reinforcement 
of the fusion by bone grafts is desirable, however. 

End results varj' according to different reports, statistics showing 
from 40 degrees final correction to as low as 5 degrees. The result depends 
first on the original correction obtained, secondly on the firmness of the 
fusion, and last but not least on the area of fusion. We fused the rigid 
dorsal cur\’e, not the primary' lumbar one. There the deforming factor is 
still at work. The key to the situation is the area where the lumbar curve 
changes into the counter curve. If motion there is eliminated by extend- 
ing the fusion far enough down, then the lumbar spine cannot bend with- 
out throwing the whole body out of the weight-carrying line. The erector 
spinae muscle uill counteract this with all its force. Its most efficient pull 
is on the upper end, as stated before. If this upper end is not a flo.xiblo rod 
any more as a result of extending the fusion area up high enough, body 
balance will be maintained without cun'ature. 

RACHITIC SCOLIOSIS 

The rachitic scoliosis follows the pattern of the idiopathic type. The 
difTerence is that the deforming force acts here upon a pathologic soft 
bone in early infancy. Outside influences have a much greater effect on a 
rachitic spine. The practice by some mothers of carrying infants on one 
arm uhere they sit with a slanting pelvis, the upper body curv'cd against 
the woman’s chest, certainly creates a beautiful S cur\'e. Spitzy stressed 
the fact that scoliosis was not as frequent in Japan as in Austria although 
the incidence of rachitis was the same. The explanation is that Japanese 
mothers carry their babies on the back, not on the arm. 

We seldom see a case of idiopathic scoliosis before the ago of G, and few 
before the second period of rapid growth. The rachitic scolios^is on the 
other hand is seen in early infancy. 

The treatment of choice is the use of a plaster of paris bed coupled 
with a general antirachitic regimen. If these children will he twenty-four 
hours a day in the ovcrcorrected position in a plaster bed or a Bradford 
frame, remarkable correction can be obtained. The plaster bed is prefer- 
able as it gives better immobilization. It is tilted about 45 degrees. The 
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children lie on the dorsal convexity, vrith head and pehns lower A mild 
polling effect is thus exerted on the dorsal curve More felt pads can be 
adtlffl for more correction and the plaster shell of course is renewed from 
time to time The bed is finally replaced bj' a body cast nhen the im- 
provement is enough to allow ambulation. By these means severe de- 
formitit?s can be prevented. Old rachitic curvatures are treated like the 
idiopathic ones, but the results are less favorable since the bonj’ de- 
formities are too pronounced 

Mention should be made of a cun'c appearing at the age of late rickets, 
nhen ne '■ee eo.\a vara nnd Schetiermanti's iQ-phosis We see it in boys 
nho quit school early and start iiwkingtoobard- Thecvn’i-isconSncd to 
(he dorsal region without much lumbar im’olvement It is obviously a 
di'^turbance m the cartilage plates which are the growing center of the 
i ertebral b()die« Schaefer and Purcell's treatment of idiopathic scoliosis 
n uh de,«.iceatcd thyroid might be indicated in these ca.^es 

PARALYTIC SCOLIOSIS 

An entirely different problem is (he scoliosis due to poliocnyeiitis. We 
know how irregular poliomyehtw is in its distribution. Any muscle or 
number of mu.'clea maj be mvoli’cd They oifl)* be only shgiitly weak- 

‘d, severely <iamaged, or completely and perumnently paralyzed 
i Blien wc then consider the munberof muscles arranged symraetneally 
on each side of the spine acting partly synergetic, partly antagonistic to 
each other, the mu«clcs on the front of the abdomen acting synergetic 
or iintagoniatic to each other and to the back muscles, the muscles con- 
trolling the position of the pelvis m relation to the spme and the ex- 
tremities, u e can ui a measure appreciate the infiode number of eombma- 
tions and variations of disability that may be possible. 

Blien we deal with a paralyzed leg or paralysed arm we can analyze 
the case thoroughly and reach a conclusion of the damage done. We can 
figure out exactly the deformity that might result and can take precau- 
tions accordingly and outlme the tre-ntroent. Such analysis is impossible 
in the trunk The motion is too complex. Most mtiscles are too deep- 
seatetl for electric examination 

Therefore, we tliould in every case of poliotnj'ehris be on the alert for 
spine in\'ol\'cnient c^'en if there js no obxious loss of motion. If we find 
Kime weakness of the abdominal imi‘*cles or any loss of motion m the 
spine or pelvis, treatment is imperative. Treatment means ab.solute 
bed re'.t on a hard mattress or Bradford frame for manj* months. But 
even recumbency will not eliminate unilateral rotary' pull We might see 
rotation develop in spite of strict recumbenoyr especially the vicious 
rotary effect of the oblique abdotninal muscles, which is as a rule under- 
estimated. The rotary' deformity' wOl lead to lateral bending as soon as 
weight bearing is started. Good mipport is essential during the time of 
recovery to prevent deformities. Fortunately many' patients do recover 
without apparent ^colio3^«; or with only a .slight one easily compen- 
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sated. For the severe tj'pe of paralj’sis with complete loss of stabilitj', 
fusion is indicated. 

It should hard!}’ be necessarj' to mention that bcfoie dealing with the 
spine a thorough e.xamination of the whole patient is important. We 
watch the gait, note any inequality in leg length or limp, note the posi- 
tion of the pelvis, forward tilt or lateral obliquit}'. We have to start at the 
foundation, sec figuratively that the spine rests on lev'el ground. I refer 
you to Leo Mayer’s work for the method of coriecting an}* fixed pelvic 
obliquity. The spine is fused after correction in the usual way, the same 
mles.as for idiopathic scoliosis apply here. 

We have all observed that a well fused ankle will develop a deformity 
again if a one-sided muscle pull is allowed to persist. The same holds tme 
in scoliosis. Some patients lose almost all correction in spite of solid 
fusion. Muscle transplantation around the trunk has only a limited field, 
but some interesting work has been done ndth fascial implants by 
Louman and Colonna. My own experience in this field is too small to 
permit conclusions. I would like only to stress one point in those cases of 
paralysis of the sacrospinalis muscle. It is generally accepted that the 
strong sacrospinalis is on tlie concave side. There arc cases, however, in 
which the strong sacrospinalis is on the convex side. The patient cuivcs 
the spine against this muscle to get a moic cfiicicnt pull, hanging so to 
say on this muscle and preventing the spine from tilting toward the 
paralyzed side. This should he considered before an implant is done. 

SCOLIOSIS DUE TO RIB RESECTIONS AND EMPYEMA; SCIATIC 
SCOLIOSIS 

Scoliosis duo to rib resections and empyema depends on the extent of 
the previous surgery, the amount of scar formation and the age of the 
patient. Tlie piocoss is self-limited and usually needs no treatment. 
Rib resection as a treatment for scoliosis might bo mentioned here. Ribs 
have been resected on both the convex and the concave sides. The results 
were not encouraging. 

Sciatic scoliosis is definitely a position of pain. The convexity is as a 
rule toward the sound side. Sometimes we sec the convexity toward the 
affected side and some patients change, present one day aright, the ne.xt 
a left convex lumbar scolio-is with the sciatic pain constant in the same 
leg. The scoliosis disappears uith the relief of pain. But the treatment of 
neive root irritation and pathologic disks is not within the scope of this 
paper. 

PERSONAL 

My own interest in scoliosis was roused when as a boy of 7 it 
u'as discovered that I had a cur\'aturc. I was taken to an orthopedic 
institution. Whoever has seen one of these institutions in Austria or 
Germany in the nineties knows that they looked and felt like a torture 
chamber. There I was bent over one bar, hung in another apparatus 
stretched in dilTcrent directions on a third. Crawling clockwise and 
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counter clockwise and going through all kind of contortions were part of 
the program. And I straightened out completely. 

During and after the first World War I saw, ivith my associates, 
Imndreds of curvatures m the orthopedic hospital in Vienna, severe 
rachitic ones, and many paralytics idter two severe poliomyelitis epi- 
demics. We had an abundance of cxpenence in putting on jackets and 
saw .some remarkahie improvements. We saw the Abbott east come and 
go. We straightened severe curves on the Wullstein frame and con- 
structed ingenious braces m an attanpt to perpetuate the result. But we 
could not; as a matter of fact, many of the severe curi'os became worse 
after mobilization 

It is the spinal fusion m proper indication and correctly done that has 
meant great progres,s in scoliasts therapy. Even uith it the final amount 
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BACKACHE FROM AN INDUSTRIAL STANDPOINT 
Carlo Scuderi, M.D. Ph-d., F.A.C.S.* 

One of the most complicated and perhaps one of the most confusing 
of all industrial medical complaints is “backache.” Every 3’ear thousands 
of patients present themselves to the doctor with this complaint which is 
usually the result of an industrial injurj’. To say that this one symptom 
complex causes the loss of millions of working hours and costs millions 
of dollars in medical care and compensation is not an exaggeration; it 
perhaps represents a conservative estimate. No one has a universal solu- 
tion to all aspects of this problem, but some practitioners have a better 
perspective and more information on this subject than others, and, 
consequentlj’, with the administration of better medical care, a reduction 
both of the cost of medical care and the loss of working hours can be 
effected. 


An early, accurate diagnosis with adequate medical care must be con- 
stantly souglit for, Undertreatraent and overtreatment of a backache 
are measures which arc extravagant not only from the viewpoint of time 
and money but which, in many instances, are harmful to the patient. 

An accurate history of the type of back strain or trauma incurred is 
most important. A fall from a distance is apt to produce a much more 
serious injury tlian that which maj’ result from a simple stooping-over 
motion such as getting a file out of a drawer. An injuiy' that produces its 
ma.\imum pain immediately, with later improvement, falls into a differ- 
ent categorj' from one accompanied by pain which becomes more in- 
tensified daily and ultimately develops into severe sciatica. 

If a person has a complaint of backache sufficientlj’ severe to necessi- 
tate seeing a doctor, that individual should be considered ill enough to 
require the removal of all the clotlies necessary for a complete view of 
the back and extremities, keeping onij' enough covering to prev'ent un- 
necessary personal exposure. Talking to a patient for a minute or two 
and then giving oral medication without even ha\nng the patient remove 
his hat or coat is a practice which should be severely condemned. 

A thorough phj’sical e.xamination of the back and legs includes, first 
of all, observ’ation. INIuscle spasm, muscle atrophj', position of the verte- 
bral column, ranges of back motions in all directions, gait of the patient, 
and the manner of getting on and off the examining table are obsen'a- 
tions which should be carefully made and recorded. 

Palpation of the back for points of tenderness, episacral lipomas, and 
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counter clockwise and going through all kind of contortions were part of 
the program. And I straightened out completely. 

During and after the first World War I saw, with my associates, 
hundreds of cur\’atures in the orthopedic hospital in Vienna, severe 
rachitic ones, and many paralytics after two severe poliomyelitis epi- 
demics We had an abundance of experience in putting on jackets and 
saw some remarkable improvements. We saw the Abbott cast come and 
go. We straightened severe cura’es on the WuUstcin frame and con- 
structed ingenious braces in an attempt to perpetuate the result. But we 
could not, as a matter of fact, many of the severe curves became worse 
after mobilization 

It is the spinal fusion in proper indication and correctly done that has 
meant great progress m scoliosis therapy. Even unth it the final amount 
of correction is sometimes not great. Some of my most thankful patients 
have not more than 10 degrees correction. But even this is sometimes 
responsible for a decided improvement in appearance. The patients feel 
well compensated and lose the aivful feeling of fatigue and strain that 
goes with an insufficiency of the back. 
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for the back and by stretching some of the ligaments or muscles beyond 
their normal tensile length they are tom. Naturally this area wdll become 
sore and remain tender for some time. WTiat this back needs is rest, not 
manipulation and massage which tend to aggravate the condition. Early 
application of heat is definitely contraindicated since it produces local 
hyperemia with further capillarj' oozing and increased throbbing in the 
area. Avoidance of work, taping of the back, use of bed boards, and the 
administration of oral analgesics are all that is necessar>’. These patients 
usually feel much better in a week or ten days and can return to their 
former work. Heat, massage and graduated c-Kercises are indicated only 
if the patient has stiffness of the back with limitation of motion. Physical 
therapy should be gh’en only by a qualified physical therapist. 

Major Sprains and Strains of the Back. — ^These injuries arc associated 
with actual tearing of major ligaments of the back and sometimes with 
tearing of muscle fibers. Hemorrhage occurs into the area with subse- 
quent swelling, well localized pain, muscle spasm, and restriction of back 
motion. These patients require a more rigid program of rest and immo- 
bility, and it is nccessaiy in some cases to apply a form-fitting torso cast 
to achieve this goal. The cast should be worn for five to she weeks, by 
which time adequate healing will have occurred. It can then be removed 
and bed boards recommended and physical therapy begun to slowly 
increase the amplitude of back movements and to increase the muscle 
tone of the back. 

Congenital Malformations of the Back with Aggravation by Trauma. — 
These present a real problem in industry'. If a man sustains definite, 
irreversible aggravation of a congenital malformation as a result of an 
injurj', then the industry, in the eye.s of the law, is responsible for the 
complete care of the aggravation as well as the existing malformation. 
Usually, however, the aggravation of a pre-existing condition is not irre- 
versible and can be successfully treated, so that at the termination of the 
medical care the back is in the same condition as it was prior to the in- 
jurj’, and the industry' is responsible onlj' for the aggravation until it no 
longer exists. . 

Honest, competent medical care is priceless under these circumstances. 
The various tj'pes of congenital malformations of the lower spine arc 
numerous; however, the more common types are spondylolisthesis, spina 
bifida and abnormal articular facets. 

Acquired Back Disabilities with Aggravation. — In this group of case.s, 
^ in the previous group, only when the aggravation of a pre-exi.'iting 
i^urj’ is irreversible as a result of an industrial injury’ should the industry' 
be liable for the entire care. Othenrisc it should be responsible only’ for 
that treatment which will enable the patient to reach a phase of well- 
being equivalent to that he enjoj’cd prior to the injury. Included in this 
poup are the osteoarthritic spine, scoliosis of the spine, and old destruc- 
tive changes of the inteiwertebral didca with narrowing of the interspace 
marginal sclerosis of the adjoining vertebral margins, 
inose cases which show only temporary’ aggravation of a previously 
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existing pathological back condition respond well to the treatment out- 
lined under minor and major sprains and strains. 


the symptoms. Various types of acceptable spinal fusions are known to 
every orthopedic surgeon. The operating surgeon should use his own 
judgment as to the technical details. FoUowmg a spinal fusion a period 
oi approximately six to eight months is necessary to obtain a solid bony 
union of the facets and the grafts 

Ruptured Intervertebral Disk. — ^The ruptured intervertebral disk syn- 
drome has made a tremendous impression on both doctors and the laity. 
Many believe themselves to be thoroughly conversant with the subject 
but few really understand it. Consequently, almost daily one sees cases 
diagnosed as ruptured intervertebral disk, purely because the patient 
has a backache following an mdustnal trauma 

A few words of explanation will simplify the matter and refresh one’s 
memory. It is well knoivn that the intervertebral disk is a cushion or a 
shock absorber composed primarily of fibrocartilaginous material with 
a high fluid content interposed between the vertebral bodies. The peri- 
phery of this shock absorber is well confined by dense ligaments. Only 
‘ when the posterior longitudinal ligament is torn and the annulus fibrosus 
' ates into the neural canal and presses on a nerve root does it assume 
f irue clinical importance. A fact which is not loo commonly known is that 
the intervertebral disk can herniate into the body of the vertebra, to the 
lateral sides of the body of the vertebra, and anterior to the body of the 
vertebra without producing significant clinical manifestations. The 
greatest number of clinically significant himiations, producing pressure 
on a lumbar nerve root, occur at the interspace between the fifth lumbar 
and first sacral vertebrae, some occur between the fourth and fifth lum- 
bar vertebrae, and occasionally a rupture of a disk occurs at a higher 
level. 

Objective Signs . — The nerve roots in this area are mixed nerves, carry- 
ing motor and sensory fibers. Naturally, when pressure is brought to 
bear on such a nerve, pain along the sciatic nerve becomes an outstanding 
and persistent subjective symptom. Slowly, as changes occur m the nerve 
filaments, the first objective sign — areas of hypesthesia and later anes- 
thesia — can be carefully plotted out on the legs and foot Owing to the 
direct pressure on the motor fibers, pain, and lack of sufficient use of the 
leg, the second objective sign, atrophy of the thigh and calf muscles, 
becomes detectable. This can be accurately and simply determined by 
taking comparable measurements of the thighs and calves of both legs 
Because of the decreased function of the sensory and motor fibers as a 
result of pressure on a mixed nerve, the reflex arc is disturbed in its 
efficiency, its function becoming either impaired or completely abolished. 
A third cardinal objective symptom now comes to the fore, a decrease 
or absence of the Achilles reflex. Thus, if I may be permitted to repeat 
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myself, in a typical case of ruptured inten'ertebral disk the follouing 
cardinal triad of objective sj^npioms is present: 

1. Hj’pesthesia or anesthesia that follows a definite anatomical ner\’e 
root pattern. 

2. Atrophy of the thigh and calf muscles, slight if the pressure is of 
short duration and marked if the pressure has been of long duration. 

3. A decrease or absence of the Achilles reflex. 

Sometimes all three of these objective findings are not prominently 
present, but careful and repeated examinations will rarely fail to show 
all three at the same time in a case of ruptured intervertebral disk with 
nerve root pressure. 


Localization oj the Lesion. — ^Because of the overlap of origin of the 
nerve filaments that arise in the spinal cord and descend into the lumbo- 
sacral plexus, one cannot definitely and accurateb' localize the exact 
interspace where the rupture has occurred by a clinical examination onlj'. 
Exact localization can best be made by myelographic studies, using 2 cc. 
of pantopaque. Fluoroscopic and x-ray studies of tliis nature are efficient 
and simple. Usually all of the pantopaque can be removed after the x-ray 
study, but if some is left behind it should not cause grav'o concern since 
it is nonirritating and is eventually absorbed. As in all x-ray diagnostic 
studies, there is an clement of error in the interpretation of the findings, 
but the percentage of inaccurate diagnoses should bo less than 3 per cent 
in the hands of e.xporienced persons. I feci strongly that, because of tiio 
possibilities of error in the clinical dmgnosis and the difficulty of localiz- 
mg the lesion, rarely should a patient be operated upon for a nipturcd 
^*1 piintopaque studies arc made and show a definite inteiA’crte- 
bral filling defect. The indiscriminate removal of several laminae to ex- 
plore the anterior surface of the neural canal is to bo severely condemned 
tweause it not onlj' adds an unneccssarj' element of danger, but weakens 
le back structurally. I am fully aware of disagreement with these views, 
ut I believe that further study, experience and careful review of past 
cases and their results will slowly tliin out the ranks of the opposition. 

ndications for Associated Spinal Fusion at Operation. — If a ruptured 
t is exists, its removal is indicated before irreparable damage occurs to 
t ic nerve root. The technical details of its removal arc well known to all 
^'perienced m this field and are not within the scope of this discussion. 

c importance concerning which there is great 

01 opinion is whether or not an associated spinal fusion should 
per ormed. One should not be swayed by tradition, geographic loca- 
‘rp-iP> on this subject. A rational solution will eventually bo 

fhis question only after years of careful stud}\ From the ex- 
in ° spinal fusions advocated by neurosurgeons to spinal fusions 
treated cases advocated by some orthopedic surgeons, 
Jinppy medium. I do not wish to imply at all that my 
^ correct ones, as I recognize all too keenly some of their 
birl- ^ unless titcrc is definite evidence of as.sociated 

a ility prior to the operation, or as the result of bone remo^'al 
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at the time of operation, a spinal fusion is not indicated unless one fails 
to find a ruptured disk m the explored area A spinal fusion may then be 
done m the hope that the stabilisation of the lower back will have a 
beneficial effect 

Some ol tlie more common indications for an associated spinal fusion 
at the time of the removal of the disk are: (1) spondylolisthesis; ( 2 ) pre- 
spondylolisthesis ; (3; spma bifida; (4) abnormal, inefficient lumbosacral 
facets; (5) marked osteoartbrith of the lumbosacral area; (fi) excessive 
bone rcmovxal at the time the disk was removed; (7) a loose lamina of 
the fifth lumbar vertebra found under direct vision at the time of surgory 
of the ruptured disk. 

Postoperutively, patients can return tolight work m three month-i and 
hard work m six months. Prolonged litigation is not conducive to a rapid 
recovery m tlicse case?. A relatively early settlement is most liencficial 

Psychosomatic Backache. — Puychosomaiic backache l^ a real problem 
in industrial cases For this reason, everyone who treats backache should 
have some knowledge of psychiatry m order to avoid elaborate or pro- 
longed treatment. Operation in these cases should certainly be avoided 
unless the indications are beyond any question of error, sitice the patients 
never get better, never move out of the neighborhood, outlive the tloctor, 
and forever haunt him m hU practice This group of cases followa a more 
or less definite pattern. Patients complain profusely and go into the mi- 
nulost details In spite of their complaints the back and log muaefes 
appear normal There is no well loealtted pomt ol pain, it vanes during 
the examination and from examination to examination. There is hjTies- 
iheMa of the u hole leg throughout its entire circumference The patients 
g«'em to enjoy their poor health because they now have an excu&c for not 
doing the things they have always hated, such os arising in the morning, 
working for a livelihood, and waiting on tbcm'selves. Suddenly they can 
stay in bed as long as they wish, they do not have to ivork, and tliey can 
have others wait on them. WTiat an ideal situation^ Itliy get better? 
Most unforltinate arc the family, the doctor and the industry inflicted 
with one of these constitutionally inadequate persons. 

Backache from Other Causes.— One should not forget that backache 
is also caused by diseases other than those of the musculoskeletal sys^tem 
These include such conditions as obesity, endocrine disturbances, di-^- 
easoR of the genitourinary and reproductit^e system, and diseases and 
tumoTS of the rectum and sigmoid. It should also bo remembered that 
for cetvUmcs people sufforod and were cured of sciatica before Mixter 
and Barr awakened the medical profession to the presence of a ruptured 
intervertebral disk. 


REHABIUTATION 
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graduated exercises in the later stages, do much to mobilize the semi- 
rigid back. Wiere prolonged inactivity or immobilization has caused a 
fibrorayositis of the back, gentle raanipulation under ligiit anesthesia 
frequently gives remarkablj' favorable results. This procedure should 
be kept in mind when normal spine flexibility is not regained under more 
conservative treatment. 

Horse trainers and athletic trainers have kno^^■n for generations that 
an injured horse or athlete cannot go back to full activity on the day his 
injurj’ is believed to be cured. A breaking-in period or a program of re- 
habilitation is followed so that each daj' an increasing!}' difficult task 
is undertaken until such a time ns the horse or the athlete has regained 
the ability to undertake unrestricted activity. 'Why has industrj’ failed 
in many instances to do likewise? Two reasons suggest themselves: first, 
because industrj’ does not have a sufficient variety of jobs to permit giv- 
ing an employee a graduated type of work until he is able to do unlimited 
work as he did formerly, and secondly, because it does not have ade- 
quately trained personnel to intelligently undertake “job reclassifica- 
tion.” A .suggested pattern for job rehabilitation might be divided into 
the following four groups: fl) light work, part time; (2) light work, full 
time; (3) heavy work, part time; (4) heavj' work, full time. Tins rehabili- 
tation program could be terminated when the patient has reached the 
period of rehabilitation that places him in his former categoO'* 
Unfortunately, industry will forever have litigants who will bo eter- 
nally prolonging law suits and constantly coming in with new claims, 
and those so well classified in the army as “gold-bricks,” who will never 
adequately carry their load in life. On the credit side is the fact that mo-st 
employees who have backaches as a result of an industrial injurj* are co- 
operative, intelligent, and anxious to get back to work. Let us see that 
tliey get competent medical care and give them the best possible result 
in the .shortest period of time. 
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The objective of successful amputation surgery is rehabilitation of 
the patient to as complete a degree as possible. To this end a definite 
program must be foIlon*ed, including selection of a proper site for ampu- 
tation, a practical surgical procedure, selection and fitting of a suitable 
prosthesis, and the physiologic and ps5'chologic recoverj' of the patient. 
The responsibility of the surgeon does not end ^nth the postoperative 
period, but must continue until rehabilitation is complete. 

It is the purpose of this paper to emphasize the accepted principles of 
amputation surgery and prosthetic devices as a stop toward rehabili- 
tation. 

GENERAL PRINCIPLES 

The upper and lower extremit5' present entirelj’ different amputation 
problems. The functions of the lower extremity are propulsion and weight 
bearing. The functions of the upper extremity are sensorj* perception 
and dexterity. Re-establishment of these functions is the guide to the 
surgery which is undertaken. 

Since an amputation stump is a lever activated by muscles attaching 
at its proximal portion, the longer the lever, the greater the cdntrol and 
excursion of the prosthesis. Tlius, conserv'ation of length is important. 
Definite sites of election for amputation are preferred in the lower ex- 
tremity (Fig. 100). Tliesc sites are dictated by the requirements for 
weight bearing and propulsion. Certain areas are dcfinitclj’ contraindi- 
cated, as amputation here results in deformity and the limb will not 
tolerate weight bearing or a prosthesis. 

Lower extremity stumps arc primarily end-bearing, side-bearing, or 
ischial-bearing, or a combination of the three. Selection of the tj-pe of 
stump will depend upon the conditions requiring amputation and the 
occupation of the patient. End-bearing stumps are preferred when con- 
siderable walking and standing is required. This tj^pe of stump differs 
from the side-bearing stump, in that the operation must be performed 
through a flaring cancellous portion of the bone and the stump must be 
covered by skin adaptable for weight bearing. The wide area of bone is 
necessarj’ to distribute the weight to be borne over the maximum area 
of the stump. 

Amputations in tlie upper extremity demand extreme conscr\’atism. 
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taneous tissues should be freely movable and must be under normal ten- 
sion over the bone. Circulation must be adequate. The stump itself 
should be freely mo\’able and well controlled by adequate musculature. 
Ail these conditions must be met to ensure a completely satisfactory 
stump. 


PRINCIPLES OF SURGICAL TECHNIC 

The surgical principles in amputations of either the upper or lower 
extremity are the same. A tourniquet is used whenever possible to con- 
trol blood loss and to facilitate the sui^ical procedure. It is not used in 
peripheral vascular disease, as the trauma to already damaged vessels 
may precipitate circulatory failure in the stump. 

When amputation is necessary because of trauma or .infection, the 
problem of prhnarj' closure versus open treatment arises. In the presence 
of spreading infection the open method is always indicated, as the guillo- 
tine amputation. WTien trauma results in amputation, we are often 
forced to accept an arbitrary level and make use of the remaining viable 
tissue. If the inter\’al between injury and surgerj' has been prolonged, 
the safest method is the guillotine amputation ; the decision will be guided 
by the time intei^'al (usually six to ten hours) and the degree of damage 
to surviving tissues. The guillotine amputation is only a temporarj' 
measure, as a rule, performed to avoid or control infection. Usually re- 
vision is required at a later time at the site of election. This amputation, 
therefore, should be done at the most distal level of viable tissue. Skin 
traction should be applied immediately. 

When amputation is performed at the site of election, the skin flaps 
are cut so that combined they arc slightly less than, or just equal to, the 
diameter of the extremity at the site. Skin and subcutaneous tissues are 
sutured under normal skin tension; redundency and excessive tension 
are avoided. The flaps are outlined so that the suture line u*ill be terminal 
in the upper extremity, and terminal or slightly posterior in the lower 
extremity. The fascia is divided at the skin level and, whenever possible, 
is reflected uith the skin and subcutaneous tissue, this being the major 
bone covering. Muscle is severed distal to the bone, so that retraction 
will draw the remaining muscle to the bone level. Muscle should not 
cover the bone end, as a rule, as it adds to scarring, tends to make the 
stump redundant and bulbous, and may interfere uith the circulation 
m the flaps. In most cases it does not provide padding for the bone. 

The bone is sawed through cleanly to avoid splintering, and care is 
exercised to avoid periosteal stripping by retraction. Some authorities 
advocate removal of one-fourth inch of periosteum to avoid spur forma- 
tion. This procedure, however, may result in necrosis of the bone end 
through interference with the blood supply. The marrow cavity is not 
disturbed. Sharp comers of bone may be removed uith a rasp or sharp 
osteotome, and bone dust is removed by saline irrigation. 

Many authorities favor ligation and injection of absolute alcohol into 
the nerve end to avoid the formation of neuroma. All nen'e stumps heal 
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normally by formation of nenromas, and pam is not produced by the 
neuroma per se. A painful neuroma is caused by excessive scarring of the 
tissue about the neuroma, which subjects it to stretching, tension or 
compression, thus producing the painful stimuli. If the neuroma is pro- 
tected by normal tissues and has not been unduly trauraatued, it should 
not be painful. We prefer to pull the nerve gently down below the muscle 
and sever it with a sharp knife. The normal tension will then retract the 
ner\’e above the terminal end of the stump into nonnal muscle planes, 
where minimal scarrmg occurs 

Major blood vessels are doubly ligated, one ligature being anchored 
to the vessel wall to prevent slipping Vessels are cut at the muscle level. 
The bone is covered by skm, fascia and, m some cases, tendon, irhen 
the wound is closed. Closmg heavy muscle nmsses over bone only adds 
bulk and scarhng to the slump and should be avoided. The muscle 
atrophies and adds still further to scarring, often producing a redundant, 
thickened, painful stump, by interference ivith circulation and nen'e 
supply. Scars situated between bones of either the upper or lower ex- 
tremity are to be avoided whenever possible, as retraction between the 
bone ends occurs. Extensive lateral scars in tho thigh, over the anterior 
tibial condyles, or on the plantar aspect of the foot or palmar surface of 
hand are particularly undesirable, bccau-«e of the pressure to which 
»v are subjected. 

minimal amount of suture material is buned, excessive suturing of 
Tascia and subcutaneous tissue may cause circulatory failure in the flaps. 

Soft rubber drams are used when large muscles are severed, as a cer- 
tain amount of scrum mil collect under the flaps, even though an ade- 
quate pressure dressing is applied. Drains should ^ removed in twenty- 
four to forty-eight hours, as they arc a potential source of infection 
Dressings are done infrequently thereafter. A snug pressure dres.«ing is 
applied with an elastic bandage m all cases 
Splints are used to prevent deformity and aid in wound healing, in all 
cases in uhich deformity is likely to occur. 

AMPUTATIONS OF THE LOWER EXTREMITY 
The Toes and Foot.— Except in the case of the great toe, the entire 


closed. In the case of the little or great toe, disarticulation is the same; 
however, the lateral prominence of the hfth, or the medial prominence 
of the first metatarsal head is shaved flat to the shaft, to avoid bunion 
formation. 

When the second toe is removed, hallus valgus of the great toe may 


All the toes may be removed without ^atly interfering with weight 
bearing. The scar should avoid the plmitar aspect and is preferable on 
the dorsum, but may be terminal. A satisfactory weight-bearing foot is 
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possible if amputation preserves the metatarsal bases. Amputation proxi- 
mal to the tarsal metatarsal joints invariably results in deformity of the 
heel due to muscle imbalance. For this reason the Chopart and Lisfranc 
amputations are condemned. The deformity is usually plantar flexion 
and inversion of the stump. Adaptation to a prosthesis is difficult and 
breakdown of the skin is common. 


Fig. 101. — A, Syme stump. The location of the scar is anterior in the region of 


molded leather lacer connecting to the ankle by metal bars. 

Sy^ie Amputation. — ^Amputation of the foot proximal to the meta- 
tarsal bases demands the Syme level as the most distal practical area. 
The amputation is through the cancellous tibia and fibula at the joint 
level. The weight-bearing skin of the heel forms the flap. The stump is 
end-bearing. Unfortunately, this procedure is possible only when there 
13 absence of infection, normal heel skin is present, and circulation is 
adequate. The advantages of a completely end-bearing stump are many 
and, in addition, the stump is long enough to permit barefoot walking. 
However, the prosthesis produces a bulky ankle, so that, for cosmetic 
reasons, women usually prefer amputation through the midcalf (Fig. 
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Technic of Syme Ampulalion — Tlie incision is transverse at the joint 
line to the anterior borders of the mallcolt, thence around the bottom of 
tlie foot horizontal to the long axis The astragulus is disarticulated and 
removed with the os caicis by careful dissection close to tire bone. A cup- 
shaped heel flap results The tibia and fibula are sectioned one-eighth 
inch proximal to the joint surface. The flap is sutured anteriorly over 
the tibia. The flap is slightly redundant and “dog ears” are present, how- 
ever, shrinkage occurs rapidly. Because of its tendency to displace, the 



Fig 10- — Below-knee etump and prosriiesia The stump is niaxiinuni length 
and Will require more shrinking before fitting (Medical Illustrations Laboratory, 
Hines Veterans Administration Hospital, Hines, Illinois ) 

flap must be carefully centered over the bone vhon dressings are applied. 
Drains are used in tiie comers of the wound. 

A plaster pylon is applied after four weeks, and v eight bearing is al- 
lowed for four more weeks before the permanent prosthesis is fitted 
(Fig. 101, B, C). 

Midleg Amputations.— ^Vhen a higher amputation is necessary, the 
site of election is 5 to 7 inches belcm' the knee joint (Fig. 102). A stump 
longer lhan 7 inches is undesirable because of vascular inadequacy, and 
because of the difiiculties encoimtered with the prosthesis A stump as 
short as 2 inches is useful, and by careful fitting of the prosthesis, knee 
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joint lection can bo prv'j<'r\'iHl. Ooiwu'tia!l>\ a slump ovou sl\ovlm' tluvu 
2 incbes may be fitlcil with a In'nt kiuv pTWlliosis, Iho patiout boaviuji, 
weight on the patclhv 

The mid-calf stump is a side-bearing stump, amt t\u pivssmv is tulec' 
ated on the end. An cxtivmely short stump may ivipiiiv ,a partial isi')\lal 
weight-bearing pn^sthesis. 

Tcchuic. — ^'riie anterior llap is matle slightly* longer thatt the po«leri(‘r 
one, so that tlio scar unll fall slightly p<>.s(eriur. The diH'p I'asela U nut 
disturbed anteriorly, as it i.s in intimate emdaet with tiie Khlat perb 
osteum. Posteriorly it is I'cllec.teil with the skin and sulieulaneotis ti'iaue, 
Muscles are sectioned to allow for rt'lraetioti to the end tif tin* hone. Thi* 
anterior tibia is boveled and the libula is mdiotu'd 1^ inehes aliovi' lie* 
tibia. The fascia and skin only art' ehised over the hone. 

^Vhen amputation is performed nt n level slightly lilgher, It may h(' 
necessary to bevel the gastrocnomitis imi.sele to si’eure a eonleid sUitnp, 
Should the stump be sliorler than ,*l lnehe.H, th<* llhlllii Is lemot'ed in lln 
entirety. 

A posterior splint and pi'<'.'<siiro dnwlng is applied uilli llii* liiiee In 
extension to prevent floxion eontraelun* until the wound is lieided. 

Amputation Above the Knee.— IC ihh) j(mil diHiirtieiddllon uliiiiitd he 
avoided. 

Amputations above llio knee joint luo of two lypea, enddteiii'iiig (ind 
ischial weight-bearing. The OriltbStokeM anipninlioii Im (1i»» eliiMaIcnl 
end-bearing stump. Several modificidioiiH liuvo been tiiiide in leelnde, 
but the principle is the same. Amputation is Llirongli Ibn eaiieellntii bone 
of the condyles. An amputation through eorliefd bone e/irinot be wed 
adapted for full end-bearing, us the wnal! Hbarp area jif bone will nef 
like a punch again.st the skin and prosIlieHlH. Tlio (Iritlb.Slokes einpula- 
tion nvaJccansc of the patella, patellar tendon and prepaledfir skin, wideli 
is well adapted to wciglit bearing an the covering for (lie bone. 

Technic . — ^Thc inci'iion in msulo over the renler of llie inedlfd /i(id 
lateral condyles, curving downward and afderior U> I Irieli lielow (he 
patella. The incision is carried through all Ktruelurivt flow/i (o |pf»/ie /i(, 
the same level. The posterior flap iHoufHrK'<I justal)Ove (lie flexion e/e/iw<, 
The cartilage and subchondral bone in removed frfiin (he pa(ell/t, 'I'h/' 
condyles are sectioned at the adductor lilberele. 'I'he pa(el)a jipprrxi* 
mated to the femur with sutures, 'Hie patellar tenrlfin »=? (hen sifd/red (o 
the fascia of the hamstring muscles and the wound i-i elfp^ed. 

An ela.stic spica pressure dressing is applied, '/lie turn? of (he spiea 
bandage are carried around the jk-Ivis, in such a manner f*!; lo h<»ld (lie 
thigli in adduction and fnrtension. 

Tenoplastic Amputation, — ^Tlie tenoplastle arnpufaiion differ.^ ItfiUi 
the Gritti-Stokfs in that the patella js rernwed and (he fendon /d/»rte 
is used to cover the bone, Tliis pfinnifs end U-nring, and ffie afeen^e of 
the patella prevent.s diapI.icoTnent — a common eornpl/Vadon in (fi^' 
Gritti-Stokes amputation (Hg, JfW). 
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Amputation Proximal to the Femoral Condyles.— Amputation above 
the condylw is done through cortical bone approidmately 4 mehea above 
the joint line (Fig. lOi). Tins alloivs for normal location of the knee 
control mechanism in the prosthesis. The technic is similar to other thigh 
amputations; however, a thin layer of muscle is often draum over the 
bone when the anterior and posterior fascia is sutured, as this prevents 
undue muscle retraction 



Fig. 103 — Left, Tenoplastlc amputation with full end-bearing stump Right, 
End bearing above knee prosthesis. Molded leather socket equipped with side Imee 
joint. This prosthesis is suspended by shoulder straps, but a pelvic band may be 
used (Medical Illustrations Laboratory, Hines Veterans Administration Hos- 
pital, Hinca, Illinois ) 

Above this level all length possible must be conserved. Muscle im- 
balance resulting in flexion abduction deformity is prone to occur with a 
short stump. Power and control of the prosthesis is lost as the lever is 
shortened. A stump as short as 5 inches below the trochanter can be 
made and fitted in the usual manner. 

Amputation Near the Hip. — A stump shorter than 4 or 5 inches below 
the trochanter may become flexed and abducted to a degree that makes 
fitting a difficult problem. Above this level the incision is the racquet 
type, with the handle of the racquet anterior and encircling the leg 
2 inches distal to the perioneiim. The shaft of the femur is removed at 
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the base of the trochanter. Disarticulation should be avoided and preser- 
vation of the head, neck and trochanter is necessary to form a well- 
rounded buttock. These structures add stability and control to the 
stump. Following disarticulation or section at the trochanter, the muscles 
must be drami together to eliminate dead space and aid in molding the 
stump. 



Fig. lot — Left, Thigh smputstioa above the femoral condyles. Right, Conven- 
tional above-knee prosthesis with pelvic band. Suspension is through the hinge 
joint anterior to the trochanter. The anterior strap is connected to the knee 
mechanism and aids in extension. (Medical Illustrations Laboratory, Hines 
Veterans Administration Hospital, Hines, Illinois ) 

A saucer-shaped socket or tilting table prosthesis must be used uith 
its many disadvantages and resultant difficulty in walking. 

AMPUTATIONS OF THE UPPER EXTREMITY 

As stated previously, every bit of tissue that will survdve should be 
preserved in the hand. There is no substitute for the ordinaiy functions 
of the hand. However, when parts of the hand arc lost many reconstruc- 
tion procedures have been devised to make use of remaining structures. 
Thus there are fcNv sites of election for amputation in the hand, and the 
problem in each case will vary. 

Finger Amputation. — Finger tip amputations following trauma are 
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best covered by split-thicknoss or pedicle skin grafts immediately. No 
attempt is made to secure flaps for closure, as unnecessary shortening 
results. If amputation occurs throu^ the nail bed it should be removed, 
as a deformed nail may cause trouble by growing into the soft tissues 
An ideal skin flap with the scar on the extensor surface is frequently im- 
possible to obtain, and length must not be sacrificed to secure the ideal 
If bone and tendons are exposed, a pedicle graft offers a solution without 
resorting to radical amputation. 

Amputation Proidmal to the First Phalanx. — The tendons should be 
allowed to retract and reattach in llie sheath. Drawing the tendons to- 
gether over the end of the bone produces a painful stump and Hmilh 
flexion and extension m the remaining fingers. If done through the joint, 
the condyles are narroived to tlie width of the shaft to prevent a bulbous 
stump 

At the Metacarpophalangeal Joint- — ^The incision is racquet-shaped, 
similar to that for the toe WTien the fifth and index fingers arc removed 
at this level a better cosmetic and functional result may be obtained by 
obtained by oblique section of the metacarpals through the midshaft, 
'thus taperiaff^the palm into the ba.^ of the remaining fingers. 

lATien the middle two fingers are amputated at the metacarpophalan- 
^ul joint, the metacarpal head must be preserved. Removal of the head 
^results m rotation of tlie remaining fingers toward each other, so that 
overlapping occurs in flexion. If tliis occurs it may be necessary to re- 
move the entire metacarpal and narrow the hand. This procedure should 
bo avoided, particularly m the middle metacarpal, which senses as the 
attachment for the adductor of the thumb .ind its remov’a! causes 
weakening of grasp 

The Thumb. — Lo‘«s of the tluimb produces a serious handicap. Tiic 
function of apposition is lost and the hand becomes a hook. Ever^* effort 
toward reeonstruction should be made before resorting to amputation 
Even a .'small nubbin of thenar eminence is of value as a prominence 
against which the fingers can be apposed The same principles apply to 
the thumb as to the fingeis If disarticulation at the metacarpophalan- 
geal joint is necessary, the first metacarpal may be phalangized by 
freeing the attaciiment of muscles distally and creating a cleft between 
the palm and metacarpal Usually skin grafting is necessary to clo‘«e tlie 
defect that is created 

If all the fingers are lost, similar pbalangization may be done with the 
remaining metacarpals, and a lobster claw hand made The function is 
far superior to that of a prosthetic haiwl 

Amputation Through the Carpal Bones. — Wiien amputation of tlie 
metacarpals is necessary the carpus may be preserved and furnish limited 
function. The tendons of flexion and extension of the wrist, which insert 
into the mDt.acarpnl bones, must be sutured to the joint capsule to pre- 
serve active motion. Pronation and supination are also preserved by tins 
procedure. Contrary to popular belief, this is a very useful stump Sensa- 
tion and fairly complete motion are retained, and limited grasp can be 
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accomplished by a prosthesis which furnishes a fixed point of apposition 
for the carpal bones. Fitting such a prosthesis is an indnidual and 
difficult problem. 

Disarticulation of the Wrist. — Disarticulation at the wrist preserves 
almost complete pronation and supination. However, the. stump is ir- 
regular in shape, the bony structure is prominent and circulation is haz- 
ardous. The stump has the advantage of adaptability to a prosthesis 
requiring a minimum amount of suspension above the elbow. However, 
it is difficult to fit and generally amputations at a higher level are 
preferred. 

Site of Election in the Forearm. — ^Above the wrist joint, the site of 
election is 2 to 3 inches above the radial styloid process. All length above 
this area should be conserv'ed. Stumps as short as inches are useful 
and can be fitted with a prosthesis. Loss of flexion and extension of the 
elbow is a serious handicap, and limits the use of a prosthesis tremen- 
dously. 

Technic . — The flaps are made equal in length. The scar is terminal, 
but should not be situated between the bone ends as retraction will 
occur. The length of the flaps should equal slightly less than the diam- 
eter of the forearm. The deep fascia is reflected mth the skin. The mus- 
cles are sectioned just distal to the bone to allow for retraction. The 
bones arc equal in length. Skin and fascia only are sutured. "When the 
forearm stump is excessively short a slight increase in length may be 
obtained by section of the biceps tendon at the elbow; a slight loss of 
power will result. 

Short stumps particularly should possess a minimum of soft tissue, 
as excessive tissue blocks flexion when a prosthesis is applied and pro- 
duces an unstable stump. Flexion contractures are prone to occur and 
should be prevented early. 

Disarticulation at the Elbow. — This procedure produces a powerful 
lever and because of the contour minimal shoulder suspension of the 
prosthesis is necessar}' and its rotation is better controlled. The dis- 
advantages are prominence of the condyles which causes fitting prob- 
lems, and possible soft tissue failure through hard usage. The flaps may 
be fashioned in any convenient manner, preferably anterior and poste- 
rior. The biceps and triceps tendons are sutured over the end of the bone. 

Supracondylar Arm Amputation. — The problems here are similar to 
those encountered in the above knee amputation. The site of election is 
just above the condyles, about 1 inch proximal to the joint line. Above 
this area all length possible must be retained, as decrease in length leads 
to loss of power and control. The skin flaps arc anterior and posterior, 
and of equal length. The triceps and biceps tendons may be utilized for 
bone covering together with the deep fascia. A stump as short as 2 inches 
Iwlow the anterior axillary fold may be fitted with the conventional 
above-elbow prosthesis. Any prosthesis requires suspension from the 
slioulder. 

Amputation in the Shoulder Region . — A stump shorter than 2 inches 
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below the axillary line requires a racquet incision, mth the racquet 
handle centering over the acromion process. The head and neck of the 
humerus should be presen-ed and disarticulation should be avoided 
PreseR’ation of these structures retains a rounded shoulder which pro- 
vides a prominence for more comfortable fitting and better function. 

Following removal of the bone, the muscles arc draivn together as in 
the region of the hip, to mold the shoulder and eliminate dead space. 

This amputation requires shoulder cap suspension and the prosthesis 
is of very’ limited use. 

Cineplastic Amputation, — Cmeplastic procedures have proved of 
definite value in the hands of Kessler and Kissen and Bergmann in this 
country’. The cmeplastic operations were devised to permit activation 
of a prosthesis by the muscles in the stump itself. The procedure consists 
of constructing tunnels in the stump, incorporating a portion of the 
muscles, usually of flexion and extension. By appropriate transmission 
of muscle power from these tunnels the prosthesis is activated. There are 
the definite advantages of positive control of the prosthesis by muscles 
accustomed to performing these functions. In addition, the patient de- 
velops a definite proprioceptive sense through the muscle tuimels and 
.thus more nearly approaches the normal. 

Tlie stumbling block to inder use of the procedure has been the difii- 
m developing an adequate prosthesis. 

POSTOPERATIVE MANAGEMENT 

The general principles of postoperative care arc followed in amputa- 
tion surgery 

Dressings are done Infrequently following the removal of drains in 
twenty-four to forty-eight hours. Sutures are removed in ten days to 
two weeks. 

Molding of the stump to a conical shape begins immediately by 
bandaging iiith clastic bandages. The muscles and soft tissues must be 
shrunk before fitting the prosthesis. Several turns are taken over the 
end of the stump and the remainder of the limb is bandaged to above 
the proximal joint. Deformities are prone to de\'e!op dunng this period. 
The common deformities are flexion of the knee, flexion abduction of 
the b}p, Berjon cS the elbow and adduction cd the shoulder. These may 
be prevented by early muscle exercises and proper bed posture to coun- 
tmet the tendency to deformity. Massage and pounding of the stump 
are contraindicated, as they add trauma to healing tissues and do not 
toughen the stump. Weight bearing and use are the best forms of physical 
therapy. 


PROSTHETIC DEVICES 

Prostheses are mechanical de\iccs deagned to substitute lo&t function 
or to minimize cosmetic disability. During World War 11 a research 
program in the field of prosthetic devices was carried on by the National 
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Research Council, in co-operation with others. Since tliat time the pro- 
gram has been continued by the Veterans Administration. From this 
research work bos come many improvements in design and materials 
used in prosthescs. 

Lower Extremity Prostheses. — prosthesis for tlie lower extremity 
must be strong to permit weight bearing, but liglit enough to permit 
function without undue effort. It must fit the stump comfortably and 
be free from pressure and friction areas. The weight must be distributed 
through areas which will endure prolonged walking and weight bearing 
(Fig. 103,5 and 104,5). 

Alignment and Fitting . — ^The alignment of the artificial leg and the 
fitting of the socket to the stump are the factors which determine comfort 
and ability of the amputee to use the prosthesis. The materials and de- 
sign of the mechanical parts determine the durability, case of walking 
and ease of manufacture. 

Alignment of tlie leg is the relationship of the levers of the prosthesis 
to the joints and to the stump. Generally, the alignment of the prostlicsis 
should approach that of tlie remaining lower extremit}’. 

The Foot and Ankle. — ^The normal axis of joint motion must bo fol- 
lowed closely in the prosthesis. Tlie metatarsal phalangeal joint axis is 
diagonal across the foot outward and toward the heel, about 8 degrees 
from the horizontal. The joint in the foot piece should correspond with 
this axis. 

The normal axis of the foot on the ankle joint is 15 degrees of external 
rotation. This outward rotation is duplicated between the foot and ankle 
hinge of the prosthesis. Attempts have been made to reproduce inversion 
and eversion of the foot; however, these motions liavo usually caused 
instability. Improper alignment of the joint in the forefoot and at the 
ankle will produce rotatory movement of the prosthesis on the stumf), 
with resulting friction and irritation. 

Dorsi- and plantar flexion of the foot piece at the ankle arc controlled 
by nibber bumpers inserted in front and back of the ankle joint. These 
bumpers prevent overe.xtension or flc.xion of the foot and maintain the 
proper degree of slight plantar flexion. The back one prevents the foot 
from sudden plantar flexion when weight is placed on the heel in walking. 
The forward bumper maintains plantar flc,xion which aids in extension 
of the knee and prevents sudden dorsiflexion which would allow the knee 
to buckle. Improper adjustment may cause tlic knee to buckle, the solo 
of the foot to slap against the floor as in drop foot gait, or undue effort 
is required to rise over the ball of the foot. 

The Knee Joint. — ^The knee joint axis is located slightly posterior to 
the axis of the leg. This allows the knee to lock in extension and permitH 
the tibia to glide posterior on the femur in flexion. If the side hinges in 
below-knee prosthescs arc located improperly, the stump will riclc up 
out of the socket in flexion and produce pressure on the stump end. A 
effort is required to maintain extension in walking. 

There is normally about 10 degrees of knock-knee in the leg. • 
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gree of knock-knee moves the center of gravity more nearly t)ver tlie 
foot Tiie degree of knock-knee is determined from the opposite leg. 
Failure to incorporate this angulation in the prosthesis will produce 
lateral swaying when walking, as an attempt is made to throw the center 
of gravity of the body over the axis of the leg. 

Above-knee amputations require an artificial knee joint Much expen- 
mentation has been done to reduplicate the normal knee action and 
control of flexion and extension. Attempts are being made to produce 
positive locking of the knee in extension when weight is borne with, 
however, but limited success. H3'draulic mechanisms to control flexion 
and extension are also m the process of development and hold much 
promise for more positive control These devices will enable the amputee 
to walk inclines and stairs with greater case and confidence. 

At present, however, the usual method of controlling knee joint action 
IS the placement of the joints posteriorly and the use of a braking mech- 
anism The adjustment of tlie brake, extension straps and check straps 
when they are used is important. The proper adjustment is necessarj’ 
to prevent unexpected buckling and to permit smooth flexion and exten- 
sion. Too loose brakes or cheek straps will allow sudden extension of the 
knee with a sharp snap, which produces shuddering and whipping of 
the leg on walking When too light, complete extension may be slow 
.id buckling may result 

The Hip Joint. — Hip joint control and suspension of the leg is provided 
" , a pelvic band and joint, or by shoulder strap suspension. The more 
common at present is the pelvic band and hinge. Again alignment must 
correspond to the axis of the hip joint, which is perpendicular to the 
center of the acetabulum. Thus the joint for pelvic control must ho 
considerably anterior to the trochanter, not over it. Failure to align the 
joint properly again produces rotatory motion in the prosthesis. 

The length of the prosthesis should be equal to the normal leg so that 
the pelvis is level when standing. It is permissible to make the leg slightly 
shorter to allow extension without the foot scraping the ground. 

The stump must be fitted in a relaxed position and the socket then 
aligned w'lth the prosthesis, to prevent unwanted pressure being e.xerted 
on the stump. 

Normally the mid-calf stump is fitted in slight flexion to throw tlie 
w eiglit on the anterior upper flare of the tibia. 

The above-knee socket may require fitting in slight flexion and abduc- 
tion, as this is the normal relaxed position. 

Wicn faulty fitting and alignment is done, fatigue and pressure or 
friction areas develop. The common areas in below-knee stumps arc 
over the tibial condyles, where the weight is borne. Occasionally pressure 
is exerted over the anterior lower portion of the tibia. Bulging of the 
popliteal structures over the posterior rim of the socket may also cause 
pressure and edema. 

Above the knee, difficulty may be encountered at the ischium and 
attachment of the adductor muscles, usually due to pressure or friction. 
Relieving of the socket in these areas may help overcome this. Occ.i- 
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sionally the lateral thrust of the stump in walking will produce pressure 
and friction on the anterolateral distal area of the stump. 

On the medial upper aspect of the thigh, the tissue may bulge over 
the top of the socket to produce a roll of tissue. Undue pinching of the 
adductor roll may cause breakdown. 

The Suction Socket. — ^Thc suction socket has been used in this countr}’ 
since the last war, and is still undergoing experimentation by the Vet- 
erans Administration. The limb is av’ailable commercially for civilian 



Fig. 105 — Left, A supracondylar amputation and the suction socket prosthesiK 
The socket is airtight and the negative pressure is controlled by the valve located 
anterior and medial. Right, Patient using suction socket. The strap anterior is 
part of the knee joint control and is a conventional type. The prosthesis differs 
from the conventional type only in the socket which is airtight. Suspension from 
the stump is affected by negative pressure in the socket. Notice the absence of 
shoulder straps and pelvic band. No stump sock is worn. (Afedical Illustrations 
Laboratorj’-, Hines Veterans Administration Hospital, Hines, Illinois ) 


patients. It is used in above-knee amputations for stumps not less than 
4 or 5 inches in length measured from the perineum. It holds the prc»- 
thesis to the stump through negative pressure created in a closed socket. 
^ stump sock is worn and the socket is in direct contact with the skin. 
The negative pressure or suction is controlled by a valve in the distal 
end of the air-tight socket. This means of suspension eliminates pelvic 
bands and shoulder straps, and permits greater freedom of action and 
more natural control of the leg. There is practically no pumping action 
of the stump in the prosthesis (Fig. 105). 
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1Mien properly fitted the pressure in the socket alternates from nega- 
tive to positive as the leg is swung, and weight is borne The prosthesis 
IS controlled entirely by the muscles of the stump and thus permits a 
more natural gait. 

The device is not without potential dai^er, however. Excessive nega- 
tive pressures may be created in the socket when improperly controlled 
This negative pressure, which should not exceed 1.5 pounds per square 
inch, may produce troublesome edema and, when excessive, capillary 
rupture These two complications may lead to serious trouble if not 
corrected early 

Contraindications to the use of the suction socket have not been ade- 
quately determined However, it appears that osteomyelitis, severe 
scarring, and peripheral vascular disease may be contraindications. 
Perspiration may cause hygenic difficulties. However, this has been 
controlled to some extent by inf?erting a cloth bag of silica gel in the 
bottom of the socket, U’hich is changed daily. The suction socket should 
be used with caution m the average case until further study has been 
made 

Tilting Table Prosthesis, — Extremely short thigh stumps are fitted 
with a saucer-shaped socket or with the tilting table prosthesis. This is 
)dentially a socket which fits around the buttock and pelvis, the leg 
-ing suspended from the socket by a hinge. The general principles of 
I t are again followed. The prosthesis is held m position by 
pnoulder straps and is activated as a pendulum by swinging the pelvis. 
This action produces an unnatural gait as jt is necessary to hunch the 
shoulder and swing the pelvis to walk. 

Upper Extremity Prostheses. — Prosthetic devices for the upper ex- 
tremity are many and vaned, however, none substitute adequately for 
the lost extremity. Selection of a prosthesis will depend upon many 
variable factors. The patient’s means of livelihood and psychologic, eco- 
nomic and physiologic reactions have a bearing on the problem The 
prosthesis must be suited to the needs of the patient and the type vnll 
require careful consideration on the part of the surgeon It is much more 
difficult to leam to use this adequately than is the case with the rela- 
tively simple leg prosthesis, and it is the responsibility ot the surgeon 
to supervise the training phaW Matty arm amputees become discouraged 
and soon refuse to wear the artificial arm if such supervision is not forth- 
coming. 

The primary function of the arm prosthesis is grasping and carrying. 
This may be accomplished by means of a simple rigid hook, the split 
hook, or the mechanical hand- Purely cosmetic hands may be substituted 
in many prostheses when desirable 

The material should be light but strong, and action should be as free 
as possible. A combination of these characteristics is found in the newer 
plastic materials which are coming mto prominence. 

Hooks and Hands.— The split hook (Fig, 106) is probably the most 
useful device and permits a variety of functions. The hook is opened 
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by tension on a control cord connected to the opposite shoulder by a 
harness. Fon\'ard shrugging of the shoulder opens the hook. A spring 
or rubber band closes the hook when tension is released. The mechanical 
hand works on a similar principle, with the fingers or thumb moving; 
one is fixed, the other working against it. One hand operates in the re- 
verse; tension closing and a spring opening the hand. It requires con- 
siderable training to control the prosthesis when muscles not accustomed 
to performing these functions are required to activate the prosthesis. 



Fig. 106 — Improved split book. The control cable attaches to the lever and 
tension opens the hook. The rubber baud about the base of the hook closes it. 
(Minneapolis Artificial Limb Co.) 

Many mechanical hands and hooks have locking devices incorporated 
to ensure a firm grasp, particularly in handling tools. Adapters are also 
available, to substitute tools and assorted implements for the hook, and 
insert directly into the prosthesis. These devices are invaluable for those 
amputees who do mechanical work. Wrist fle.xion and e.xtension is not 
practical in the average case, and usually are not incorporated in the 
prosthesis. However, chucks for holding tools, which allow for variations 
o! angle at the WTist level, have been devised. 

Pronation and Supination. — ^Pronation and supination are desirable 
^tures Nvhen they can be employed in below-elbow prostheses. The 
^«orthrop Aircraft Corporation developed during the war such a pros- 
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■WTien properly fitted the pressure in the socket alternates from nega- 
tive to positive as the leg is swui^, smd weight is borne The prosthesis 
IS controlled entirely by the muscles of the stump and thus permits a 
more natural gait. 

The device is not without potential danger, however Excessive nega- 
tive pressures may be created in the socket when improperly controlled 
This negative pressure, which should not exceed 1 5 pounds per square 
inch, may produce troublesome edema and, when excessive, capillary 
rupture. These two complications may lead to serious trouble if not 
corrected early 

Contraindications to the use of the suction socket have not been ade- 
quately determined. However, it appears that osteomyelitis, severe 
scarring, and peripheral vascular disease may be contraindications 
Perspiration may cause hj'genic difficulties. Howev’er, this has been 
controlled to some extent by inserting a cloth bag of silica gel in the 
bottom of the socket, which is changed daily. The suction socket should 
be used with caution in the average case until further study has been 
made. 

Tilting Table Prosthesis. — ^Extremely short thigh stumps ore fitted 
with a saucer-shaped socket or with the tilting table prosthesis This is 
■^essentjally a socket which fits around the buttock and pelvis, the leg 

i ^ suspended from the socket by a hinge The general principles of 
’^gnment are again followed. The prosthesis is held in position by 
Shoulder straps and is activated as a pendulum by swinging the pelvis 
This action produces an unnatural gait as it is necessary to hunch the 
shoulder and swing the pelvis to walk. 

Upper Extremity Prostheses. — Prosthetic devices for the upper ex- 
tremity are many and varied, however, none substitute adequately for 
the lost extremity. Selection of a prosthesis will depend upon many 
variable factors. The patient’s means of livelihood and psychologic, eco- 
nomic and physiologic reactions have a bearmg on the problem The 
prosthesis must be suited to the needs of the patient and the type will 
require careful consideration on the part of the surgeon. It is much more 
difficult to learn to use this adequately than is the case with the rela- 
tively simple leg prosthesis, and it is the responsibility of the surgeon 
to auperviso the trauiltig phase. Many arm. amputees become discouraged 
and soon refuse to wear the artificial arm if such supervision is not forth- 
coming. 

The primary function of the arm prosthesis is grasping and carrying. 
This may be accomplished by means of a simple rigid hook, the split 
hook, or the mechanical hand. Purely cosmetic hands may be substituted 
in many prostheses when desirable. 

The material should be light but strong, and action should be as free 
as possible. A combination of these characteristics is found m the newer 
plastic materials which are comii^ mto prominence 

Hooks and Hands.— The split hook (Fig. 106) is probably the most 
useful device and permits a variety of functions. The hook is opened 
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proved hooks and hands, force multipliers to amplify power of gnisp, 
hydraulicly and electrically operated hands and arms, locking devices 
and simplified control harnesses. Many of them are still in the testing 
stage. 

For the short below-elbow stump, a polycentric elbow joint has been 
devised (Fig. lOS). This provides a cap for the stump, connected by 
levers to the arm piece which amplifies flexion and extension movements 



Fig. 109,— The Fitch dual control prosthesis The elbow flexion and extension is 
controlled bj* a c.ablc attaching to the shoulder harness and looping about the drum 
shoa n at the elbow joint. Forward movement of the stump causes tlie forearm to 
flex. (ACnncapolis Artificial Limb Co ) 

Fig 110 —Northrop above-elbow prosthesis- This prosthesis is equipped «ith 
a locking device at the elbow. Locking and unlocking is accomplished bj- a doam- 
a'ard shrug of tlic shoulder. The shoulder suspension and control harness is illus- 
trated. The prosthesis is made of plastic. (Minneapolis Artificial Limb Co.) 

Fig. Ill, — Ilosmcr above-elbow prosthesis. Elbow locking device is controlled 
by the shoulder similar to the Northrop arirt. A quick change coupling device at 
the wrist for changing hook devices. (Minneapolis Artificial Limb Co ) 

Above Elbow. — the elbow is amputated, the prosthesis must 
be proxnded with an elbow locking device to permit opening or closing 
of the hand or hook. A substitute for a locking device is coupling of tlio 
elbow joint, which produces flexion of the forearm xvhen the arm stump 
is moved forward, by means of a cable mechanism. This is a valuable 
device in some cases; howexxr, in the average case it restricts activity 
to a certain dcgice. Tlie Fitch dual control arm is available in this t3’pe 
of prosthesis (Fig. 109). 

Locking devices arc of two general tj’pes; those locking manuallj’ 
and those locking through a control cable actuated b^* the shoulder. 
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The stronger locks are manually operated and are well suited for heavier 
work. The controlled locking mechanisms have been devised by the 
Northrop Aircraft Corporaticm and by the A. J. Hosmer Corporation. 
The elbow is locked and unlocked by a domuvard shrug of the shoulder 
and provides locking m multiple positions of flexion and extension. The 
Hosmer arm is coupled as well ^igs. IIO and 111). 

All above-elbow amputations must be suspended by shoulder har- 
nesses Effective rotatory movements of the prosthesis are thus limited. 
The movements are confined to limited abduction, adduction, and fle-vion 
and extension at the shoulder. Harness mechanisms can be varied con- 
siderably and suited to the individual needs. 

Stumps shorter than 2 inches below the axillary fold must vear a 
shoulder cap for suspension of the arm. The control of the movement of 
this prosthesis is thus greatly limited. However, through use of manually 
operated elbow locks some function of a book can be obtained. 

Cineplastic Prostheses. — A great deal of research has been done on 
cineplastic prosthetic devices. Tlie problem has been mecbanieal failure 
of a necessanly complicated mechanism, and the economic transmission 
of force. Certamlj', nith more development, this prosthesis should prove 
to be a great aid to an amputee. 



MANIPULATIVE SURGERY IN ORTHOPEDICS 


Jerome G. Finder, ^I.D.* 


INTRODUCTION 


Manipulation, by definition, is the act of treating, working or operat- 
ing with tlie hands, especially Avhen knowledge and dexteritj' are re- 
quired. In a medical sense its meaning is more limited, connotating the 
moving, loosening or twisting of a joint to improve its range of motion. 
The term “bloodless surgery” has been applied also to designate manipu- 
lations which restore normal relationships, as in congenital dislocaton 
of the hip, or restore function to an ankylosed joint, as in clironic ad- 
hesive bursitis (fibrositis) of the shoulder. 

The modern medical concept of manipulation encompasses a larger 
meaning and includes many modalities which may be considered an 
extension of tho limited use of the hands. A hole may be dug in the 
ground by scratching with the fingers, but a spade, projecting the utility 
of the fingers, becomes a more effective and proficient instrument of 
the hands. By the same reasoning, anesthesia, mechanical traction and 
certain forms of elastic splinting become ramifications of the art of manip- 
ulation. Finally, manipulation, outgrowing its original limitation to a 
joint, is now extended to include any part of the body, spine or extremi- 
ties. The possibilities for tho expansion of the province of manipulative 
surgery are great. In a broad sense conservative treatment of certain 
congenital lesions, as club foot and dislocation of the hip, and closed 
reduction of fractures and traumatic dislocations may well fall within 
the horizons of manipulative surgery. However, e.xcept for parenthetical 
mention, these conditions will not be included in this paper. 

The acceptance of manipulative therapy by the medical profession 
as a whole has been discouragingly slow. The reasons for this inditTerence 
or reluctance to accept manipulation as a facet of medicine mav be 
traced to several sources. First, the profession is generally unaware ot 
the scope, indications and therapeutic value of manipulation Second, 
the medical school curriculum either is inadequate or is wholly lacking 
in informative instructional courses in this field. Finall}', the unfortunate 
association between manipulation and those cults whicli have exploited 
it as a complete system of therapy has prejudiced physicians against 
Its practice. 

The time has come for the medical profession to recognize the thera- 
peutic value of manipulation and to adopt it as an integral part of the 
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armamentarium of the practicing physician. As with any other thera- 
peutic agent, the diagnosis must be correct and the indication for its 
use be confirmed before it is presenbed. Manipulation finds its greatest 
usefulness m treatment of certain fonns of arthritis (hypertrophic, 
rheumatoid and traumatic arthritis) as they affect specific parts of the 
body , m some types of subiuxation , and in low back disorders Included 
are such conditions as fibrous ankylosis of various joints, the cer\’ical 
disk syndrome , the slipped disk of the lumbar spme ; sublu\:ation of the 
coccyx; and fibrositis of the shoulder (frozen shoulder) The specific 
indications for treatment and the technic of choice will be considered 
in detail later. 

In general, however, certain broad principles may be e.xpounded with 
respect to indications and contraindications Basically, the disease 
process must be in a chronic or quiescent phase of activity, the joint 
must be “cold ” This is especially true in limitation due to rheumatoid 
arthritis. , the disease produces progressive deformity by its continuing 
activity, yet manipulation is safe during a stage of remission Contrari- 
wise, manipulation must not be performed m the presence of acute 
arthritis, acute infection, sepsis, tuberculosis, osteomyelitis or neoplasm 

Recent trauma or a fracture uniting by newly formed callus also 
constitutes a contraindication to manipulation It is difficult to be specific 
sabout the optimum time for manipulation after injury, but a minimum 
bf six to eight weeks seems clinically reasonable ; of course, a fracture 
^^ust be solidly united by mature bone before forced movement of a 
/joint affected by the fracture may be considered. Wlien m doubt, it is 
wiser to err on the side of conservatism Injudicious manipulation of 
healing tissues may superimpose fresh trauma, produce more adhesions, 
and prolong or increase the disability. 

Anesthesia is an important adjunct to manipulation and should be 
used unhesitatingly when it is necessary to obtain relaxation sufficient 
to overcome painful adhesions. A guiding rule may be propounded to 
the effect that when the force necessary for effective manipulation pro- 
duces pam, resistance and muscle antagonism, voluntary or involuntary, 
on the part of the patient, the use of anesthesia is m order. Pentothal 
sodium intravenously is ideal for the short anesthesia required for 
manipulation For children, vraethene serves the purpose adequately. 

The degree of force and the extent of manipulation depend on the 
disease process and its duration, the severity of contracture or deformity, 
the body region affected, the involvement of the soft tissues, and the 
status of bone density with respect to osteoporosis As intimated pre- 
viously, with fe^v exceptions, it is wiser to undermanipulate than to 
overmanipulate It is better to regam function by repeated manipulation 
rather than to gamble on produemg severe tissue damage or a fracture 
by being too “thorough” in one vigorous session. Reinjurj’ to the part 
or a manipulative fracture necesritates immobilization and the purpose 
of manipulation— to restore motion — 'is completely obstructed. 

After manipulation, the range of motion regained must be maintained 
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by active and passive exercises, physical theiapy, proper positioning of 
the limb and the use of traction, if necessarj'. Commonly, after the pa- 
tient regains consciousness the range of motion of the manipulated joint 
may be somewhat less than that during the anesthesia. Tliis loss is tem- 
porary and is consistent with the unavoidable minimal pain and spasm 
which are the expected sequels to manipulation. Overcoming the “adap- 
tive shortening” (Mcnncll) of a restricted joint is akin, loosely speaking, 
to the overstretching of a normal joint. In my experience, absence of 
pain immediately after manipulation has been the exception rather than 
the rule, despite statements in the literature to the contrar}*. 

Finally, the question of immobilization after manipulation ari'C-' 
Fixed immobilization, as in a plaster cast, is never indicated, if le-^toia- 
tion of motion is the goal. A removable splint is permissible to give ca> ' 
and protection to the involved tissues and to maintain the coirectiua 
wlien the limb is at rest from the prescribed physical tlicrapy. Traction 
is an excellent form of partial immobilization, because it distracts the 
joint and relieves muscle spasm and yet permits motion. When combined 
with a hinged splint and a system of pulleys, traction becomes still nioio 
effective. Swelling of the joint may be controlled by use of an clastic 
bandage. In short, restoration of function of a joint depends on a dclicarc 
balance between its mobilization and rest; the physical reaction of thi* 
involved part should serve both as an index to the degree of tlieiaj;' 
which can be tolerated, and as a warning against unduly vigoiou-* ■ 
care, 

CERVICAL ARTHRITIS AND DISK SYNDROME (CERVICOBRACHIAL PAIN , 

The role of manipulative surgery in the treatment of cervicoljMcliial 
pain due to cervical arthritis and/or cervical di-sk syndrome is ext i I'nu'jy 
valuable. In a survey of more than forty cases with the classic findiMg-' 
of cerxncal disk syndiome (pain in the shoulder, radiating to the loic.ii in 
and fingers; paresthesia of hand and fingers, usually ol medutn in ' >* 
distribution to the index finger; x-ray signs of osteoarthnti>, dniiiiu'l ' " 
intervertebral space with large eagle-beak spurs; and los^ of noiiJiti 
cervical lordosis), the results of traction theiapy wcie unit"iml\ '.iti'- 
factory. 

Technic. — ^The teclinic of tlierap}' is simple, hut effective. It i-^ im- 
portant to establish a definite program which the patient under.'itunds 
and can follow. The routine consists of physical therapy in the outpatient 
< opartnient, supplemented by a home regimen. It is .seldom necossaiy 
'o hospitalize a patient, oven with relatively .scveie symptoms, merely 
easily accessible phj'sical therajiy. 
he principle of the outpatient program is the emplo 3 ’mcnt of phj'sical 
_ orapj’ while the cerxdcal spine is under traction. The patient is placed 
in Uie prone position on the therapy table, resting ins head on a foichead 
«! applied and connected by a rojic over pulleys 

at the head of the table to a weight of 6 to 10 pounds. This traction is 
maintained while short wave diathermy is applied for twenty minutes 
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to the cervicoclorsal spine, followed by application of a hot moist com- 
press under an infra-red lamp concentrate on the same area for ten 
to fifteen minutes Traction is released for the purpose of massage. 

Three treatments are given each week and continued until relief is 
obtained. The patient should be warned that the first few treatments 
may exacerbate the symptoms because ot the direct stretching of the 
contracted tissues m relation to the nerve roots However, some relief 
is experienced about the fourth or fifth treatment, therapy should be 
continued until all arm ^mptoms have cleared up (except the pares- 
thesia, which may persist for weeks or months after the arm pain has 
disappeared). On the average, ten or twelve traction therapy sessions 
are required to obtain sufficient relief to enable the patient to stop the 
professional therapy and continue with the home program alone. 

The advantage of this method is that for about thirty minutes a steady 
pull 13 exerted with the neck in relative flexion and the patient is com- 
pletely relaxed This effect cannot be duplicated by hanging the patient 
with the Sayre overhead apparatus. The awkwardness and discomfort 
of the sitting or standing position produce tension states and protective 
spasm which offset the equivocal benefit of the suspension traction. 

The home regimen includes postural considerations (a “Queen Anne” 
.collar during the day, a contour pillow for sleep at night); physical 
•Therapy (a heating pad to the neck and upper back for one hour morning 
■ and evening) , and medication, especially during the acute phase, when 
^empirm compound with 1 gram of codeine every three or four hours 
may be warranted because of severe pain. In addition, 1^ to 3 grains of 
seconal at bedtime is useful 

Case I — J L O , white man, aged 45, first seen on May 8, 1948, gave a his- 
tory of five attacks of stiff neck, each lasting a few days, over a seven year period 
The last previous attack was about three years before The current episode began 
with right shoulder pain and stiffness, the pam radiated to the forearm, and 
tingling was noted in the index and middle fingera He was unable to sleep at 
night unless propped up or sitting m a chair 

Examination.— A moderate dorsum rotundum was noted, the neck being 
inclined forward at a 40 degree angle Cervical spine motion was limited, rotation 
to the right reproduced the pain in the right shoulder and forearm. The Adson 
test was negative for the scalenus syndrome 

X-Eays — The right shoulder was normal. Anterior longitudinal ligament 
calcification was present between the fourth and fifth, fifth and sixth, and most 
marked between the sixth and seventh cervical x-ertebrae, the space between the 
latter two bemg diminished. The cervical spine was vertical from the tliird to the 
seventh vertebra (loss of normal lordosis) 

Diagnosis — Cervical osteoarthritis; disk syndrome with radicular pain, 
r. - T •• • 

the middle finger. Continued improvement tos reported after four months oi 
active physical work. 
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FIBROSITIS OF THE SHOULDER 

The chief indication for manipulation of the shoulder is fibrositis of 
the shoulder (frozen shoulder, periarticular adhesion formation, chronic 
adhesive bursitis), its use depending upon the chronicity of the disease 
In the acute or subacute stages, forceful manipulation of adhesive con- 
tractures is contraindicated since the adhesions are in a fibroplastic state 
which will continue to develop and will mature into fibrous bands that 
will cause a recurrence of the contractures. During these stages more 
conser\'ative forms of physical therapy, to be discussed later, should be 
employed. 

The chronic form of fibrositis lends itself to manipulative therapy. 
Some authors contend that all stages should be treated conservatively 
but I have obtained the best results in the chronic stage by complete 
and thorough manipulation of the shoulder joint, restoring a full range 
of passive motion in all components of motion. Manipulation is per- 
formed under anesthesia, deep enough to obtain full relaxation, and is 
completed in a single procedure. 

In my experience with fibrotic shoulders there is no such thing as a 
painless aftermath to manipulation. The reaction after any degree of 
manipulation is painful, requiring hca\'j* sedation. The proponents of 
repeated partial manipulations must have patients of unusual fortitude; 
they are rare in my experience. I have discontinued multiple manipula- 
tions of the shoulder for the following reasons : 

1. The pain and discomfort of a “minor” manipulation is as sev'ere 

as that of a “major” procedure. A stretched adhesion remains a painful 
adhesion. Only when an adhesion is completely ruptured is the prognosis 
good for ultimate relief of pain. , 

2. The morale of the patient is better if ho knows that one manipula- 
tion will produce satisfactory results. If he is forewarned of the need for 
his cooperation during the painful aftermath, he meets his ordeal with 
greater equanimity and determined fortitude. It is better to exaggerate 
than to minimize to the patient the discomfort of the immediate post- 
manipulation period in order to weed out patients who are dubious of 
their ability to stand pain and patients of known emotional instability 
and psychoneurotic tendencies. WTicn the indications were phj’sically 
correct, the only unsatisfactor>' results I observ’ed were in patients not 
properly evaluated beforehand from a psychosomatic standpoint. 

3. Patients refuse to permit a second manipulation. 

Technic. — Manipulation of the frozen shoulder is carried out as fol- 
lows : \Mien the patient is anesthetized in the supine position, an assistant 
passes his arms under the patient’s back and with his fingertips im- 
mobilizes the lateral border of the scapula, which is fixed in the position 
of adduction. The operator then grasps the arm close to the shoulder. 

A long lever arm is to be avoided bccau»} the atrophic humerus may 
iracture on the fulcrum of fibrous adhesions. In routine succession raanip- 
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The shoulder may be symptomatic for several months after manipula- 
tion, but not to a painful or disabling degree. As a rule, improvement is 
progressive over the months and motion is ultimately restored to a practi- 
cally normal range of painless function 

Case II — T G C , white woman, aged 44, was first seen on June 21, 1946, 


Examination — Motions of the left shoulder were recorded as follow's Abduc- 
tion 10 degrees, humeroscapular abduction 45 degrees, internal and external ro- 
tation practically zero, flexion-addviction and posterior adduction were likewise 
minimal. 

X-Rays — X-ray exammation revealed no pathologic condition of the bones 
Diagnosis . — Fibrositis of left shoulder 

Course — Manipulation was earned out on August 27, 1946, with excellent 
release of adhesions Routine physical therapy was given during the hospital 
stay of ten days, and m the outpatient department until September 23, 1946, 
at which time all motions were excellent, although guarded, patient could inter- 
nally rotate well enough to fasten her brassiere m back. Review examination two 
years later revealed a normally functioning left shoulder joint 

FIBROSIS OF THE ELBOW 

Fibrous Ankylosis.— The notorious tendency of the elbow to become 
involved m excessive callus formation makes it mandatory that this joint 
be treated with utmost caution. The tearing, reparation or irritation of 
the periosteum about the elbow joint subsequent to a vigorous manipula- 
tion may result in a massive callus production equal to or greater than 
that following the healing of a major fracture m the same region The 
results of manipulative suigery of the elbow, at best, are not too good, 
yet judicious manipulation may improve function Only a few adhesions 
should be broken at one time, and after sufficient time has elapsed to 
allow the joint to recoi'er from the relatively minor trauma induced by 
this gentle manipulation a second manipulation may be carried out, to 
be followed by further stretchings, repeated as long as measurable im- 
provement in joint motion is demonstrable 

For manipulation the patient, under anesthesia, is placed supine on 
the therapy table w’itli the arm abducted about 45 degrees and resting 
on its dorsal surface. To obtain fierion, the operator stands at the level 
of the patient’s waist facing the head of the table and grasps the arm 
just abo\'e the elbow with one hand; with the other hand he grasps the 
back of the forearm just distal to the elbow and applies pressure toward 
flexion. It may prove easier to obtain flexion if the forearm is pronated 
or in mid-position, than if it is in the fully supinated position 

To obtain extension the operator stands at the level of the patient’s 
shoulder facing the foot of the table. K the left elbow is to be extended 
the operator grasps the front of the elbow (antecubital area) with his 



MANIPUIiATlVE SUROERY IN ORTHOPEDICS 


251 


right hand, so that his fingers enclose the ulnar margin of the elbow, 
leaving the thumb free to apply strong pressure over the head of the 
radius. Unless the radial head is held firmly during the manipulation 
there is danger of its being subluxated forward. Now, with the elbow 
firmly controlled, the operator uses his other hand to force the fully 
supinated forearm into extension, bearing in mind the need to apply 
sufficient lateral pressure to duplicate tlie carrjdng angle of the well arm. 

In patients whose motion is limited in the last few degrees of exten- 
sion, manipulation is indicated if pain is the chief complaint. Some of 
these cases probably are due to redundant sjTiovial fibrous tissue be- 
tween the olecranon and its fossa, subsequent to some previous trauma 
of minor degree. The technic employed is described by Alennell as 
“grinding the beak of the olecranon into the olecranon fossa," and con- 
sists of rocking the forearm alternately into varus and valgus position 
on the fixed arm as the elbow is progressively e.xtended. 

Radiohumeral Bursitis. — Manipulation has been employed success- 
fully in the treatment of chronic radiohumeral bursitis (epicondylitis, 
tennis elbow). Either general anesthesia of short duration or an injection 
of 5-10 cc. of 1 per cent procaine solution into the zone of tenderness 
may be used. The technic consists of placing the elbow in full extension 
and then vigorously hyperextending and adducting (decreasing the carrj'- 
ing angle). In this maneuver it is permissible to make an exception to 
routine technic in that a long lover arm may be used, and the mechanics 
employed may approach a controlled brisk jerk. The forced hyperexten- 
sion and adduction nith long leverage may produce a snap which is a 
favorable sign, indicating a release or separation of the adherent fibrous 
tissues. 


FIBROUS ANKYLOSIS OF THE WRIST 

The complexity of the wrist joint makes it unsuitable for manipulative 
therapy, according to the principles already discussed. The only condi- 
tion for which I employ manipulation is rheumatoid arthritis with pro- 
gressive ankylosis producing a flexion deformity. In such cases, under 
general anesthesia, the wrist is simply forced into optimum functional 
position of extension and immobilized in plaster. If some motion ulti- 
mately remains in the joint after the disease is “burned out,” it will be 
greatly enlianced by the cock-up position. However, if ankj’losis pro- 
gresses, as expected, to an uncompromising bony fusion, the position of 
function will provide greater efficiency for the handicapped fingers. 

FIBROSIS OF THE FINGERS AND METACARPOPHALANGEAL JOINTS 

The finger joints, in common with the elbow, are not amenable to 
manipulative therapy for stiffness. The delicate mechanism of the joints, 
, ® interplay of sjuiovia, capsule and investing ligaments, and 

e altered adaptability of excursion of the controlling tendons make 
icse joints susceptible to injury, slow to heal, and quick to stiffen by 
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fibrosis. The most careful manipulation (and certainly unskilled forcing) 
of the joints still produces some degree of hemorrhage, which m turn, 
upon organization, results m a thsproportionate and inordinate degree 
of fibrous tissue proliferation Therefore, for all practical purposes, I 
have discarded forced manual technics in favor of the use of elastic 
traction 

Several methods are adaptable, depending on the degree of fibrosis 
and the particular joints to be mobilized. Traction may be obtained m 
several ways The use of skeletal traction is contraindicated since it 
superimposes trauma to the member, produces secondary reaction in 
the tissues adjacent to the wire, and may open an avenue of infection 
More acceptable is the use of traction through a hole m the fingernail, 
but this method frequently stirs up reactive changes at the base of the 
nail, and occasionally a nail is avulsed from its bed The “Japanese finger 
trap,” wire or reed, is effective, but tends to constrict the circulation 
A better method is the use of fingcr-aized stockinette glued to the finger 
by Ace adherent, which when drj* has excellent holding quality Its chief 
disadvantage lies m its lack of flexibility alter drying However, it may 
be used efficiently m most cases UTien it is evident that correction is 
possible beyond the limits of the dressing, it may be reapplied in the new 
position and traction conliniiod for further improvement 

Technic — The method of choice, m my opinion, is use of the traction 
glove described by Bunnell and others. An unhned glove of soft leather 
(chamois, doeskin, kid) is fitted to the affected hand A wire loop or a 
small paper clip is fastened through the tip of each glove-finger, corre- 
sponding M ith the fingers to be corrected The loop or clip is then con- 
nected by means ot a rubber band to the traction base Traction may 
be increased by use of an additional rubber band or a shorter band For 
flexion contractures, extension is obtained by use of a removable volar 
plaster splint to which is attached a heavy wire ring extending distal to 
the hand (banjo splint). The volar splint is placed over the gloved wrist 
and palm and held m position by an elastic bandage. When an extension 
contracture is present, flexion forces are obtained by bending the banjo 
splint volanvard and pioximal to the WTist When more acute flexion is 
desired, especialij' in mvoh-eraent of tiio motacarpophaisngeai jomt, 
the banjo splint may be lejilaccdby several small hooks incorporated into 
the volar surface of the volar splint at spaced intervals proximal to the 
wrist. The traction force may be decreased or increased by adjusting 
the rubber band to a closer or a more distant book, the elastic bandage 
may be so wrapped that any chosen hook may be exposed, cihile ade- 
quate fixation of the splint to the forcaim is still maintained 

This technic for applying traction has the advantages of permitting 
its removal for the administration of physical tlierapy, of permitting ad- 
justment, and of subjecting the tissues to a minimum of trauma 
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LOW BACK DERANGEMENTS 

Current opinion accepts the concept that the conditions known vari- 
ously as lumbago, sciatica, sacroiliac strain or sprain, lumbosacral sprain, 
and sciatic scoliosis probablj' represent some form of slipped interverte- 
bral disk. 

If the mechanics of the slipped disk are visualized the rationale for 
manipulation becomes clear. Any posture which arches the lumbosacral 
spine into h 3 ’perc.\'tension, increasing lordosis, mcroases the lumbosacral 
angle but decreases the lumba^acral interepace posteriorlj*. By the same 
token the superior articular facet may ride upward, encroaching on the 
intervertebral notch and narrowing the interforaminal space through 
which the nerve root passes. If the disk is herniated posteriorly, lumbar 
extension increases the intradiskal pressure and favmrs further posterior 
ballooning of the extruded disk. 

Almost invariabl.v the patient assumes a fonvard, hunched-over pos- 
ture as a protective measure. However, the intrinsic need for protective 
immobilization may be so great that powerful invohintarj’ lumbar spasm 
develops to splint the lower back, to a varjung degree decreasing or off- 
setting the attitude of fle.xion. 

In my experience manipulation has played an important role in giving 
ease to the patient, decreasing the postural deformity', facilitating the 
u«e of other modalities (brace, corset, flc.xion bed, flexion cast) and short- 
ening the period of invalidism. 

_ Technic. — The technic I employ is best accomplished after some pre- 
liminary form of heat to the lower back, but with the patient^s coopera- 
tion manipulation maj* be performed without delay. The patient is placed 
on a therapy table in a true lateral position. The under leg is kept ex- 
tended, but the upper leg is allowed to fall fonvard in a natural bend at 
the knee, the toes hooking lightly behind the other ankle. The under 
arm is held at 90 degrees to the body. The patient is then allowed to 
incline fonvard, resting the head on the under arm. The manipulator 
stands behind the patient, places one hand broadly- over the posterior 
and lateral crest of the ilium, and places the other hand on the antero- 
iafcral chest wall covering the lower ribs. Then slowly, gently and sfead- 
il}’, without jerking, the ilium is pushed away from the manipulator in 
the long axis of the femur, while the other hand acts as countertraction 
and balance against the chest wall. During this maneuver a series of 
snapping sounds on the affected side is frequently' heard and felt; when 
the maneuver is repeated on the asy'mptomatic side the snapping i** 
usually lcs.s pronounced or entirely absent. This difference has been ob- 
ser\ed so constanti}’ (regardless of Avhether the well or the affected side 
I"* manipulated first) that I believe it is of clinical significance in confirm- 
ing the side and site of the lesion. 

At this point if the patient is asked to rise from the table and stand 
on t le floor, several facts will be elicited in a large percentage of case.s 

irst, the patient will state that he can move a bit more freely', that ho 
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can stand more nearly erect, and that pain is decreased (seldom elimi- 
nated completely) ; objectively, one observes that the patient does stand 
more nearly erect, and that the torso tilt or list is appreciably decreased. 

The manipulation is completed by u«5 of the maneuvers described by 
Jostes,* consisting of passive flexion of the lumbar spine with the patient 
lying supine on the floor or on a low therapy table. The thighs and knees 
are first flexed fully upon the patient's chest and then rotary flexion of 
the pelvis to either side is performed. In my opinion all manipulative 
procedures ivhich attempt to force the lumbar spine into lordosis (by 
knee pressure, “corkscrew” maneuver, or “blanket shaking”) are con- 
traindicated. 

Some authors advocate manipulation of the back under anesthesia. 
Although situations may arise when anesthesia is considered necessarj', 
I believe that no greater force should be used than can be tolerated by 
the conscious patient. I recall one case in which major permanent sciatic 
nerve damage resulted from over-zealous manipulation, forcing the ex- 
tended leg by the Lasegue maneuver into complete flexion at the hip 
white the patient was under general ancstliesia. 

COCCYGODYNIA 

CoccygodynKa has long been considered o sjuclrome m which the 
functional element played a major role. I recoil this statement for what 
It may lie worth when evaluating .the results of treatment which are 
uniformly satisfactory In other words, manipulation is a successful 
method of treatment of coccygodynia whatever the psychosomatic ratio 
may be This is true in cases with a wide variation in size, shape and 
degree of mobility of the coccyx. 

Technic — The technic of manipulation is very simple. For the right- 
handed operator the patient lies on his left side with knees and hips 
flaxed to a position of comfortable balance. The operator, standing be- 
hind the patient, inserts hts gloved index finger into the rectum, liooking 
it into the tip of the coccyx The thumb on the outside completes the 
pincer grip on the coccyx, which is then slowly but firmly pulled back- 
ward (c.xtended). The patient is encouraged to relax whenever the anal 
ring is felt contracting in resistance or painful spasm. By gentle degrees, 
the cocej'x can be extended fully, and it is held in this position for a full 
minute before relaxation is permitted The finger is not wilfidrawn, and 
after a moment’s rest the manipulative maneuver is repealed. 

The patient is instructed m the technic of self-manipulation, wlUcli 
can be performed easily by the method just described; the patient, lying 
on his left side, has no diflicuUy in using the right index finger and thumb 
to perform a satisfactory manipulation. The mampulation may be per- 
formed in conjunction with a preliminary relaxing sitz bath. 

. , •>., 1 --, : 

fjc for two or 

* 

The value of self-manipulation is questionable. However, I believe 
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that the psychoneurotic patient soon tires of the imposed treatment and 
is willing to concede improvement. On the other hand, the patient with 
real organic distress obsen'es definite benefit and is willing to continue 
treatment until relief becomes permanent. 

LESIONS OF THE HIP JOINT 

Osteoarthritis of the Hip. — In mj' experience with treatment of the 
arthritic hip by manipulation alone the results have been disappointing. 
Improvement, if any, was usually short Ih'ed unless traction therapj' 
was instituted as routine after-care, thereby prolonging andcnhancing 
the improvement. Because of this obser\'ation, traction therapy was tried 

ithout manipulation and the results were found to be quite satisfactorj'. 
This statement, however, must be qualified to the extent that severely 
disorganized joints, as in malum coxae senilis, did not respond well to 
any form of conservative treatment. Therefore, the cases should be 
selected, and obviously the less involved hips respond best to treatment. 
Yet in many cases of advanced osteoarthritis, when suigerj’ ^^•as contra- 
indicated, a modicum of relief could be obtained by traction. 

Technic. — ^The patient is placed supine on the therapy table, and 
traction is applied to the affected limb by means of a leather anklet. 
The foot of the table may be elevated to increase countertraction, espe- 
cially with patients of light weight. Traction weight is transmitted over 
a pulley at the foot of the table; a pull of 10 pounds is applied at first, 
increased with successive treatments to 35 pounds, as tolerated. With 
active traction in effect, the therapist then super\’ise3 the routine applica- 
tion of short-wave diathermy, infra-red over a moist compress and deep 
massage to the affected hip region. 

At the conclusion of traction and physical therapy, the hip is put 
through a session of stretching, in which an attempt is made to reproduce 
all of the usual components of hip joint motion. Of necessity, these 
maneuvers are limited and gentle in the beginning, but become more 
forceful at successive visits. 

The principles underlying this tcchnic are identical with those dis- 
cussed in the section on cervical arthritis. Here, too, the patient should 
be warned that the first few treatments may aggravate the sjonptoms, 
but improvement is noted shortly thereafter. 

If the patient is hospitalized, treatment may be given daily. When the 
patient returns to bed, traction is applied to the anklet and worn as con- 
stantly as possible, day and night. By means of a two-plane suspended 
splint the patient is able to work the hip into flexion as well as swing it 
into adduction and abduction. The apparatus is essentially the same as 
that used to mobilize the hip after arthroplasty. 

If the lesion is mild (or the patient’s circumstances must be considered 
economically or othenvise), the patient may be treated as an outpatient 
thr^ times weekly. A simple direct traction apparatus is set up on the 
patient’s bed and is worn at night to supplement the treatment received 
at the hospital. 
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It should be understood that the routines described are not infallible, 
but they will have served their purpose as motion is improved and/or 
pain is alleviated 

Case III — H J , white man, aged 64, was fiist seen on September 2S, lS-17, 
confined to his bed because of backache and pain in the right leg For about 
twelve years, he had been subject to recurrent mild backaches, however, three 
years before the cut rent illness he had had a severe attack of backache requiring 
one week’s bed rest for relief The most recent attack, three weeks earlier, had a 


Patiick test performed on this leg was markedly positive, all other leg tests, in- 
cluding Las^gue, weie negative Raising the left leg, howevei, produced pain m 
the light sacroiliac region The hip showed a 20 d^ree flexion contiacture, in- 
ternal and external rotation were each limited to about 5 degrees, abduction was 
limited to 20 degrees 

V *’ \ • . • ! ’ 


iim of the acetabulum 

Diagnons — Osteoaithritis of the lumbai spine and right hip joint 

Course — Duniig the acute phase the patient was unahle to move from his 
bed, so traction was set up at liome, and three physical therapy treatments were 
given each week The patient was out of bed after seven daj’s under limited 
activity By the end of the thud week spasm was notably decreased, motion was 
moderately limited in all components, being more limited m abduction; pain, 
howevei, wu' completely rehex'ed Examination one year latei showed no further 
loss of motion, pain had not recurred, and the patient’s activity was normal 

Slipped Femoral Epiphysis. — A great deal of controversy surrounds 
the question of treatment of femoral epiphyseolysi'*, but I believe that 
one facet of therapy m these cases falls within the field ot manipulative 
surgery. A very rigid choice of cases must be made, the criteria for 
selection being: 

1 A definite history of trauma should be obtainable 

2 TKe fUppmg mvist, be <sC very recent ongm, not over tbceo weeks’ 
duration 

3. The slipping must be less than 1.5 cm , as measured in the roent- 
genogram. 

Technic — Under general anesthesia the general principles of the 
Leadbetter maneuver are followed With the patient supine and the 
pelvis fixed to the table, manual traction is applied to the affected limb 
in extension. Maintaining traction, the knee and hip are flexed slowly 
and gently to right angles. Next, the hip is rotated internally (stilf main- 
taining longitudinal or upward traction) and finally brought downw-ard 
and outward into simultaneous extension and abduction 

The manipulation must be of the gentlest order If x-ray control indi- 
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cates a failure of reduction, manipulation should be abandoned; repeti- 
tion may do irreparable harm to the epiphyseal line and to the head of 
the femur. If the cases are selected wisely a good reduction is usuallj’’ 
possible. The type of fixation of the hip after reduction rests with the 
surgeon and will not be discussed here, to prevent further complication 
of an already controv’crsial subject. 

DISABILITY OF THE KNEE 

Manipulation of the knee is performed for reduction of a dislocated 
or torn semilunar cartilage, and for restoration of motion when limita- 
tion is due to post-traumatic fibrosis and/or osteoarthritis. 

Meniscus Syndrome. — In cases of fresh dislocation of a semilunar 
cartilage reduction can be obtained in most cases by manipulation. In 
order to insure relaxation the manipulation may be facilitated by injec- 
tion of several cubic centimeters of 1 per cent procaine at the point of 
maximum tenderness, or general anesthesia (pentothal sodium intra- 
venously). 

Technic, The patient lies supine on the therapy table and the affected 
knee is brought into full flexion on the flexed thigh. Assuming that the 
medial meniscus is displaced, the operator externally rotates the tibia 
on the femur and at the same time exerts an abductorj’ pressure against 
the knee (to increase valgus, open the medial joint space). Continuing 
to exert pressure in external rotation and abduction at the knee, the leg 
is then slowly extended to 130-140 degrees. At tins point the foot and 
leg are vigorously derotated into full internal rotation, and by the same 
motion the knee is fully extended. When the lateral meniscus is displaced 
a corresponding technic is employed, except that the leg is internally 
rotated and adducted at the knee (crossed-knec position) and in the final 
phase derotated into external rotation while the knee is being extended. 

In stubborn cases Fisher* uses an alternate method. The patient’s 
knee is fle.xed over the end of a table at an angle of about 20 degrees. 
Tlie operator grips the lower part of tlic patient's log between his thighs, 
and then grasps the head of the tibia with his hands. Ne.xt, he uses the 
thigh grip to open up the inner side of the joint, at the same time forcibly 
moving the head of the tibia alternately and “rocking” the knee between 
adduction and abduction. 

Fibrosis of the Knee Joint. — When the knee joint motion is limited 
after prolonged immobilization of the knee in extension after arthrotomy, 
or after fractures in or about the knee, manipulation may be of great 
benefit. Its use in arthritis — atrophic or hypertrophic — is very limited; 
however, in traumatic arthritis, the results are usually quite gratifying. 

Technic. — Under general anesthesia the patient is placed supine on a 
table and then drawn toward the foot until the well leg clears the table 
and^ drops at a right angle. The thigh of the stiff knee is held down firmly 
against the table by an assistant, while the operator stands at the foot 
of the table, places one hand over the patella and with the other hand 
grasps the leg firmly just below the level of the tibial tubercle. It is im- 
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portaat to avoid gripping the leg too far distally, as this increases the 
leverage and the danger of producmg a rupture of tendon or ligament or 
a fracture of the atrophic porotic bone of the patella, of the distal portion 
of the femur or of the proximal portion of the tibia. 

The manipulator forces the tibia down into flexion by a steady, even 
pressure until the tearing of the adhesions 5s heard and felt as they rup- 
ture. The leg must not be raised and loivered like a pump handle. How- 
ever, as more flexion is obtained, the operator may judiciously increase 
the lever arm of his grip This sense of balanced force is acquired only 
with experience, and if the manipulator is in doubt as to how much force 
he should employ he would do well to accept a small gam in motion and 
repeat the procedure later after the acute reaction of manipulation has 
disappeared. There is no contraindication to repeated manipulations 
as long as each manipulation results in an appreciable gain of motion m 
the joint. 

LESIONS OF tHE FOOT AND ANKLE 

The closely knit relations of the ankle mortise the relative weakness 
of the fibular collateral hgament, and the complex integration of the 
bones of the foot make these joints particularly unsuited for manipula- 
tion when arthritis of any notable degree lias developed. In fact, mobil- 
ization of these arthritic joints may produce more pam on weight bearing 
and increase the disability. 

However if stiffness which is the result of trauma (mthout x-ray evi- 
jdence of joint damage) is unduly slow m responding to the usual modali- 
*ties of physical therapy and exemi.‘«e, manipulation may occasionally 
proi'c beneficial. Hoivoi'er, a fair trial of physical therapy is first in- 
dicated. 

Technic. — One hand grasps the heel firmly from below and exerts 
strong traction while the otlier hand, successively, guides the posterior 
foot into inversion, eversion, plantar flesion and dorsal extension Shift- 
ing the grip somewhat distally to grasp the astragalus, the forefoot is 
successively twisted into supination, pronation, abduction and ad- 
duction. 


SUMMARY AND COMMENTS 

The practical clinical application of manipulative surgery' to the field 
ot orthopedics has been revieived. The text has departed to some extent 
from the orthodox form of presentation, and the intent has been to 
present useful information about the most common lesions seen in prac- 
tice, rather than to be encyclojiedic. The technics described are those 
which have proved the most helpful in the most cases. 

In a nuttier of conditions my evaluation of methods and results has 
been at variance wdth those reported m the literature, but ray evaluation 
is based on pereonal observatiems, frankly reported, and is not a com- 
pilation of medical writings. A. plea has been made for accuracy in estab- 
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lishing diagnosis and indicating sound treatment. Conservatism in 
therapy has been stressed, with full recognition of both the physical 
and the psychological status of the patient. 

Finally, the need for greater recognition by the medical profession of 
the usefulness of manipulative therapy in general and specialized prac- 
tice has been emphasized. This recognition must come from within the 
ranks of the profession itself, starting in the curricula of the medical 
schools. The acceptance and practice of good manipulative surgerj' will 
have three beneficial consequences: 

1. A valuable modality will be added to the armamentarium of the 
practicing physician. 

2. The general public will be better served bj’ virtue of this increment 
to medical knowledge. 

3. The sound practice of manipulative surgery will serv'e to alienate 
the patients from the seivdces of the irregular practitioners of medicine, 
and return them to the fold of trustworthy medical practice. 
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CHONDROMALACIA PATELLAE 


SiDN’EY SiDKitAN, M.D.,* Frank Glass\ia>:, 

AND Irving Wolin, M.D.J 

ETIOLOGY 

The term “chondromalacia patellae” was first used in the literature 
by Konig (1924). It applies to a circumscribed degeneration of the pa- 
tella, as evidenced by softening, fibrillation with eventual Assuring and 
erosion of the cartilage. Direct injurj' and loss of nutrition produces the 
pathologic changes in the cartilage of the patella. 

After a careful review of the literature, Bronitsky summarized the 
present trend of tliought regarding the etiology, as follows; 

1. Our knowledge of the physiologj' and nourishment of cartilage is 
still incomplete. 

2. Degeneiation of cartilage without trauma docs not exist. 

3. Acute trauma or static deformities can influence the origin and 
progress of the disease. 

4. The question of constitutional disposition and heredity as etiologic 
factors is still unsettled. 

The incidence of chondromalacia of the patella as determined by 
arthrotomies varied with different investigators. Aleman (1927) reported 
that one third of the 200 arthrotomies on soldiers in the third decade of 
life revealed a focus of softening and Assuring of the patellar cartilage. 
Hilzcnsauer (1930) found forty-eight cases in 1000 arthrotomies. Cliak- 
lin (1939) found thirty-eight chondromalacic patellae in 159 operations 
on the knee. Anderson (1944) at a Naval Hospital reported ten out of 
fifty successive arthrotomies showed changes in the patella. Soto-Hall 
(1945) at an Army Hospital found twelve instances in s^xty-Ave arthro- 
tomies performed for chronic knee complaints. Darrach (1939) noted 
that in 37G arthrotomies 6.8 per cent revealed degenerativ’e changes in 
the patella as the only demonstrable pathologic change found m the knee. 
Cave, Rowe and Yee (1945) reported 124 arthrotomies with nine in- 
stances in which the patellar cartilage degeneration was the only cause 
for symptoms. 

The youngest patient reported as having chondromalacia patellae 
was 10 years of age. The 3 'oungcst patient with the disease verified at 
operation was 13 years of age. 

In an aatops 3 ' report b 3 ' Owro (1930) of knees e.xamined in which 
thoio were no complaints referable to the joint, it was found that de- 
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generation of the patella existed as follows. 

Years of Age Incidence 

S oQt of 18 and all over 14 years of age 
20-29 27 out of 32 

30-39 24 out of 26 

40-59 30 out of 32 

CO-SO all 16 cases 

It was also noted that the degree of severity of involvement increased 
With age. 

The patella begins to show early degenerative changes on the medial 
aspect mth the central and lateral areas less frequently involved. In 
severe cases and those with late changes, the entire surface of the patella 
IS involved 

Wiberg made a study of the anatomy of tbe patellofemoral joint. He 
showed tliat m 20 to 50 degrees flexion, the lateral facet and a small part 
of tbe medial facet contacted the articular surface of the femoral con- 
dyle and the greatest stress was on the central longitudinal ridge. 

I\''ith increased flexion of the Icnee, the pressure on the ridge diminishes 
and at 90 degrees it disappears completely. At this point the patella 
reaches the intercondylar notch, and contact is mamtamed by the larger 
lateral and smaller medial facets During flexion, the lateral patellar 
facet continues in good congruence with the lateral femoral condyle, 
while the medial facet of the patella, from an angle of 90 degrees and 
^ipward, opposes a convex surface to the convex femoral condyle. 

DUGNOSIS 

The diagnosis is based upon a history of chronic knee discomfort of 
vaiynng degrees of severity. Pam in the medial front portion of the knee 
IS accompanied by weakness and a tendency of the knee to buckle, or 
give way. These sjTnptoms are aggravated or first noticed when cUmbmg 
a hill or walking up and down stairs. Pain may be present in the anterior 
thigh and antenor lateral leg. The thigh pam is due to reflex spasm or 
fatigue of the quadriceps mechanism. The lateral leg pain may also be 
on a muscle fatigue basis because the patient attempts to splint the knee 
in flexion when walking. The mechanics of walking with the knee flexed 
can produce the thigh and leg pains. Quite frequently this necessitates 
a differential diagnosis of radiatmg pain m the lower extremity. Many 
patients are erroneously considered to be suffering from some form of 
“sciatica” or circulatory disease. 

Repeated momentary locking of the knee occur resulting in loss of 
ful . ■ • 1 • •*’ • 

pa . 


like tags* or loose bodies break away from the articular surtace ot lue 

patella. . . , 1-1 

The knee frequently aches after remaining m one position for a wmie. 
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After assuming activity following a short pencil ; acntous 

knees were held in flexion, there is much difcar- jjs 

history of morning tightness of the joint, ^^th izs J' , 

after walking, is indicative of an advanced ca^e 
osteoarthritic changes. 

Crepitation of the patellofemoral joint h — 
diagnostic sign of this disease. The patella mu?: "• 
the femoral condyles and moved up and do^ ~ - 

to elicit the subpatellar crepitus. It is preset' — 
patella and varies from a single click or soft vcIt^— ‘ 
ness, to a creaking, crunching, grating sound, n 
distance of several feet. Crepitus indicates -x: :: 

the absence of crepitation does not rule out - 

cartilage. 

The crepitation is often only obtained wLen zs n . ‘ 
activates the knee while the examiner palpa'.^r "h- 
Pain on pressure applied to the patella rrr^ •: " 
must forcibly contact either femoral condj-fe i ‘7 -r' 
the medial femoral condyle in complete ex:>n-"' 
duced. It is a dull aching pain bccomiog ^ q 

patella against the femoral condyle. lerol^ncw re* 

The s>*novial membrane may be thickene-f sr.-. • > . \-ith cartilage 
patellar fatty tissue edematous. There may f a vr - * -th large lower 

when pain and effusion has been present for — 



At the time of arthrotomy, the joint fltiid ; t- ■ 
floating pieces of cartilage will be found- 
The patella will reveal early finding* m «*?.-, , . 
change from the normal bluish white fhrnr r.tr.' •* . 
one of a yellowish, opaque and soft deg*-.riArui’,»>.. 
surcs appear with fraying of the cartnag«r and , 

tags. As the cartilage is gradually groumi dvt ‘l 
becomes exposed. The exposed bone eventtai’- ~ 
ebumated. All or a portion of the articnfar 
Marginal osteophj'tes appear early and the 
irritated. The contiguous portions of the ferrV 
erosion but seldom fibrillation. The miacr^Tr- • 
lesions are those of fibrillation of the r 

swelling of the deeper adjacent layer and th^ Z- ‘ . 

cells. The individual cells degenerate, -/ ■'••v 

together in small groups. As the clefts aiwl e. - ' !^'l 
clusters appear in the vicinity. TJie thjdat^ rZ' - crU 
sively reduced. The sulxihondral bone Aom 
iar Mrtilage has become markedly alMtd. ' ' 
the erosion extends for a di«a» h- 
maiTow of the subchondral bone.c. 

proliferation; fibrous tongues often' " Ih,'"' - 
tion. In close proximity to this nevr- -- 'i 




■al diagnosis, 
‘londro-ossfous 
iJ. Clinical cliaR- 
orfioli* osteoporo- 
' ' ' kneo » 




Ftp 112 (Patient W F) — Clinical diORnosts of chondromnlaciti ^1, Lateral 
view- reveals lower patellar pole osteoporosis B, Tangential view— no dugno^lic 
findings (See also Figure Hi, A ) C, Tissue forceps probing into degeneralcil 
cartilage with spreading of fibnllotions revealing defect 


Special tangential or “skyhne” victvs of the patella may reveal slight 
changes of the subchondral bone. There are often Obseous flakes or chips 
lying on the articular surface erf the patella Indentations of the patellar 
cartilage may be present but rclationdiip to chondromalacia patellae 
IS debatable. Even pneumography mil be of limited value Tlie roent- 
genogram may be important only because of negative findingb 
A djRercntial diagnosis includes other causes of mternal derangement 
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of the knee joint such as meniscus lesions, loose bodies, ligamentous 
instability, fat pad pinchings, sjTiovial adhesions and plica tears. 



Fig 113. — Clinical diagnoses of cliondroinalacia ..1. Patient R. S. Open knee 
vie^7 of patella reveals lower pole osteoporosis B, P.vtienl A S. Lateral view re- 
veal? lower pole osteoporosis and indentation at central portion with cartilage 
flake. C, Patient P. D B, Lateial view revoali® joint osteoaithriti? with large loner 
polo osteophyte 



A B C 


Fig 114. — .4, Patient J. F Arthrotomy diaRnosh confirmed clinical diagnosis 
Lateral MOW reveals lower pole osteoporosis and o.sieopli 3 ’te or chondro-osseous 
flake (For patellar photographsce Figure 112. C.) li. Patient L. D. Clinical diag- 
nosis of chondromalacia. Lateral view reveals suiierior and inferior pole osteoporo- 
sis and osfeoplij'tes. C, Same patient. Tangenti-al view of right knee re\eals 
su chondral osteoporosis of the lateral border aiul large cluiiidro-osseons defect 
in meutal border with email loo'^e bod 3 ' in patellar bed 

fo Soto-Hall, the diai^osis must ro.st on combinations of 
1 10 following signs and s3’mptoms; ( 1 ) subpatcllar crepitation on active 
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ffiovement; (2) variable deep-seated pain; (3) tenderness on percussion 
of the patella; (4) a pseudo-locking, or ratchet rhythm; (5) a subjective 
feeling of instability; and (6) occasional recurrent subluxations of the 
patella. 


TREATMENT 

Conservative management of early cases consists of minimizing joint 
trauma, quadriceps active exercises with resistance and physical therapy, 
fn the advanced cases where the symptoms are chronically disabling, 
arthrotomy and surgical correction is indicated. 

Types of Operations. — Surgical procedures advocated for the relief of 
symptoms of chondromalacia patellae are as follows : 

1. Resection of patellar cartilage referred to as rhondrecfom^. The de- 
generated fibrillated cartilage ia shaved smooth by a sharp scalpel blade. 
The underlying bone is not exposed but most often the shaving is carried 
dowTi to the surface of the osseous portion of the patella 

The patellar articular surface can then be covered with synovia or 
other interposing substance such as oxycel or gel foam. Ihe synovial 
covering did not yield as good results as oxycel but it has become evident 
that interposition is definitely a hindrance to recovery m chondrcctomy. 
The results are best if no covering is used in the cartilage resection opera- 
tion The operation of chondrectomy is used when the pathological 
changes are early and the underlying bone is not involved. 

2 PateUaplasty or total resection of the articular cartilage in which 
the entire patella with the exception of a bony shell is removed. This 
operation is used in moderately advanced cases. The raw bone surface 
of the patella is covered with synovia, fascia or oxycel. This yields only 
fair results and is being discarded in favor of patellectomy. The surgical 
approach is through a medial parapatellar incision The patella is rotated 
through an arch of 180 degrees on its long axis to expose the cartilage 
surface. 

3. Palelkdomy is the procedure of choice for all stages of chondro- 
malacia patellae with the exception of the very early lesion as found 
chiefly in the adolescent or young adult. The decision lies between chond- 
rectomy and pflteJlectnmy as the operative method We feel that when 
the subchondral layer is intact, a diondrectomy will suffice 

The patella normally lies behind the quadriceps tendon aponeurosis 
which helps to form the capsule of the knee joint. Good fundtion of the 
extensor mechanism and knee joint can be obtained after total excision 
of the patella. Brooke proved this in patellectomy for fractures. 

Patellectomy can be considered as a specific treatment for chondro- 
malacia patellae. It eliminates the mechanical impediment to function 
due to degenerative changes in the patellar femoral joint. 

Preoperative Preparation. — ^This consists of quadriceps exercises and 
instruction of the patient concerning the importance of good exten^r 
muscle control. Within forty-eight hours following patellectomy, the 
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patient is encouraged to contract the quadriceps as a frequent exercise. 
After two weeks, straight leg lifting exercises are performed and resistive 
exercises are added. 

Technic of Operation. — The technic of the operation consists of a 
saucer-shaped horizontal incision with convex edge crossing the inferior 
pole of the patella. The quadriceps expansion is incised in line of the 
skin incision and the lower end of the patella is dissected free from the 
patellar tendon. By sharp dissection the patella is separated from the 
quadriceps e.xpansion. 

The proximal flap of the quadriceps expansion and quadriceps tendon 
is sutured to the distal flap of the quadriceps expansion and patellar 
tendon in a transverse manner. The flaps and tendons are overlapped 
about 5 to j inch. The suture material can be fascia lata but silk or cotton 
has been found adequate. 

The postoperative dressing for the knee is a compression elastic 
bandage. A posterior plaster splint which remains on for ten days or 
traction can be applied t<J maintain postoperative extension of the joint. 
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THE INDICATIONS AND TECHNIC OF FOOT STABILIZATION 
IN INFANTILE PARALYSIS 


Robert 0. Ritter, M.D.* 

Deformity of the foot, with or without instability, following an 
attack of infantile paralysis is a serious handicap to walking. Attempts 
to correct these deformities by conserv’atire manipulations, tendon 
transplantations, casts or braces have never prov'cd entirely satis- 
factorj’. 

It was not until the relationship of the v'anous joints of the foot to 
the deformity was recognized that the limitations of conservative treat- 
ment were overcome by rational surger 3 '. 

After all return of muscle power has ceased, and the patient ha-5 
reached the age of 7 j’ears or more, arthrodesing operations may be done 
without too much bone destruction. Arthrodesing operations on the 
foot are not indicated on very young children no matter how long since 
the attack. So much cartilage and bone would liave to be destroyed that 
the growth of the foot would be seriously rctariled. Until such time as 
the patient reaches the ago at which an aithrodesis can be done with 
the least amount of cartilage and bone destruction, conservative meas- 
ures must certainly be followed. 

An arthrodesis is a useful operation for foot stabilization when prop- 
erly done. This means adequate incisions, jiioperly placed, careful re- 
moval of cartilage and bone, backward displacement of the foot, and 
good apposition of bone, with the foot in neutral lateral position. Poor 
results are due to poor bone apposition, failure to immobilize the foot 
in the proper position, and maintenance of immobilization for too short 
a period of time. 

In planning an operation on a paralytic foot the surgeon should thor- 
oughly study the foot to determine the forces causing the deformity, what 
to do to correct it and to prevent it’s recurrence. He should also plan 
the incision, or incisions, that will best expose the aiea to be operated. 
The majoritj’ of foot deformities, such as cquinovarus, calcaneovams or 
valgus, are the result of muscle imbalance. Tlie flail drop foot results 
from a complete loss of power in the leg muscles. It is obvious, therefore, 
that no one incision or one type of operation is suitable for all foot de- 
formities. Tile aim of surgery on a deformed foot is to relievo pain, restore 
as no.arly as possible its normal function, namely, support and transporta- 
tion of body weight. Further, the aim of surgery is to restore a more 
normal appearance of the foot and to allow braces to be discarded. 

Tlie first real attempt in this countiy to fuse the aubastmgaloid joints 
uas that of D.avis in 1013.* He destroyed the joint between the astraga- 
lus and the os ealcis and the astragaloscaphoid joint by thorouglily 
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gouging up the cartilage and bone but not removing any of the chips 
from the u'ound. 

Dunn,* in 1919, described his operation for calcaneo cavus deformity. 
Through one long incision extending from just above and in front of the 
external raalieotus to the dorsal surface of the base of the fifth metatarsal 
bone, all the joints of the tarsal bones were exposed. The head of the 
astragalus, the scaphoid, and the cartilage from the cuneiform bones 
^Ye^e removed. A block of bone and articular cartilage tvas removed from 
between the os calcis and the cuboid. The ligament between the astra- 
galus and os calcis was divided and the cartilage removed from the 
adjacent surfaces of these bones The foot was then displaced backward 
at this joint and the astragalus fitted snugly into t!ie cuneiform bones. 
The raw surfaces of the os calcis and the cuboid were also opposed 
Following closure of the operative wound a plaster cast was applied 
from the toes to the knee. 

In 1921 Hoke* described an arthrodesing operation which he per- 
formed on children as young as G years He removed all soft tissue from 
the subastragalar fossa, divided the astragaloscaphoid ligament, and 
removed the inferior articular surface of the astragalus and the adjacent 
articular surface of the os calcis Next, he amputated the head and neck 
of the astragalus at the junction of the neck with the body. The removal 
of the cartilaginous facet from the upper surface of the os calcis allowed 
the foot to be displaced backward. Ilie head and neck of the astragalus 
were then trimmed doivn and replaced betiveen the body of the astra- 
galus and the scaphoid; the foot was cocked up to the desired position 
and held while the wound was sutured and the plaster cast applied. 

Hibbs* devised an operation based on the facts that the astragalus 
18 the moat stable bone m the foot and that the deformities occur in the 
mid-tarsal and subastragalar joints. Tlirough two incisions long enough 
to expose completely the involved joints, all cartilage was removed from 
between the astragalus and os calcis, and from between the astragalus 
and scaphoid. Enough bone was removed from between the cuboid and 
ob calcis and from the astragaloscaphoid joint to allow sufficient back- 
ward displacement of the foot with all raw bone surfaces in close conJact. 
The foot was fixed m plaster in the neutral position until solid fusion 
occurred. 

In 1923 E. W. Ryerson* described his triple arthrodesis for paralytic 
feet. This is the operative proccedurc the ivriter has followed and used 
m most instances, and which has given eminently satisfactorj’ results. 

TECHNIC OF ARTHRODESIS 

Through two incisions, one on either side of the foot, the tarsal joints 
are exposed (Fig. 115). The capsules and ligaments, including a thm 
layer of bone, arc laid back from each side with a thin, sharp osteotome, 
thus exposing the joints to be arlhrodesed. The cartilage, with the neces- 
sary amount of bone, is then removed from between the astragalus and 
the os calcis from the astragaloscaphoid joint and the calcaneocuboid 



FOOT STABILIZATION IN INFANTILE PAR,\LTSIS 


271 


joint (Fig. IIG). If need be, the cuneiform joints and the joint between 
the internal cuneiform and the first metatarsal can be fused. In extreme 




Fig. 115. — Incisions for exposure of the tarsal joints. 

af Ae)77a>'e</ 




Fig. 116 Showing amount of bone and cartilage to be removed for the 
backward displacement of the foot. 

us de^rmitj' the entire scaphoid and head of the astragalus are re- 
o'cd. T\Tien the foot is displaced backward, the joint spaces are so 
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changed that when the layers of bone and capsule aie replaced the bone 
acts as a graft across the arthrodesed areas. With a strong spear-pointed 
needle these layers arc sutured in place with interrupted No. I chromic 
catgut sutuies. The subcutaneous tissues are closed with interrupted 
plain catgut and the skm closed with interrupted silk sutures. 

In many cases the anterior tibial and also the posterior tibial muscles 
are paralyzed while the peroneus muscles remain strong and active In 
such a case the peroneus longus tendon should be transplanted so that 
it may act as a dorsiflexor of the foot The tendon is divided through the 
original incision at the point where it passes umler the foot. It is extracted 
from its sheath through an incision higher up on the leg (Fig 117). The 
tendon is wrapped m moist gauze while a tunnel to the inner side of the 
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Fig 117 — Incisions for removal of peroneus tendon and for arthrodesis 


leg is made for it. Through the original incision on the inner side of the 
foot the tendon of the paralyzed anterior tibial is slit longitudinally over 
the mternal cuneiform. Through this slit in the tendon a trap door is 
made in the internal cuneiform to receive the transplanted peroneus 
longus. An anchor sutui e of braided silk is placed in the peroneus tendon. 
Now, through a short incision, the anterior tibial tendon is exposed just 
above the annular ligament and a sht made in its sheath; the anclior 
suture in the peroneus tendon is threaded through the eyelet ot a long 
flexible probe ami tlie tendon piffled dona the sheath o/ the anterior 
tibial and out at its insertion (Fig 118). With a heavy spear-pointed 
needle one end of the anchor suture is passed through one side of the 
groove in the cuneiform, and the otliei end is passed through the opposite 
wall. The cut end of the peroneus tendon is then pulled into the groove, 
the trap door laid over the tendon and tied down by the anchor sutures. 
Tw’o or more interrupted sutures are applied for Brmer anchorage. Thus, 
the transplanted tendon hasaninsertnminbone (Fig. 119). It is important 
that the transplanted tendon pulls m as straight a line as possible, 
pulling around an angle lessens its efficiency. Care must be used m deter- 
mining the tension of the transplanted tendon. If it is too slack some of 
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its power is lost; if under too much tension it cannot contract and it 
becomes, in time, a useless fibrous strand. 


Suture threaded thru 
eyelet of probe 


fnchor sutures- 


Incision for 
removal of 
peroneus tendon 
' and 
arthrodesis 



Peroneus tendon 


Anchor sutures 

affixed to 
- end of 
tendon 


Probe 


Fig. 118 — Manner of threading anchor suture tlirougli eyelet of probe and 
pulling the perohous tendon down the sheath of the anterior tibial and out at 
its insertion. 


Panamas , 

te/9cdan arJed ^/7a/ra/'/n^ 7 ^ 
/'y7Tfar/7a/ So^e 



Fig. 119, — The transplanted tendon. 


^hete the calf muscles are paralyzed and the peronei and anterior 
^*^1 tibial are functioning, the peronei or the posterior tibial 

be transplanted into the tendon of Achilles and the os calcis. 
® foot is held in the desired position all incisions are closed 
'j* ittfernipted sutures. The incisions are covered witli narrow gauze 
rc.5Sings moistened with alcohol. The dicssings should not overlap in 
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front of the ankle, as they produce a constriction band when the foot 
swells. Stcnle stockinette is rolled over the foot and leg and padded nith 
sterile sheet wadding. With the knee flexed, a plaster cast is applied from 
the toes to the mid-thigh. After the operation, the foot is held in an 
elevated position until it becomes painless. The cast is split over the 
dorsal surface of the foot and well up the leg; the entire dorsal surface 
of the toes is exposed so that they may be inspected often for circulatorj’ 
changes. If there is interference with circulation a strip must be cut the 
full length of the cast and the skin inspected to make sure the dressings 
are not constricting the ankle and leg 
An arthrodesis is a painful operation and the patient must have enougli 
sedation to insure rest and sleep for the first two or three days following 
the postoperative day. Immobilization in a plaster cast must bo main- 
tained for a period of twelve weeks without weight bearing. Following 
removal of the cast an elastic bandage should be worn until the circula- 
tion becomes readjusted. 
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PHALANGECTOMY FOR TOE DEFORMITIES 


Frank Glassman, M.D.,* Irving Wolin, and 

Sidney Sideman, M.D.J 


We msh to draw attention to a simple operative procedure for the 
treatment of painful disabling deformities of the toes. This operation 
has been found useful in a multiplicity of conditions including hammer 
toes, overriding toes, corns and the severely contracted toes which may 
occur in rheumatoid arthritis and in the chronic stage of poliomyelitis. 

This procedure was brought to our attention during World War II on 
examining a German prisoner of war, for whom the proximal phalanx 
had been removed for the treatment of hammer toe ; the functional and 
cosmetic result was e.xcellent. It scemctl apparent that this operation 
was preferable to the numerous procedures currently in use and that 
it could also be applied in the correction of many other deformities of 
the toes. 

In a search of the literature, the earliest mention of this procedure that 
we could find was in 1924 when EngcF recommended partial phalangoc- 
tomy for the treatment of clavus of the small too and stated that tlie 
entire proximal phalanx could be removed if it was desired to provide 
considerable space. Irothowan* in 1925 stated that proximal phalangec- 
tomy had been considered for the treatment of hallux valgus but advised 
against this procedure because it would shorten the great toe excessively ; 
but Schantz* in 1929 reported that he had been removing the proximal 
phalanx of the great toe according to AVitzel’s suggestion. Manwaring^ 
in 1930 stated: “Realizing that toes arc of little use, we do not hesitate 
to ‘bone’ some of them.” Dr, Joseph A. Freiberg* of Cincinnati, Ohio 
informs us in a personal communication that his father, Dr. Albert 
Freiberg, for many years performed proximal phalangectomy of the fifth 
toe for dorsiflexion deformity. 

The operative technic is simple. The base of the praxiraal phalanx is 
exposed and dissected out through a short dorsal longitudinal incision 
placed well proximally. The phalanx is grasped with a towel clip and 
delivered externally. The remainder of the phalanx is then stripped sub- 
penosteally and is removed. The toe assumes a natural position and is 
easily held with a simple dressing and bandage. 

. ® ^3,ve operated on twenty-one patients and ha^’e performed a total 
01 fifty-four phalangectomies varying from a single toe to eight toes at 
one operation. 


^ ® *^0 not recommend this procedure on the great toe and have not 
*n any pathological condition of the great toe. 
the following advantages of this operation are noted: (1) its simplic- 


^ sociate Orthopedic Surgeon, Michael Keese Hospital, Chicago. 
t A ? , Orthopedic Surgeon, Michael Reese Hospital, Cbieago. 
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ochool; Attending Orthopedic Surgeon, Michael Reese Hospital, Chicago. 


275 






PHALAXGECTOMT FOR TOE DEFORMITIES 


ity; (2) rapid convalescence; (3) early ambulation; (4) excellent cos- 
metic appearance, (5) relief of cutaneous piessure keratosis by removal 
of underl3’in{; bone. Finallj’, (6) correction of a deformiU' b.v j^nerous 
removal of bone results in adequate relaxation of contracted tendinous 
and ligamentous stmetures, and (7) absence of raw bony surfaces insures 
against ankjdosis of the toe. 

It has been interesting to obser\’e that these toes do not remain flail, 
and active functional control is restored earlj*. 

Tliis operation is especialh' applicable to the crippling too deformities 
of rheumatoid arthritis for Avhich the mutilating Hoffman operation was 
performed in the past with such disappointing results. \Vc have had 
three patients of this t3’pe for whom we have performed phalangectomie< 


Fig, 121 (Patient K. D.). — Scxcro arthritis dofornians, both feet, following 
phalaiigectomies (front). 

of the second to the fifth toes inclusive combined with a ICcllcr operation 
on the great too. The results have been most gratif3'ing. 

We have recent^' performed a proximal phalangectom3' for a tender 
swelling of a second toe due to a lai^c enchondroma. 

ILLUSTRATIVE CASES 

Rheumatoid Arthritis. — Figure 120, upper, shows roentgenogram of 
the left foot of a patient who had contractures of all the toes on both 
feet and was unable to walk Irecause of pain over the metatarsal heads 
and toes. Bilateral multiple plialangectomies were performed. Figure 
120, lower, shows the left foot postoperjitivel3’. This patient became 
ambiilator3' three weeks after her operation. She wears shoes and walks 
'rith little di'^comfoit. 

Figure 121 shows the cosmetic appearance of both feet following 
multiple phalangcctomics for toe contractures rc.suUing from rheumatoid 
arthritis in another patient. 

Hammer Toes. — Figure 122, upper, illustrates a second hammer f . 
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associated -with a hallux valgus. The postoperative roeutgenographic 
appearance is seen on Figure 122, ?ou!er. This operation may sometimes 
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of the fifth toes Figure 124 show-s the postoperative appearance m a 
bilateral ease. Figure 125 reveals a postoperative case in which there 
was congenital overriding of the fifth toes 

In the fifth toe, there may be some persistent flailness after phalangec- 
tomy, but this has not been sufficient to prove troublesome. 
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PEDUTRIC ORTHOPEDIC SURGERY 


Charles N. Pease, M,D., F.A.C.S.* 

The assignment of the above subject is a large one and obviously only 
a few cases can be discussed in the space allotted. The following, how- 
ever, are a few’ conditions which are not infrequent!}' seen in a children’s 
orthopedic clinic. 

SLIPPING OR DISLOCATING PATELLAE 

C. S., a girl aged 10, was admittetl to tl«e hospital in March 1943 at winch time 
tlie history disclosed that during the preceding j'car the child had fallen seveial 
times a&a lesult of a dislocation of one or both of the patellae 

There is no alternative m the management of this condition. Treat- 
ment is surgical but transference of the tibial tubercle to the medial side 
of the tibial shaft advised by Wolf, Walsham and Goldthwaite in 1904 
is ill advi.«ed because this almost always produces an arrest of giow'th of 
the tibial epiphysis. 

A description of the procedure used in this case is as follows; Through 
a medial parapatellar incision (Fig. 120), the patella, quadriceps tendon 
and patellar ligament were isolated. It was noted that fibers from the 
tensor fasciae latae wore inserted into the lateral portion of the insertion 
of the quadriceps tendon and into the lateral border of tlio patella. This 
anomalous insertion of the fascia lata may bo an underlying factor ac- 
counting for the lateral displacement of the patella (Fig. 12G). 

The fibers of the tensor fasciae latae were divided at the point of its 
insertion into the quadriceps tendon and the patella. Likewise the insor- 
of the vastus lateralis was divided. 

The quadriceps tendon, patella and patellar ligament wore isolated 
on their lateral aspects with the incision extending through the capsule 
of the knee joint. The patellar ligament was divided at its point of inser- 
rion into the tibial tubercle. A recess was made on the medial aspect of 
the shaft of the tibia by making 1-inch parallel transverse cuts a- inch 
^part through the periosteum and cortex. An osteotome was inserted 
subcortically connecting the parallel incisions thus making a slot for the 
^ception of the patellar ligament which was then passed through and 
fixed with interrupted silk sutures. 

The aponeurotic tendon of the vastus medialis w’as divided along w’itli 
le redundant medial portion of the knee joint capsule. 

The redundant capsule on the medial aspect of the knee joint which 
au been divided was imbricated using No. 00 chromic catgut. The ten- 
^ on of the vastus medialis W'as sutured to the medial aspect of the 
patella and to the medial collateral patellar ligament with interrupted 

Prom The Children’s Memorial Hospital, Chicago 
Associate Attending Orthopedic Surgeon, Children’s Memorial Hospital 
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silk sutures (Fig. 127). FoUoumB skin closure, along kg cast was applied 
which was removed at the end of ftnir n-eeks 
A most satisfactory result was obtained in establishing stability at the 
knee joints (Fig 128) 



Fig 12G — Drawing showing lateral tlisplaccroent of p.»tPJ!a with insertifin of 
fibers of tensor fsscia iata into its lateral Iiorder 

Fig 127 — All structures on lateral aspect of quatlnceps tendon, patella and 
patellar hgamenl are divided Patellar tendon transplanted to medial aspect of 
shaft of tifaia Kedundant soft tissues on medial aspect of fcnec divided and re- 
spective laj era imbricated 

SOLITARV BONE CVSXS 

This case is one m which localiied c>’stk disease of bone can he quite 
definitely traced to acute infection. 

D. Me., a 6 year old boj*, was seen in March 193". Four years previously this 
child had suffered from an acute abscess on the lateral a'spect of the lower end o! 
the right thigh just above the knee joint. Incision and drainage was accomplbhra 
by a local surgeon but no cultures were made of the material. /liter tlircemoaths 
of drainage complete he.aling took jdaee About eighteen months later there was 
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a recurrence of the abscess at the same site winch drained for six weeks before 
iieaVmg. X-ray films were then made for the first time and the diagnosis ^Yas 
made of “tuberculosis of the bone.'* The leg was placed in a series of casts over a 
two-year period. 

Examination on admis-'^ion revealed no swelling or areas of tencleincss in the 
right thigh or about the knee joint. lIonex*er, there was atropliy of the riglit lower 



T 



^I'^teral dislocation of 
i-oa^Mostoperative correction, January 1044 

' iiK-li I™'imartoSdi,(ri£oS Itirawed 1 by 2 inches, located about 
St er,,t,c. Exten.hng Irom ll!eS. 2 ,T *0 cyst were 

column o! dccrraswl density with wms a } inch wide 

■ by 
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in a cast for two years, note the overgrowth due to foreign body reaction of the 
contents of the cyst (Fig 129, lejl) 

This boy was operated upon, a lateral incision being made over the 
site of the pathologic involvement ^VTien the cortex of the femur was 
removed and the cj’st exposed there appeared an encapsulated mass of 
yellow fibrous-fatty appearing tissue which was gelatinous in character. 
This material was removed, the iralls of the cyst were freshened and 
chips taken from adjacent bone M’ere packed into the cavity which re- 
sulted in complete obliteration of the cystic area (Fig. 129, nght). 



Pig. 129 — Left, Anteroposterior view of both femurs March 1937 Arrow shows 
rarefied column extending from epipb}'«eal plate to cyat Note overgrowth of 
right femur Right, Anteroposterior and lateral views of right femur January 1939 
showing obliteration of cystic area by bone obtained locally 

Routine smears and cultures made from the specimen showed no 
growth for all organisms including the tubercle bacillus Guinea pig in- 
oculation also was negative. Sections of the contents of the cyst revealed 
no further infonnation other than that which is seen in any chronic 
nonspecific localized infection. 

This, no doubt, is a case of bone cyst resulting from localized infection 
originating in the epiphyseal cartilage of the femur which has “burned 
itself out.” 


ic'iiuns . 1 / f 

The only treatment he received was protection of the right arm in sling for ten 
da>-s. 
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X-iay films made three years latei ie\*ealetl a complete efTacemcnt of the 
cystic area (Fig. 130, right). Note tl« growth of this area away from the cinphy- 
seal plate and the overgrowth of the hiimems 

Operation on this boy when first seen miglit have resulted disastrously 
since the cyst was adjacent to the epiphyseal plate and any surgical 
interference might have caused arrested growth. 



.-1 



Fis 130 (Patient JI. C.).— Fracture through solitary cyst of upper e 
right humerus in a boy of 4 years. Right, Three years later sliowing complete e 
ment of cystic area without any surgical interference 


PYOGENIC EPIPHYSITIS 

R. M. K,, female, Wans first seen on March 22, 193S at the age of 4 weeks. Tli*' 
mother stated that when the child was 9 days old the left leg and knee joint wei o 
swollen and the leg held in position of flexion. About a week later the swelling 
became greater and a point of drainage appeared on the lateral side of the knee 
Pus drained for ten days after which the swelling subsided. 

This child has a complete range of motion at the left knee joint. The scries of 
x-ray films shown are interesting as in very’ young children we have no reliable 
means to determine the extent of destruction of the epiphysis. The lateral con- 
dyle was retarded while the medial was stimulated in growth which produced a 
knock-knee (Fig. 131, /c/0. 

A supracondylar osteotomy was performed at the age of 4 to correct 
deformity of the left knee. 

Note the gradual ossification of the lateral condyle of the femur w hich 
in the early films seemed to have been completely destroyed (Fig. 131, 
right). 


OSTEOMYELITIS 

Knee the introduction of antibiotics osteomyelitis has been almost 
cfirapletely a medical problem. The pediatrician who often is the first 
to see a case of osteomyelitis in its very* early stage* usually’ administer* 
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penicillin, sulfa drugs or both and in almost all cases no surgical inter- 
vention IS necessary. The following case report illustrates this point 
very well 

H W , a boy aged 10, wag admitted to the hospital December 20, 1945 One 
week prior to admission the child experienced pam, redness and swelling of the 
lower right leg with an oral temperature of 104*^. Penicillm and sulfathiazole 
had been administered by the fao^y physician 

A consulting surgeon who saw this child recommended mcision and drainage 
of a fluctuant area which formed over the lower third of the tibia The attending 
physician then asked me to take over treatment of this boy 



Examination levealed redness and swelling of the lower half of the right leg 
There was a fluctuant area over the antenor surface of the tibia m its lower third 
Rectal temperature was lOl^F , white blood corpuscle count was 13,700 with 69 
per cent polymorphonuclears, 28 per cent lymphocytes and 3 per cent mono- 
nuclears 

X-ray films made of the right leg m multiple planes showed no evidence of 
pathologic change 

Sulfathiazole and sodium bicarbonate, 15 grams each, were given 
along with the administration of penicillm, 50,000 units, every three 
hours Temperature became normal after two days. When the patient 
became nauseated and vomited on the seventh day after admission the 
sulfathiazole was discontinued. PenidUm, however, was continued until 
the discharge date, January 14, 1W6 
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The fluctuant area had diminished greatly but there was still enough 
fluid that it could be aspirated for examination. 

The aspirated material Yvas clear serosanguineous fluid. Cultures 
made from it revealed no bacterial growth. 

Note new bone formation along the sliaft of the tibia on films made 
January 8, 1940, four weeks after onset (Fig. 132, left). 


Fig. 132 (Patient H. W,). — Left, Aiileroposterior and lateral .v-rays of right leg 
three weeks after onset. Note demineralisation of lower end of tibia and peri- 

j_ . ft., r r. . tf t » e,irs later. 

>ared with 
distances 

trom articular surface than on left. 

Examination in June 1948 revealed a | inch increase in length of tiic 
right lower extremity. X-ray films made in June 1948 of both legs in 
anteroposterior position reveal no defect in the bone but an increase in 
size of the bone both longitudinally and transversely. Note the greater 
distance of the transverse line of arrested growth from the epiphyseal 
plate on the right side compared with the left (Fig. 132 right). 


SLIPPED FEMORAL EPIPHYSIS 

orthopedic surgeon is often perplexed by the number of cases of 
slipped^ femoral epiphysis that go along undiagnosed and untreated until 
serious complications result. The following report is typical of many of 
the cases that we encounter. 

. . ^ sirl aged 11 and obese, was first seen in June 1947 at wWch time the 

s orj obtained revealed that complaint of pain in right groin and knee had 
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been present foi eighteen months and within the past four montlis she had gieat 
difRciiity m walking Her condition had been diagnosed as inguinal hernia, rheu- 
niiitism of the knee and even psychoneurosis 

An e\amuiation revealed this cluld walking with a protective hopping gait 
healing only s-Iight weight on the toes of tlie ngiit foot for baLmce. There was a 

nt. There 


133, left). 



Fig 133 (Patient J T ) —t/pjwr. Slipped femoral epiphysis right hip in a girl 
of 11 Lower, One year postoperative 


Through a Smuh-Pelen>en incision the hip joint was approached hv 
separation between the planes of the rcclus femons and tensor fa'-oia 
feinoris muscles, and a cuneiform osteotomy was performed at the 
proximal end of the neck of the femur The capital epiphysis was 
freslicncd witli a curette, the dislocafion reduccri and a Smith-Peterscn 
nail inserted to maintain the position. 

Postoperative cure consisted of skin traction for three weeks Then 
the patient was allowed to be ambulatory’ with crutches but no weight 
bearing on the right side for a i>enod of ten weeks From this period on 
she was allowed to bear weight with crutches for four weeks at which 
time she w as given a cane wliich she used about ten days 

iMost recent evaminatjon nu'ealpd normal abduction, adduction, in- 
ternal and external rotation and flexion is limited only 15 degrees Her 
gait is normal. 

X-ray film showed replacement of the epiphysis fixe<l with a Smith- 
petersen nail. The head of the femur is \dable (Fig. 133, ngH) 
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LEGG-PERTHES DISEASE 

F. S., a boy uged 6 yciiis, was first seen in August 1942 at which tune In'- 
mother stated he has been walking with a limp on the right side. 

Examination revealed limitation of motion in all directions at the light hip 
loint due to involuntary muscle spasm Theie was only a slight amount of 
atrophy of the right thigh. 

X-ray films revealed tJT>icaI finding of Legg-PeIthe^ di-ease with the aseptic 
necrosis and flattening of the capital epiphysis ivith a bioadening of tlie lemoial 
neck (Fig 134, kjt). 



Fig, 134 (Patient F. S.) — Left, Legg'Perthes disease of right hip in a boy aged 
6 Right, Six years later. Satisfactoryresult obtained with full weight bearing al- 
lowed during this time. 


The mother was told to restrict the patient’s activities as long as he 
had pain — that he should be put to bed when the pain became severe. 
However, this child insisted upon carrying out his usual routine as going 
to school and playing with the “kids” after school. At no time was he 
in bed for the disabilitj' nor did he wear a brace or cast. 

When the boy was examined June 21, 1948 his gait was normal. ?*Io- 
tion at the right hip joint was limited in motion only 15 degrees in in- 
ternal rotation. Motion in all other planes was normal. 

X-ray films made on March 15, 1948 revealed a complete regeneration 
of the head of the right femur although it is larger than the left (Fig. 
134, u'ght). 


PRONATED FEET 

cannot go into a full disscussion on this subject but I have never 
become too much concerned with children’s feet as long as the calf mu.'' 
of sufficient length and the tread of the shoe revealed more wear on the 
outer half of the heel and sole. 

foot is fle.xible and asymptomatic but wear occurs mostly on 
he inner half of the heel and sole, a rigid shank shoe with an elevation 
on the inner borders usually suffices. 

} observation steel plates or felt pads inserted into shoes have 

<ad little influence on correction of pronated feet in children. Among 
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Other objections is that a shoe larger than is required for good fitting i? 
necessary to accommodate these devices. 

Exercises to invert the foot and flex the forefoot have not been success- 
ful in correction of pronated feet because in order to de%'eIop muscles to 
accomplish a satisfactory result many hours of the day must be devoted 
to this form of treatment. I have never met a child who would spend 



Fig 135 (Patient J. D ). — Vjiper, Weight-bearing film of foot in a girl aged 9 
Lou-er, Weight-bearing film four montba following scaphoid-cuneiform arthrodesis 


most of his play time exercising his feet and I can’t blame him much for 
his attitude. 

Sight must not be lost that with everj' step a child makes he is exer- 
cising his feet and if he has the proper foot gear I do not think that there 
is much to worry about. 

However, if a child has painful pronated feet in which all cauess 
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of pain other than the pronation are excluded an operative prx'ceviure 
definitely indicated to alleviate the disability. 

J. D.,a?ed 9, was admitted to the hospital in Xo\‘eml'er U'Jv> with the Iii'to-' 
that she could walk only a few blocks when her feet became ^o painful fho w 
forced to sit down. 

There was no evidence of disease generally or locally to account for the vwtv 
jilaint of painful feet. The calf groups were of sufficient length. The ftvt pn.nu\tt\i 
markedly on weight bearing (Fig. 135. upper). 

A scaphoid-cuneiform arthrodesis wtis performed on Xovemlvr 5. 
1935 following which casts were applied with tlie feet held in po?ilion 
of cams and varus. The casts wore removed after eight wet'ks. 



Tig. 136 (Patient E. H.). — 4, rudimentary left limb with co\m vara duo to in- 
complete development of femoral neck. li. Correction of coxa vnrit b^' suhtro- 
enanteric osteotomy. 


X-ray films made with the patient on her feet four months after oper- 
ation revealed an excellent restoration of tlie normal longitudinal and 
transverse arches (Fig. 135, lower). 

AMPUTATION OF THE LEG 

Children adapt themselves very quickly and very' well to prosthesis 
n long before reaching adult life they are most proficient in handling 
lemselyes. However, recommendation of amputation for congenital 
ch'n^T often is met by objections from the parents or the 

* • It IS hero the inestimable value of the medical social service worker 
^ Prominent factor in cooperating with the orthopedic surgeon 
nr 1 1 patient and the parents ihrougli cinolional and social 

P 0 oms which arise prior to and following the tiinpiilnl ion. 

'V'lf iway be performed an wmhi fin jlio child (’lui luihiriec hirn- 

the upright position but it Is mlvNlilo In uiiH ntilil (mining has 





Fig 137 (Patient E H> — Upper, Followini? knee fusion and amputation of 
foot Lnu'er, Self-rptaitung trantion applmd to atump immediately following 
amputation 

been accomplished to avoid boiling of the prosthesis However, conditions 
are not always optimum for early amputation. Amputations are not in- 
frequently indicated in anomalous lotver extremities as is demonstrated 
in the following case. 
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E. H., was first seen at the age of 2 years with incomplete ossification of the 
neck of the femur and coxa vara, rudiraentar}' left femur, tibia and foot with an 
absence of the fibula (Fig. 136, A). 

Before amputation could be considered further ossification of the femoral neck 
was necessary so that the coxa vara could be corrected. Also, because of the short 
femur and tibia further growth was also necessary before a fusion at the knee 
could be performed to provide a stump that would be adequate to receive the 
prosthesis. The coxa vara was corrected by osteotomy at the age of 7 (Fig 136, 
B ) . The fusion of the knee was performed at the age of 1 1 , followed in seven weeks 
by amputation at the lowermost portion of the tibia (Fig. 137, upper). Self- 
retaining traction w’as applied immediately following the amputation. 

X-ray film and photograph made three years later shows the relative length of 
the stump (Fig. 137, lower). 

Fitted with a suction socket limb this boy gets around exceptionally 
well. 

FRACTURES 

In our teaching wo should emphasize that all fractures in children 
should be treated by the closed method with occasional exceptions. We 
are now experiencing a w’ave of open reductions in fractures of long bones 
in adults, and questioning the advisability of such treatment as a more 
or less routine measure is not for discussion here but unfortunately there 
are many w’ho apply this method of treatment to children. 

The growth factor plus Wolff's law do much to correct some severe 
malunions in children. Everyone treating fractures of children should 
by all means read the publications on this subject by Blount. 

Fracture of Femur: 

T. p., aged 10, sustained a simple fractuie of tlie middle third of the left 
femur in llay 1945. He was taken to a hospital where an open reduction was per- 
formed and the fragments fastened with a steel plate and screw’s He developed 

•''faction and drained pus until the plate was removed in February of 1946. 

This child was admitted to the Childten’s Memoiial Hospital in June of 1946 
at W’hich time the wound was hesiled but he had a marked outbowing and poste- 
rmr angulation deformities. There was a broken drill point imbedded in the bone 
(Fig. 138 upper). 

Operation was performed in which the drill point was leraoved and an os- 
teotomy perfoimed to correct the deformity (Fig. 13S, lower). 

It can be said that fractures of the femur in children should never 
require any operative interference for reduction. Adequate traction 
s ould be applied and as long as alignment is satisfactory in both antero- 
posterior and lateral planes un excellent result can be expected. If as 
much as 1 inch overriding occurs, oveigrow'th of the femur will, as a result 
o stimulation due to incieased vascularity, compensate for the shorten- 
mg. Fractures of the femur which are reduced with end-to-end apposition 
o on result in an overgrowth of the extremity. I might say that maxi- 
mum reduction must be obtained with the first week ns calcium salts 
arc laid down very early (Fig. 139, upper). 
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Fig. 138 (Patient T P-) — Upper, Deformity of femur foJJow'ing open reduction 
and later removal of plate in s boy aged 10 I'fotc broken drill point m abaft of 
bone. lower, Tno yoara after removal of fragment of drill and correction of de- 
formity by oateotomy 

The perfect result in a case of qaametrical fracture in a child mth 
1 inch overriding is demonstrated in tiie follotving case : 

V. C., aged 7, was first seen on June 14, 1944, with fractures of both femurs m 
their middle thirds Overhead traction with S pounds of sJem traction was ap- 
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plied for a period of five weeks, at which time there was enough callus formation 
that he could be placed in a double spica cast. 

The cast was removed six weeks ^ter it was applied. 

X-ray films made four years later showed the perfect alignment which can be 
expected on any case treated similarly (Ffe. 139, lower). 



ig. 139 (Patient V. C.). — Upper^ Film shows overriding and early callus for- 
a ion at the end of two weeks in a boy of 7. Lotcer, Anteroposterior and lateral 
leu-a shows perfect anatomical restoration of both femurs. 

Fracture of Radius and Ulna: 

^ ?Sed 5 years, sustained fractures of the right radius and ulna in 
eir middle thirds in June 1945. Fragments liad been reduced, but not com- 
Pletcly four weeks previously (Fig. HO, upper). 

* ° treatment was presenbed at that time but two weeks later the cast was 
removed mi the child allowed to use the anu. 
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Fig 138 (Patipnt T P) — I/pper, Deformity of femur following open reduction 
and later removal of plate in a boy aged 10 Note broken drill point in shaft of 
bone Lotfcr, Two years after removal of fragment of drill and correction of de- 
formity by osteotomy 

The perfect result in a case of symmetrical fracture in a child with 
1 inch overriding is demonstrated in the following case : 

V. C , aged 7, as first seen on June 14, 1944, with fractures of both femurs in 
their middle thirds. Overhead traction with 8 pounds of skin traction was ap- 


Fii; 141 (Patient A D ) —I'^pper, Cubitus valgus rcauHing from supracoiidjlai 
fracture of the humerus in a boy of 4 years. Loicer, Follows ing osteotomy — spica 
cast applied (a) and x-raj’ film (6). 

cuneiform .osteotomy in the supracondylar region as is demonstrated 
in the following "case: 
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applications. No x-ray films were made. The child had limped ever since but in 
the last month she complained of pain in the left knee joint. 

Examination revealed that motion of the leg at the knee joint was complete 
to flexion but extension was limited 15 d^rees 

X-ray films showed a triangular block of bone at the site of the tibial spine 
which was best xnsualized on the lateral \iew with the leg flexed at right angles. 

Through a medial transverse infrapatellar incision, the knee joint was 
exposed and the factor causing the block shown in the x-ray film consisted 
of new bone formation at the site of the intercondylar eminence to which 
was attached the anterior cruciate ligament. The triangular piece of 
bone was resected with an osteotome. The anterior cruciate ligament 
was fixed to the site of the intercondylar eminence with a No. 0 chromic 
mattress suture by passing a bone-cutting needle through the raw bone 
.surface. A long leg cast was applied which was removed at the end of 
four weeks. 



L- Fracture of tibia! spine — film made six months after trauma *'> 

•nee B, Film made three years aftei removal of displaced tibial spine. 


Full range of motion at the knee joint returned with normal use throe 
months postoperatively. 

N-ray films made tw’o and a half years later revealed a normal appear- 
ing knee joint (Fig. 143, A and B). 
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FOREWORD 

This symposium on abdominal surgery is an attempt to put down the 
present state of our knowledge of some aspects of this vast field. 

It is difficult to arrest the rapidly moving picture of surgical progress 
into such a still projection. Tlie unfolding of tlic story during the past 
many laborious years is not portrayed and tlic directions into which 
the picture is moving can scarcely be indicated. Indeed, only fragments 
of one frame of the film can be prescnle<l. 

It is obvious that the application of basic new concepts has accel- 
erated the extension of surgery into broader fields; new antibacterial 
agents have changed the course and picture of surgical infections; and 
physiolog}' and biochemistry are closer to clinical surgery. Herein arc 
presented views on newer diagnostic measures, new technical procedures, 
apjilications of recent physiological and biochemical information, and 
the most up-to-date tlioughl on the treatment of infections. Some 
principle.s recorded have been established on the basis of information 
hitherto unpublished. 

Evidences of the dynamic state of our knowledge may be gathered 
from the fact that there is not complete agreement on all points amongst 
the contributors. This is healthy. Until sufficient knowledge is available 
to make all surgery unneccssarj', complete agreement would be close to 
conipl.accncy. 

Some of the contributions are re-stalcments of knowledge already 
gained and long used as jiart of a surgeon’s equipment. This, too, is 
healthy. A survey of all accepted tradition in the light of each new step 
into the darkness is p.art of progress. 

Grateful acknowledgement is extended to the contributors for tlieir 
cooperation in creating this symposium. 

John- II. Muuioll.a.n'd, M.D., 

Consulting Editor 
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THE MANAGEMENT OF SMALL BOWEL OBSTRUCTION 
W. Ross McCarty, M.D., F.A.C.S * 

Intestinal obstruction has always been a major problem on surgical 
services. Because of the frequency of abdominal wounds during the war 
and the large number of young men who have recovered from operation 
and injury, this condition may be seen more often in the future. 

The approach to the problem should be physiological as well as surgi- 
cal. Small bowel obstructions can be classified simply as external and 
internal. These two groups may be further subdivided into those in 
which the diagnosis has been established early and physiological changes 
are minimal, and those in which the diagnosis has been delayed and the 
distention and electrolyte imbalance are marked. 

External obstructions arc those in which the intra-abdominal con- 
tents, usually omentum and small intestine, protrude through congeni- 
tal or acquired defects of Uie abdominal wall and become irreducible. 
Ventral, inguinal and femoral hernias compose most of this group, and 
as such arc easily recognized not only by the physician but by the 
patient. 

Internal obstructions, as the term implies, are those obstructions of 
small bowel occurring within the abdomen secondary to congenital 
malrotations, defects or bauds; adhesions; internal hernias; volvuli; 
intrinsic lesions of the small Intestine, such as benign tumors, neoplasms, 
gallstones, or other foreign bodies. 

DIAGNOSIS 

The early diagnosis of external incarcerated hernias can be made 
readily. In most instances there has been a hernia present for some time, 
and any change is appreciated by the patient and the physician. A 
reducible hernia in which obstruction occurs usually becomes irreducible, 
firm and painful; an irreducible hernia pre^dously soft and asympto- 
matic maj' also become firm and painful. Accompanying Ibesc local 
findings there is an increase in the pulse rate, elevation of temperature, 
abdominal discomfort, anorexia and vomiting. These generalized signs 
and sjTnptoms increase as the time clement increases, until a full-blown 
picture of acute intestinal obstruction is present. Leukocytosis may be 

... . Professor of Surgery, New York University G)llege of Sledicinc; Associate 

isiting Surgeon, Third Surgical (New York University) Division, Bellevue Hospital, 
^ew York City. 
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an indication of change in the iKwel wall secondarj- to an embarrassc<l 
blood supply. 

The early diagnosis of internal obstruction involving the small in- 
intesline is more difRcult. The inception may occur as the classical 
picture: intermittent peristaltic pain increasing in fref|ucncy and se- 
venty, and associate<l with vomiting. Many of these patients have 
previously been subjected to alxlominal surgerj’. These signs and symp- 
toms together with a roentgenogram of the abdomen showing dilated 
loops of small intestine with or without fluid levels, make an early diag- 
nosis comparatively simple. 

The possibility of intestinal obstruction must he borne in min»l in all 
cases of ill-defined abdominal pain, whether intermittent or constant, 
especially where previous abdominal surgerj' has been performed. Fre- 
quently, vague intermittent alMlominal pam is disregarded by the pa- 
tient and misinterpreted by the phj'sician as being of little significance. 
The presence of hov,-el sounds or the bistorj' of bowel movements should 
never be taken as an indication that obstruction is not present The 
importance of early symptoms may not lie reabred fully until distention, 
vomiting or even peritonitis develops. Here again early roentgcnographic 
studies of the abdomen siith the patient in prone, upright and lateral 
decubitus positions is of extreme importance Dilated loops nitli fluid 
levels are diagnostic 

Severe abdominal pam and shock fre<|«enlly accompany the onset of 
a sudden vol\uIus or internal hemiattun. Many of these patients are 
cxpIorc<l for an undiagnosed acute abdominal cataslroplie and only at 
operation is the true cause ascortainc<l. However, some patients fol- 
lowing the Olivet of severe alnlominal pain are comparatively free of 
symptoms and phj’sical sign.s later when admitted to the hospiUil. If 
the p.aticnt is placed under surgical observation, and the cause of the 
abdominal pain was due to a voh'ulus or internal herniation, the tnic 
nature of the syndrome would not he appreciated until the abdominal 
pain had recurred or distention and vomiting appcarctl. A flat x-raj’ 
film of the abdomen of these patients taken soon after admission usually 
reveals a hairpia or hone^hoe tJTW ^Uialat'ion of a closet) loop ol 
obstructed intestine. Check films will show this dilated loop to he con- 
sistently present but occasionally shifting to various parts of the ab- 
dominal cavity. These findings arc indicative of a closed loop obstruc- 
tion sccondaty to a volvulus or internal herniation (Fig. 144 and 145). 

The diagnosis of late intestinal obstruction can be readily made. The 
clinical picture of marked distention, vomiting and dehydration is well 
knoa-n. The x-ray studies of the abdomen reveal the typical distemlcd 
loops of small intestine with multiple fluid levels (Fig. 146). 

Paralytic ileus secondary to surgical manipulation, or reflex, usually 
shows on x-ray a uniform distention of both small and large bowel. 
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EARLY INTESTINAL OUSTBUCTION 

Tile management of eariy and late inlestmal obstruction will be 
scribed separately. 

There is general agreement that patients with early intestinal ob- 
.stniction admitted to the hospiLal free of distenfmn and in electrolyte 
balance should be operated upon inimc<ii3tcly 

It seems logical that an indvrclliog intestinal tube should be passetl 
on all patients, whether early or late. Many early cases with histories 
of recurrent attacks of intestinal obstruction have been relieved pre- 
%’iously by intubation; patients presenting the possibilities of multiple 
adhesions, or those in whom there is partial obstruction aggravated 
by torsion or angulation may be completely relieved by means of the 
lube. Surgeiy can be avoided in many of these cases. 

The frequently reported difficulty in passing the intestinal tube often 
arises from the relegation of this important task to an inexperienced or 
untrained individual. Most o! the failures can be corrected by having 
trained personnel manage the initial and sul>^equent course of intuba- 
tion. 

It is not sufficient merely to pass the lube successfully and then ex- 
pect the tube together with suction apparatus to overcome all obstruc- 
tions by some ma^c formula In properly roanaged cases distcnlion and 
excessive intestinal contents of Ibe small intestine proxitval to the block- 
age will be relieved, and normal intestinal tone and peristalsis restored 
The progress of the lube and relative position of the tip must be followed 
closely by repeated prone or upright x-ray studies taken every six to 
eight hours. In certain cases the tip will be observed to be approximately 
in the same position on succeeding x-ray plates with an increasing length 
of tube in the intestines. These findings represent the stopp-age of the 
lube at the point of obstruction and with the feeding of the tube into 
the nostril of the patient an increasing length whips b.ack and forth in 
the intestines (Figs 147 and 148). Tlie term “whipping of the tube” 
has been coined for this condition. Failure to note this fact in the earlier 
studies of intestinal obstruction has resulted in unnocessaiy delay in 
surgical intciwcntion. 

This danger signal should not be overlooked. Confirmation of complete 
or almost complete block can be obtained by the introduction, without 
pressure, of a small amount of dilute solution of banum into the aspirat- 
ing side of the intestinal tube. If a block is present the barium will be 
observed on the fluoroscopic screen to strike the impasse and flow 
upward along the tube (Fig. 149). 

Lack of gaseous distention beyond this point is taken as an indication 
of a simple mechanical block. Iluoroscopic or x-ray evidence of a dis- 
tended liairpin loop, or a distended long loop beyond the stoppage of 
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Fig. 147 Fig. 148 

Figs, 147 and 148.— Illustrating “whipping of the lube ” In Figure 147, the end of the 
tube has reached the site of obstruction. In Figure 148 the position of the end of the tube is 
unchanged but further tubing fed through the nose has coiled or “whipped” in the small 
intestine 



Fig. 140. Illustrating the locahz.'ition of the obstructed site, in this case a large gallstone, 
by the instillation of thin barium mixture into the intestinal tube. 
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bamtJJi, is indicative of a closed loop type of obstruction. Armed with 
these facts the surgeon knows exactly what type and where the obstruc- 
tion is located. 3n the first t^’pe the release of a simple mechanical block 
will usually relieve the obstruction and in the second type surgery is 
facilitated by the fact that the iotestine above and below the obstructed 
loop is collapsed, and collapse of the obstructed loop can be readily 
managed at operation by the use of an aspirating s^Tinge or suction 
catheter 

To repeat, early cases, in the absence of distention and electrolyte 
imbalance, are best opcraletl upon soon. ^\Tien patients are managed by 
the intubation method, supportive treatment must be adequately super- 
vised 


LATE INTESTINAL OBSTRUCTION 

When one is confronted with ihe problem of m.anagemcnt of a patient 
in the fate stages of obalmction, the philosophy of immediate surgical 
mtcn’cntion does not apply. The mortality following immediate opera- 
tion in this group is prohibitive, not becau*>e of the obstmetion per sc, 
but because of the superimpa'seil derangement in fluid ami electrolytes 
wideh at this point is the most lethal factor. 

This deduction was the result of sct'cra! observations: 

1. The hopeless task of a surgeon trying to battle a mass of distended 
coils of small intestine in an attempt to relieve obstruction or close the 
abdomen. 

S. The successful management by llie intubation method of a large 
number of acute small bowel obstructions in soldiers with sei'ere ab- 
dominal wounds where further siirgcrj' at the time would have resulted 
in increased mortality rale. 

3. A ten year survey was made of the cases of intestinal obstruction 
atlmitted to the Third Surreal (New Vork University) Division of 
Bclle'aic Hospital, New York, between the years of 1935 and 1916 
In this series of small bowel obstruction from all causes there were: 

U7ca»es 54 deaths mortality of SG. 7 per cent 

A si.x year breakdown showed that from 1935 to 19-10 tliere were’ 

65 cases 29 deaths morlalily of 14.6 per cent 

From 1911 to 1916 there were; 

82 cases 85 deaths mortality of 30 ,4 per cent 

Further analysis of those admitted seventy-two hours or more from 
onset of symptoms showed the following; 
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From 1935 to 1940 there were: 

35 cases . C3 operated upon .15 deaths .mortality 60 per cent 

From 1940 to 1945 there were: 

33 cases. 33 operated upon 18 deaths mortality 51 A per cent 

Therefore in this latter group there w'ere: 

60 cases.. .55 operations . . 33 deaths mortality 55 per cent 

CL. HCT. P.P. QP. 

120 45 9.2 
110 43 8.4 
100 41 7.6 
90 39 6.8 
80 37 6.0 
70 35 5.2 

Fig. 150 — Graph illustrating relalive values of blood chlorides, hematocrit and plasma 
proteins when first seen .and on subsequent days of preparation for operation 

Theae observations and .sttuly caused a change in the policy of hand- 
ling cases seen late in tJie course of intestinal obstruction on the Third 
Surgical (New York University) Division, Belle\’ue Hospital. 

Since 194G an organized ^’slcm was instituted to insure wlicn possible 
that all patients with late intestinal obstruction be relieved of disten- 
tion, and that fluid and electrolytes be brought into balance prior to 
operation. 

A iniinoographed copy of detailed instructions in tlie management of 
such cases was issued to each member of the resident staff. 

From 1940 to 1947 there have been seventeen cases of late small bowel 
obstniclion coming to surreal care seventy-two hours or more after 
onset. In tins scries there were Uiirtccn operations with four operative 
deaths. There was al^o one nonoperalive death in a patient admitted in 
extremis. 
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Tlie relief of clislcnlion and the adequate correction of fluid and elec- 
trolyte balance required a prolonged preoperative period in most of 
these eases 

Herewith is an abstract of the history of one of the fatal cases: 

An 85 year old woman was admitted with signs and symptoms of acute in- 
testinal obstruction preceded by right upper quadrant pain. X-ra3's rei'calcd 
gallstones Ij’ing nithin the abdominal cavity wbidi on subsequent examinattons 
were shown to be within the intestinal tract. The management wai complicated 
by irrationality, incontinence, and the fact that the Miller-Abbott tube was 
removed by the patient on three different occasions in the earJj' stages of treat- 
ment. Finally the patient was decompressed, electroljte balance was attained 
and the site of obstruction was localized (Pig 150) 

At operation, the stone was located easily ami removed by a simple longi- 
tudinal incision in the terminal tkum The proximal intestine was only shghtlj* 
edematous showing tliat decompression had been adequate There was no 
evidence of embarrassed blood supply. Tlie patient was out of bed on the sec- 
ond postoperolive daj’ Signs of cerebral vascular accident developed and death 
occurred four days postopwratively. This death was due to complications of the 
obstruction, the operation, and the patient's general condition The obstruction 
itself was relieved 


suMMAny 

The number of cases of late (seventy-two hours or more) small bowel 
obstruction treated in this manner are too few to compare wth the 
larger scries in which operative procedures were performed before the 
distention was relieved or fluid and electrolyte imbalance corrected 
But it would appear even in this small wries of seventeen cases that 
careful preoperative preparation has lowered the mortality rale in this 
distressing condition. 

1. Tie classification of estemal and internal obstruction of small 
Inlestme has been outlined. 

2. The JDanageroent of early and late cases of intestinal obstruction 
has been reviewed. 

3. The importance of x-xsy observation of the progress of the tube 
and localization of the obstructive site has been emphasized. 

4. Attention has been drawn to the early diagnosis of acute volvulus 
and internal liemiation. 

5. A statistical study of the cases of amall bowel obstruction admitted 
to the Third Surgical (New York University) Division, Bellesaie Hos- 
pital, with the mortality rate b analyzed. 

6. The advisability of early operation in acute intestinal obstruction 
when the patient is free of dblention and in electrolyte balance is 
affirmed. 
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7. The high mortality rate in patients admitted seventy*two hours or 
more after the onset of obstructed qmiptoms is noted. 

8. The importance of restoration of electrolyte balance and relief 
from distention prior to surgical interference in late cases of intestinal 
obstruction is discussed. 
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THE MANAGEMENT OF iMASSIVE HEMORRHAGE FROM THE 
GASTROINTESTINAL TRACT NOT DUE TO 
PEPTIC ULCER 

J. William IIintox, M.D., F.A.C.S.* and Donald A. Davis, il.D.f 

According to statistics compiled in different parts of the country, 
the incidence of massive gastrointestinal bleeding not due to gastric, 
duodenal, or gastrojejnnal ulcer is between 25 and 45 per cent of all 
cases of massive hemorrhage from the gastrointestinal tract. The largest 
series reported is that of Allen,* who found that in a total of 2031 cases, 
38 per cent were of this tj^pe. 

Considerable confusion exists even among surgeons as to what con- 
stitutes massive gastrointestinal hemorrhage, and between internists 
and surgeons there is even greater differenee of opinion. In tliis presenta- 
tion, we are referring to patients who present tlie characteristic signs of 
shock: a blood pressure imder 100, rapid pulse, perspiration, a blood 
count of two and one-halt million or under, and with a hemoglobin of 
50 per cent or under. 

In patients over 45 years of age, esophageal varices constitute the 
most common cause of massive hemorrhage not due to ulcer. In making 
this diagnosis, the histoiy is by far the most important factor, particu- 
larly if the patient has been an alcohol addict. The physical oxamina- 
lion will frequently reveal an enlargement of the liver. An esophagos- 
copy following restoration of the patient’s blood volume by repeated 
transfusions will confirm Uiis diagnosis. 

If the esophagoscopy reveals a definite point of bleeding, the use of 
oxj-cel will produce gratifying results in some cases. As an elective 
procedure, riiemister* Las resected the lower end of the esophagus 
containing varicosities by a transthoracic approach. In the majority 
of cases of this tj’pe the patient will respond to conservative manage- 
ment, and by correct dielarj' habits and discontinuance of alcohol in 
excessive amounts, a recurrence of a massive hemorrhage may be pre- 
vented for a period of years. 

The following case illustrates the diagnostic difficulty in tins tj-pe of 
massive hemorrhage. 


• Professor of Surgery and Chairtnan, Department of Surgery, Post-Graduate Medical 
School, New York L'niversily; Director of Surgery, New York Post-Graduate Hospital, 
New York City. 

t Instructor in Surgerj’, New York University-Bellevue Medical Center; Assistant 
tisiting Surgeon (Fourth Surgical Division), Bellevue Hospital; Assistant Attending 
Surgeon, New York Post-Graduate Hospital, New York City. . 
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A man, 59 years of age, was admitted to New York Post-Graduate Hospital 
on Jlay 1C, 1945 with a history of hematemesis and melena for five days, ac- 
companied by severe abdominal pam. Li January 1945 gastrointestinal x-rays 
had revealed a duodenal ulcer. At that time the patient was having severe 
epigastric pam and hematemesis For the past four months he had been follow- 
ing an ulcer regimen 

On admission the red blood cell count was 2,000,000 and the hemoglobin 24 
per cent. Although a transfusion was started shortly after admission, the pa- 
tient died six hours after admission Autopsy revealed cirrhosis of the liver with 
esophageal varices and hemorrhage into the gastrointestinal tract without any 
evidence of a duodenal ulcer. 

Peptic ulcers of the lower end of the esophagus are not generally appre- 
ciated as a cause of massive hemorrhage. We recently had a case in 
which a peptic ulcer produced a severe massive hemorrhage which was 
controlled by conservative measures. In 4000 consecutive esophagos- 
copies, Chevalier Jackson^ found peptic ulcers in eighty-eight cases, 
sixty-seven of whidi were considered healed and twenty-one active. 
In the active group the incidence of hemorrhage may be as high as 25 
per cent. 

Surgery is seldom necessary as an emergency procedure m the case 
of massive hemorrhage from an esophageal ulcer, but an esophageal 
ulcer may run the same course as a duodenal ulcer, resulting in com- 
plete stenosis at the cardiac orifice and necessitating an elective opera- 
J tion. 

The following case illustrates the dilficully in determining the exact 
cause of the massive hemorrhage. 

A patient, 52 years of age, was admitted to Bellevue Ho‘:pital July 9, 194C, 
with a history of pam m the right upper quadrant, vomiting coffee-ground mate- 
rial and tarry stools over a period of two weeks. At the time of admission, the 
blood pressure was 90/50, red cell count 2,300,000, and hemoglobin 5 5 gm. 
The patient continued to have coffee-ground vomitus for several days after 
admission. With multiple trans/usioas, a Sippy regimen and antacids, the 
bleeding ceased after one week One month after admission, a gastrointestinal 
series reveafeef a periesophageaf hernia, uhser la the dtstsl porttoa ol thecsoph- 
agus, and an ulcer in the first portion of the duodenum It was believed that 
the bleeding was probably coming from the esophageal lesion or the periesopha- 
geal hernia. A transthoracic Incision was made with removal of the eighth nb, 
and an ulcer was found in the lower inch of the esophagus which the operatmg 
surgeon perforated in mobilizing. The terminal esophagus was resected by 
esophagogastrostomy and an accompanying bilateral vagectomy The patient 
expired on the seventh postoperative day. At autopsy there was no e^ idence of 
duodenal ulcer and it was found that death was due to mediastmitis. 

^Ye have had one case in which the stenosis at the cardiac orifice 
was complete, necessitating a gastrostomy. Since no improvement was 
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noted after a five month period, a transthoracic resection of the ter- 
minal esophagus vith an esophagastrostomy was performed, and the 
patient was restored to normal. The permanent gastrostomy closed 
within two weeks time and after a follow-up of five years, the patient 
is perfectly well. 

Hiatus hernia is rarely thought of as a cause of massive hemorrhage, 
but in the past three years, w’e hai’c Iiad occasion to operate upon five 
patients in whom massive hemorrhage w'as attributed to a definite 
hiatus hernia with erosion of the gastric mucosa or to a superficial gas- 
tric ulcer. 

This condition may be overlooked unless the possibility of a hiatus 
hernia is borne in mind and a gastrointestinal study confirms or ex- 
cludes this condition. In our group of cases, a transthoracic repair of 
the hernia was done with an accompanying transthoracic vagotomy. 

Carcinoma of the stomach frequently causes massive gastrointestinal 
hemorrhage. In the past four years there have been four fatalities due 
to massive hemorrhage from a gastric carcinoma, as proved by autopsy. 
If a gastric ulcer located on the lesser curvature can erode through and 
produce a massive Iiomorrhagc, it is reasonable to believe that a carci- 
noma situated on the lesser curvature could do likewise. If the liemor- 
rhage is uncontrollable, a subtotal resection should be performed 
immediately. If the hemorrhage can be controlled by conservative meas- 
ures, an elective operation can be done as soon as tlie patient’s general 
condition warrants. 

The following case illustrates the difficulty in diagnosing an early 
case of carcinoma of the stomach. 

A man, 50 years of age, was admitted to New York Post-Graduate Hospital 
on January 20, 1940, suffering from h^’pertension. Tins condition was known to 
have existed for ten years. On admission the blood pressure was 200/130 and 
the patient had been Iiaving epislaxis for ten hours .Vfter three days he was 
discharged from the hospital. He was readmitted on March 10, 1915, with a 
history of shortness of breath and weakness of two weeks’ duration. Onij' a few 
weeks before admission he was complaining of anorexia. At 5 : 00 a.m. on the day 
following admission the patient was markedly dyspneic, the blood pressure was 
not obtainable and the heart rate was 122. He was conscious and complained 
of no p-ain, but presented the tj^pical picture of shock He bec.imc apprehensive 
and restless and died a half-hour hiler in ^ile of sedation. Autopsy rcv’caled 
carcinom.a of the stomach with hemorrhage into the gastrointestinal tract from 
the ulcerating carcinoma and secondarj' cananoma of the IjTnph nodes, in ad- 
dition to generalized arteriosclerosis and enlargement of tlie heart. 

Other Umiors of the stomach causing hemorrhage, which we have en- 
countered in the past five years, arc leiomyoma, leiomyosarcoma, and 
pol^*ps. Usually the diagnosis of these lesions is not confirmed until 
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operation, but the x-ray fintlinga suggest that the lesion is in all prob- 
ability Dot a true carcinoma, but one of the rarer forms of tumors, and 
these tumors vary from really benign lesions to those of varjung grades 
of malignancy. 

Prolapse of the gastric mucosa through the pyloric sphincter is another 
source of massive hemorrhage, oiring to erosion of the mucosa nbieh is 
caused partly by interference with the blood supply. This diagnosis is 
usually made by gastrointestinal study, and the patient should be 
treated surgically as soon as his condition permits 

GasirJlis may be so severe as to cause massive hemorrhages and this 
fact should be kept constantly in mind when all other diagnoses have 
been excluded. Hemorrhage from this tjT>e of gastritis may be so severe 
as to actually result in a fatality, and we have had one case which was 
proved by autopsy. The diagnosis can be confirmed by gastroscopy 
These patients have a high free bydroehlorie acid, it may be CO to 75 
units on a fasting stomach. 

Carcinoma of the duodenum is not a common lesion, but it constitutes 
50 per cenl< of all the malignant tumors of the entire small intestine. 
If the carcinoma is in the second or tbiitl portion of the duodenum, 
where they are usually located, it may erode into the pancreas, resulting 
in severe massive hemorrhage. At least four such cases have been en- 
countered If the carcinoma Is in the third portion of the duodenum or 
J around the ampulla of Vater the diagnosis may be difficult. If the gastro- 
intestinal x-ray series docs not establish the diagnosis, a study of the cell 
washings of the stomach may be the detennining factor, and this should 
always be done in suspected cases of carcinoma of the duodenum. 

Carcinoma of the jejunum and ileum is much les-s frequent than car- 
cinoma of the duodenum. Of five patients with carcinoma of the jejunum 
who came to operation, one had massive bleeding associated with the 
lesion. 

Meckel’s diverticulum is not an uncommon site of une.xplained gastro- 
intestinal hemorrhage. There is usually gastric mucosa in the diverti- 
culum and it will erode and ulcerate and produce massive hemorrhage. 
A small intestinal x-ray series will usually suggest the diagnosis, 

Dirertiadosis of the small intestine is rather uncommon; we have not 
encountered any hemorrhages associated with this condition. 

In most lesions of the small iatesluie, thediagnosismaybefacilitaled 
by passing a Miller-Abbott tube into the upper jejunum and outlining 
the small intestine with thin barium as the tube descends along its 
course. 

Carcinoma of the large intestine rarely produces severe massive hemor- 
rhage. Chronic bleeding, of course, does occur, but in tliis presentation 
we are not concerned with that condition. 
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Diverliciilihs of the large intestine is not an infrequent cause of massive 
gastrointestinal bleeding. In the past five years we have encountered 
six cases of massive hemorrhage directly attributed to diverticulitis of 
tlic sigmoid. As a rule, the diagnosis is easily made by a barium enema, 
and in all instances the hemorrhage has been controlled by dietary 
management and supportive transfusions. 

Regional ileitis and vlceraiite colitis cause massive gastrointestinal 
hemorrhage, but in these two conditions, the diagnosis is usually sug- 
gested by the fact that the patient is suffering f om a chronic debili- 
tating disease, and the diagnosis is conhrmed by a gastrointestinal x-ray 
examination or a barium enema. 


COMMENT 

^Yhen a massive gastrointestinal hemorrhage is encountered, it can 
be fairly accurately stated that there is a CO per cent chance that it is 
due to a peptic ulcer, and a 40 per cent chance that it is due to one of 
the lesions discussed in this presentation. In most cases of massive 
hemorrhage not duo to an ulcer, the patient can be restored to normal by 
conservative treatment, provided adequate blood is given to compensate 
for tlie lowered blood volume. 

For some of the lesions enumerated here, surgery may be advisable as 
an elective procedure to prevent the recurrence of the massive hemor- 
rhage. 

Blood dy.scrasias have been intentionally omitted from this discussion 
since it is our intention to confine our remarks to lesions involving the 
gastrointestinal tract per se. 
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OPERATIVE TREATMENT OF CARCINOMA OF THE DISTAL 
COLON AND RECTUM 


Sa.muel Stanpakd, M.D., F.A.C.S.* akd John H. Mulhoel.vxd> 
M.D., F.A,C.S.t 

In the past ten years the surgical literature dealing ■nitli colonic 
neoplasms has shown a consislent striving for greater individualization 
in this group of cases. Previously the combined abdominoperineal re- 
section for carcinoma of the rectum, rectosigmoid and, in some instances, 
sigmoid, was the accepted routine procedure. There had been scattered 
voices speaking for procedures which would eliminate the need for 
colostomy, among them Babcock* and later Bacon.® The Miles’ abdom- 
inoperineal resection had so much to recommend it that surgeons 
were loath to seek newer methods. It is a well-thought-out procedure, it 
permits a wide resection of the malignancy; and is attended by a rela- 
tively low morbidity, a low mortality and a satisfactory five year 
survival group. Thinking only of saving life, the surgeon felt that tliero 
was no justification for developing any other procedure. The few voices 
that were raised in opposition had only one thouglit in mind, making 
the life that had been saved a more livable one. Their proposals elimin- 
ated the need for a permanent colostomy. 

With the changing attitude towards primary resection and anastomo- 
sis in the proximal colon as against the older Mikulicz and more recent 
obstructive resections, it is not unexpected that a similar reaction would 
appear in relation to tumors of the rectum and rectosigmoid. 

Firori was one of the first to show that with proper preparation, pri- 
mary resection and anastomosis in the large colon can be performed safely 
without proximal colostomy. Wangensteen,^’ ® acting on this suggestion, 
applied the same principles to surgery of rectal and sigmoidal tumors. 

Anterior resection and anaslomo-sis can be done in areas low in the 
rectum, provided that the patient is not loo obese and the tumor is not 
loo widely spread. The fact that it is a technically feasible operation is 
not enough to j’ustify its use. The procedure can be done in many cases 
where it should not be done for other reasons. Included in this scries of 
anterior resection and primary aimstoniosis for carcinoma of the rcc- 
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turn and rectosigmoid, are only those cases in which it became necessary 
to free the rectum from tlie hollow of the sacrum in order to acliieve the 
anastomosis. In some instances this was all the mobilization necessary 
In other instances the rectum had tohe treed from the anterior structurcy 
as well 

In performing this operation the proAdmal resection is as wide as in 
abdominoperineal resection. The superior hemorrhoidal arterj* is ligatetl 
at the same point and the proximal sigmoid or even flescentling colon 
can be mobilized to be brought into the hollow of the .s-acrum for anasto- 
mosis without tension. Tlie only diminution in tlie brcadtli of the re- 
section lies m the segment distal to the tumor. 

The area below the tumor, through which extension of malignancy 
may he expected^ .should determine the length of distal segment that 
one must resect. Generally, m colonic tumors elsewhere, 4 to 5 inches 
on. each side of the lesion with a good segment of mesentery is considered 
ample resection. Is this true in the rectum? In other words, is there 
evidence that sectioning the gut 2, 3 or 4 inches below the lower edge of 
the tumor would give an adequate assurance against leaving tumor 
behind in the gut wall? 

This discussion concerns on area of the large intestine from the 
anus to some 15 to 18 inches proximal to tlie anus. It is not felt that this 
area can he eemsidered as a uml from a surgical point of view, separate 
thought and different surgical approaches should be applied to conjoint 
sites. A paper by Charles Mayo‘ in 1943 had as its title “One-stage 
Combined Abdominoperineal Resection for Malignant Tumors of the 
Rectum, Rectosigmoid and Lower Sigmoid.” This group of turaor>, 
some within an inch of the anus and others as far as 10 to 12 inches 
from the anus, were treated in the same way, abdominoperineal resec- 
tion with a permanent inguinal anus. Lahcy^ in 1946 writes, “I can dis- 
cuss the selection of one-.«tagc abdominoperineal roection of the rec- 
tum togctlier with the possible selection of an operative procedure for 
this lesion, which is concerncil with preservation of the spliinetcr, either 
by implantation of the upper segment of the colon into tiie perineum or 
by pelvic anastomosis with prcserx'ation of the rectal stump, by saj'ing 
we do not employ the latter operation (preservation of the sphincter) ” 
As to the extent to which the abdoromopenaeal resection is stretched 
he states “I\lten tlie lesion is in the lower loop of the sigmoid where an 
inadequate amount of bowel tube remains below for the application of 
the modified Mikulicz procedure, it is our opinion that in such cases the 
abdominosacral tj'pe of operation is to be preferred rather than a«.’’ 
type of resection with pehic anastomosis.” 

iVside from a growing disagreement about the use of the modified 
Mikulicz procedure in tumors mtywhere in the barge bowel, as against 
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primary resection and anastomosis, it seems difficult to be persuaded 
that just because there is lacking the necessary 3 to 4 inches of sigmoid 
for exteriorization on the skin surface, a patient should be condemned to 
a life with a colostomy. As will be shown below, there is no evidence 
that a tumor in the sigmoid spreads downward into the sacral hollow. 

There are two thoughts that this paper seeks to emphasize. The first 
is that tumors of the sigmoid and rectosigmoid should not be lumped 
with tumors of the rectum and should be accorded special thought in 
surgical approach. The Miles’ abdominoperineal resection should not 
be employed for tumors in this area without a definite reason. The seC' 
ond point deals with tumors of the rectum proper. In this group of le- 
sions, wo feel that there is ample evidence to warrant a division of the 
upper from the lower rectal lesions and abdominoperineal resection 
should not be performed out of habit, but because the location and the 
pathology warrant its use. 

HISTORICAL REVIEW 

A brief review of the procedures employed before Allies’* introduction 
in 1908 of the abdominoperineal resection will furnish reasons for its 
immediate acceptance, its continued popularity, and its establishment 
os the standard procedure for tumors of the rectum. The contributions 
were concerned with hiding the artificial anus in the sacral area or at- 
tempting to maintain continuity by anastomosis, usually performed 
cither tlirough a sacral or abdominal approach or both. Kraske* did a 
posterior resection with a sacral anus; Hochnegg^” pulled the proximal 
segment through a partially remaining external sphincter. Quenu” 

id an anal dissection within the anal sphincter, pulled the proximal 
'Cgment through the incised sphincter and sutured it to the anal skin. 
l.ockhart-iMummcTy'^ attached a rubber tube into the proximal seg- 
ment, invapnated it into the distal segment and fixed it in place by 
several sutures. 

The posterior resections were unsalisfaclorj’ because of tlie difficulty 
encountered in getting well above the tumor, the lack of knowledge con- 
cerning local and hepatic involvement and an uncontrollable sacral- 
anus. ^Micn an anastomosis was done through the posterior approach 
there were the same objections plus the added difficulty of performing 
the anastomosis without tension. This resulted in leakage, infection, 
strictures and fistulas, ^lien successful, there was the advantage of a 
normal sphincter-controlled rectum. 

Miles recognized llie inadequacy' of these procedures, and was strongly 
influenced by the patholopcal studies on lymphatic spread made by 
Poirier, Cunco and Delamerc.** Poirier and his co-workers prcsenlecl 
evidence that Ij’mphalic spread from carcinoma of the rectum was up- 
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ward, laterally and «ln%vnwanls, and Miles planned his procedure to 
eradicate all routes of spread. He shifted the emphasis from local in- 
adequate surgery to life-saving sui^ry on the grounds that colostomy 
IS the price a patient must pay if he wishes to continue to live. The cri- 
terion demanded by cancer surgerj' — wi<le resection of the grovdh and 
maximal removal of actual and potential lymphatic spread — is met. 

Could a procedure be <Ieviscil combining tlic advantages of Miles’ 
procedure and yet eliminating Uie need for a permanent abdominal 
anus? A. colostomy at worst is an Ugly, unnatural, social menace, which 
may rum a patient’s zest for living and leave him with the thought that 
he has achieved, not a prolongation of life but a postponement of death. 
At best, a Well controlled colostomy is compatible with near normal liv- 
ing, and patients become conditioned lo their new status and carry on an 
acceptable existence Despite such ucccplance, however, any procedure 
by which nornial continuity can be established with an equivalent opera- 
tive risk and u comparable long range sursrival percentage, deserves a 
careful Inal A sometimes forgotten sequel of abdominoperiDcal rese^ 
tion IS impotence, r'^ported by Jones** ns occurring in 95 per cent of 
patients. 

In 1943 Firor* j)iibh'>hcd a series of eases of anterior resection and 
primary annstoino-,i> without proximal colostomy for colonic tumorj 
with preopcratiV' |'rc|>.iralion by adequate decompression, nutrilional 
rehabilitation, blooil replacement, intraluminal bowel sterilization and 
systemic antibiotic therapy llis results were sufTiciently encouraging to 
warrant wider use nf Ihe procedure. Today there is a general tendency 
to replace the Mikuhez” procedure by resection and primary anastomo- 
sis without proximal cidoslomy, and the discussion now deals less with 
justification of the procedure than with the details of the primary anas- 
tomosis, i.e., closed vcrMi-. open. This tendency in other regions of the 
colon is mentioned becjiu&c it fiiriiislicd the impetus to apply the same 
principle to lower-lying lesions m the sigmoid and rectum. Such appli- 
cation presented two imjiorlaiit problems. First, the danger of inade- 
quate excision below the lesion to meet the priadpic of ratlical regional 
excision for malignancy , secondly, the technical difiiailty of achiesang 
a satisfactory anastomosis m the cramped quarters of the pelvis. _ 

Miles was led to his dcci.sion by the pathological studies of Poirier 
and his associates. The logical approach lo the problem was a reexami“^' 
tion of those pathological condusions in the light of our prcsent-daj 
metliods of careful pathological examination by gland-clearing mclhoj 
introduced by Gilchrist.*^ We now have reports from several sourws 
Collcr, Kay and MacIntyre,” Gabriel, Dukes and Bussey,^* Gitchns 
and David,''* Grinucl,” Glover and Waugh,” — all of whom agree gener 
ally that Poirier was right about upward .spread, th.at lateral sprea 
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primary resection and anastomosis, it seems difficult to be persuad^ 
Ibal jnsl because there is lacking- the necessary S to 4 inches o! sigmoid 
loresleriorizationoutheskin surface, a patient should be condemned to 

a life -with a colostomy. As will be shown below, there is no evidence 
that a tumor in the sigmoid spreads downward mlo the sacral hoUo-w. 

Tbere ate two thoughts that iHs paper seeks to emphasize. The first 
is that tumors of the sigmoid and rectosigmoid should not be lump^ 
with tumors of the tectum and should be accorded spedal thought in 
surgical approach. The Miles’ abdominoperineal resection should not 
be cToployed for tumors in this area without a definite reason. The sec- 
ond point deals with tumors of the rectum proper. In this group of le- 
sions, we feel that there is ample cndcnce to warrant a division of the 
upper from the lower rectal lesions and abdominoperineal resection 
shoiJd not be performed out of habit, but because the location and the 
palhologj’ warrant its use. 

HISTORICAL BEVIEtN’ 

A brief review of the procedures employed before Miles’* mUodnetion 
in 1908 of the abdominoperineal resection will furnish reasons for its 
immediate acceptance, its continued popularity, and its establishment 
os the standard procedure for tumors of the rectum. The contributions 
were concerned with hiding the artificial anus in the sacral area or at- 
tempting to maintain continuity by anastomosis, usually performed 
either through a sacral or abdominal approach or both. Kraske* did a 
posterior resection with a sacral anus; Hochcegg'® pulled the prorimal 
segment through a partially remaining external sphincter. Quenu“ 
id an anal dissection within the anal sphincter, pulled the proximal 
.'fgment through the Incised sphincter and sutured it to the aual skin. 
l.ockharl'Munimeiy*' attached a rubber tube into the proximal seg- 
ment, invaginated it into the distal segment and fixed it in place by 
several sutures. 

The posterior resections were unsalistactorj- because of the difficulty 
encountered in getting well above the tumor, the lack of knowledge con- 
cerning local and hepatic involvement and an uncontrollable sacral- 
anus. TThen an anastomosis was done through the posterior approacli 
there were the same ohjcctions plus the added difficulty of performing 
the anastomosis without tension. This resulted in leakage, infection, 
.strictures and fistulas. VThen successful, there was the advantage of a 
normal sphincter-controlled rectum. 

Miles recognized the inadequacy of these procedures, and was strongl.v 
raSuenced by the pathological studies on Ij-mphatic spread made by 
1 Oiner, Cunco and Dclamcre.t Poirier and his co-workers presented 
evidence that lymphatic spread from carcinoma of the rectum was up- 
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ward, laterally and clownuards, Jind Miles planned Ins procedure to 
eradicate all routes ot spread. lie shifted the emphasis from local in- 
adequate surgery to life-saving surgery on the grounds that colostomy 
is the price a patient must pay if he wishes to contmuc to live. The cri- 
terion demanded by cancer surgery — ^widc resection of the growth and 
maximal removal of actual and potential lymphatic spread — is met. 

Could a procedure be devised combining the advantages of Miles’ 
procedure and yet eliminating the need for a permanent abdominal 
anus? A colostomy at worst is an ugly, unnatural, social menace, which 
may min a patient’s zest for living and leave him with the thought that 
he has achieved, not a prolongation of life hut a postponement of death. 
At best, a well controlled colostomy is compatible with near normal liv- 
ing, and patients become conditioned to their new status and carry on an 
acceptable existence. Despite such acceptance, however, any procedure 
by which normal continuity can be established with an equivalent opera- 
tive risk and a comparable long range surviv.al percentage, deserves a 
careful trial. A sometimes forgotten sequel of abdominoperineal resec- 
tion is impotence, reported by Jones** as occurring m 95 per cent of 
patients. 

In 1942 Firor* published a scries of cases of anterior resection and 
primary anastomosis without proximal colostomy for colonic tumors 
with preoperative preparation by adequate decompression, nutritional 
rehabilitation, blood replacement, intruluminal bowel sterilization and 
systemic antibiotic therapy His results were sulTiciently encouraging to 
warrant wider use of the procedure Today there is a general tendency 
to replace tfie Mikulicz" procedure by resection and primary anastomo- 
sis without proximal colostomy, and the discussion now deals less with 
justification of the procedure than with the details of the primary anas- 
tomosis, i c., closed versus open. This tendency in other regions of the 
colon is mentioned because it furnished the impetus to apply the same 
principle to lower-lying lesions in the sigmoid and rectum Such appli- 
cation presented two important problems First, the danger of inade- 
quate excision below the lesion to meet the principle of radical regional 
exdsion for malignancy; secondly, tlie technical difficulty of achieving 
a satisfactory anastomosis m the cramped quarters of the pelvis. 

Miles was led to his decision by the patliological studies of Poirier 
and his associates. The logical approach to Uie problem was a rcex.amina- 
lion of those pathological conclusions m the light of our present-day 
methods of careful pathological examination by gland-clearing method, 
introduced by Gilchrist.” We now have reports from several sources-— 
Collcr, Kay and MacIntyre,** Gabriel, Dukes and Bussey,” Gilchrist 
and David,** Grinncl,** Glover and Waugh,**— all of whom agree gener- 
ally that Poirier was right aliout upward .spread, that lateral spread 
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may and does occur along the levator ani fascia, but that domiward 


spread, which is the crux of this problem, is of infrequent occiurence 
and of negligible importance, and then only when proximal spread has 
been massive. Glover and Waugh“ in 1946, on a study of 100 cases witli 
already existing advanced proximal spread, concluded that 0.5 per cent 
may spread distally and that, if the rectum is sectioned a minimum of 2 
cm. below the grossly palpable lower edge of the tumor, the danger of 
leaving tumor behind is negligible. GrinneP* concludes: “Downward 
lymphatic spread is exceedingly rare in operative specimens and occurs 
only by retrograde flow when the high nodes are blocked. The rare 
occurrence of downward extension suggests that the operation of an- 
terior abdominal resection with ligation of the superior hemorrhoidal 
vessels may have a wider field of usefulness for tumors near the recto- 
sigmoid junction.” Gilchrist and David (Surg., Gyncc. & Obst., March, 
1948) state “Retrograde metastases to nodes 1 to 5 cm. below the tumor 
occurred in 7 out of 153 tumors below the promonlorj' of the sacrum 
(4 6 per cent).” They do not state w'hether these cases already had 
proximal lymphatic blockage. From these studies it would seem that 
the danger of downward spread, which drove ^liles to on insistence on 


removal of the lower segment, is not as important a factor as believed. 

Black and "Waugh,-® in reporting local spread in the wall of the colon 
in left-sided lesions, state “For resections of the left part of the colon 
for carcinoma only 2 cm, of normal bowel need be allowed above and 
below the lesion in order to remove the whole of the primarj’ lesion.” 

The fixed rigidity denying all consideration for any procedure other 
than abdominoperineal resection in all segments of the rectum, seems 
un]ustifiable. Gilchrist, in a study of local recurrences following ab- 
dominoperineal resections, points out that the rectum may be divided 
into two sections; the lower, completely extraperitoneal portion ex- 
tending 3 to 4 inches above the anus, and the higher intraperitoneal 
portion. The latter segment is that portion which has peritoneum on 
its anterior surface, its posterior surface Ijdng along the sacral hollow. 
^ n the extraperitoneal group the local recurrence rate was 23.2 per cent, 
in the intraperitoneal group, 3.6 per cent. The local recurrence rate in 
1 le atter group so closely approximates the rectosigmoidal and lower 
sigmoidal lesions that he groups them together in his statistical report. 

IS m this intraperitoneal group that anterior resection with primary 
anastomosis deserves consideration. 

ose above this 4 inch line, shown in Figure 151, fall into the con- 
roAcrsial group. The decision as to the procedure to be used, should 
< epeni upon the pathologic findings. Wangensteen states the case as 
admitted freely that this operation (anterior rescc- 
lon aji primarj' anastomosis) cannot compete in all cases of rectal 
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cancer willi t}je aWominoperineal operatioti. It is inimediatoly apparent 
that its emplojTnenl is contraindicated in jtixtaspbincteric malignancies 
on the score of inadequate removal «f the local lesion, fiirUiermorc, j» 
all lesions at the level of the levator mtisctcs, the operation is contrain- 
ihcated on the score that this procedure docs not permit division of the 
levator muscles and adequate removal of the lateral lymphatic spread. 
Hence, in all large fixed ampuHary lesions in which the tumor has 


[Fig 151. — Area 1 Anterior resectum and primarj anastomosis Area 2: Anterior re- 
section and primary anastomosis tf lesioo u not far advanced Area 3. AbdomiDoperinea! 
resection. 

extended beyond the confines of the fascia propria of the rectum and a 
real opportunity exists for lateral spread in the lymphatic zone, ampul* 
lary resection should not be imderiakcn. Apart from these considera- 
tions the operation of ampuHary rectal resection would appear to deal 
as well with the problem of rectal cancer as docs the abdominoperineal 
operation.” 

As for the tumors of the rectosigmoid and lower sigmoid, it would 
seem that some special reason should be present to justify abdomino- 
perineal resection and permanent colostomy. Charles Mayo, quoteil 
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above as of 1943 when he lumped rectum, rectosigmoid and lower sig- 
moid as one group to be treated by abdominoperineal resection, has this 
to say in 1948” in a report of 200 cases of anterior resection and primary 
anastomosis for lesions situated 5 to 15 cm. above the anus, “If it is 
properly performed, and if adequate resection is possible, it is com- 
parable in radicalness to the combined abdominoperineal resection.” 

How important, in terms of numbers of patients, is it to separate the 
lower sigmoid and rectosigmoid tumors from those of the rectum? 
Pemberton and Dixon^* give the following sites of occurrence in a series 
of 3542 cases; 



Cases 

Per Cent 

C«cum 

. 211 

C.O 

Colon to sigmoid. 

C02 

17.0 

Sigmoid 

480 

13 0 

Rectosigmoid 

C27 

18 0 

Rectum . 

1,599 

45.0 

Anus , * 

23 

0 6 


8,542 



In sucli a group, half of the sigmoid tumors (the lower half), all the 
rectosigmoid and rectal tumors would be removed by the abdomino- 
perineal resection with permanent colostomy, a total of 24CC cases. 
We feel that the sigmoid half and the rectosigmoid group can be e.x- 
pccted go do as well by primary anastomosis, a total of 867 cases, or 35 
per cent who could bo spared permanent colostomy and be expected to 
show a live year salvage comparable to the abdominoperineal resection 
group. That figure omits completely any of the rectal tumors. Of these, 
a certain percentage would be high enough to permit anterior resection, 
probably 10 to 15 per cent according to the location of tumors listed 
by Bacon* in a collection of 1401 c-ascs distributed as follows: 



Cases 

Per Cent 

Sigmoid . 

315 

22.5 

Rectosigmoid . 

231 

10.5 

Rectum— 5th inch 

148 

10.6 

4th inch 

. 211 

15,0 

3rd inch 

.228 

16.8 

2nd inch ... . . 

12C 

8.9 

1st inch 

74 

5.8 

Anal canal . . . ... 

. C8 

4 0 


Close to 50 per cent, then, of patients now being subjected to a life with 
permanent colostomy could continue with normal bowel continuity. 
Ibis leaves the lower two-thirds of the rectum for abdominoperineal 
resection or such procedures as Bacon’s “pull-through” procedure 
through an intact external sphincter from which he reports CO per cent 
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continence and 40 per cent being uncertain enougli to require the wear- 
ing of a pad. 

SBLECnON OF CASES FOR AMTRIOR RESECTION AND 
PRIMARY ANASTOMOSIS 

On the Third New York University Surgical Division at Bellevue Hos- 
pital, anterior resection and finastomosis is being performed for lower 
sigmoidal and rectosigmoulal lesions, and those recta! lesions above 5 
inches from the anus, unless local pathologj', size of tumor, penetration 
of lesion, adjacent inflammatory or malignant attachment make the 
procedure not feasible. For those tumors lying 3 to 5 inches from the 
anus, anterior resection is done for early small lesions when S to 3 cm. 
below the lower edge of the tumor can be removed Those within 3 
inches of the anus arc removed by nbdomniopcriiicai resection. 

In the presence of incurable distant metastascs to hver or periaortic 
nodes, an effort is made to do anterior resection and anastomosis in all 
rectal lesions regardless of location, since cure is no longer the problem. 
The situation seems to require a philosophic approach to the problem, 
rather than surgical judgment IVc feel that those paticnls will jive 
more comfortable lives for the short span they have left and should not 
be further punished by having to carry a colostomy for that period. 
If, because of local pathologic changes, anastomosis cannot be done, 
anil the tumor is locally resectable, an abdominopermcal resection is 
performed to rid the patient of iho bleeding, tdeeratmg, infected mav# 
The removal of the tumor makes the colostomy controllable, whereas 
in its presence it constitutes a source of irritability, inducing reSex 
peristalsis of the colon and repeated evacuation, which cannot be con- 
trolled by tlie usual methods of diet, irngation or drugs 

Wo include in the group of anterior rescefions only those cases in 
which it is necessary to mobilize the rectum from the hollow of the 
sacrum in order to achieve the anastomosis Any lesion in the sigmoid, 
which can be removed with a sufficiently wide tlistal margin without 
mobilizing the rectum from the sacrum, is included with the genera! 
colonic group of tumors for which resection ami primary anastomosis 
exclusively have been tlonc for the past five years The MikuHcz or 
modified Mikulicz procedure is not emploj’etl, nor is the two-stage 
abdominoperineal resection described by Lalicy A patient who is ad- 
mitted with obstruction which cannot be relieved by conservative 
methods is decompressed surgically by a loop colostomy of the proidmal 
transverse colon (high in the right upper quadrant), followed in two 
weeks by definitive care of the local lesion and lalcr closure of the 
colostomy. 
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ANALYSIS OF RESULTS 

The statistical reports on anterior resection and primary anastomosis 
deal only with short time follow-ups, and with immediate postopera- 
tive morbidity and mortality. Mayo and Smith^- report 200 cases witli 
nine deaths, three of these deaths occurring in patients with accompany- 
ing colostomies, and six in patients without accompanying colostomies. 
Four of the six deaths in the latter group were due to pulmonary em- 
bolism or were of cardiovascular origin. Waugh and Custer-® report 
sixteen cases, only one of which was in the rectum, fourteen in the 
rectosigmoid and one in the lower sigmoid. There was one death from 
extensive bronchopneumonia and atelectasis on the fifth day. At ne- 
cropsy the anastomosis in the rectosigmoid was found to be “in excel- 
lent condition.” Wangensteen reports a series of thirty-five ampullary 
resections (excluding rectosigmoid) with two hospital deaths, one due 
to coronary thrombosis and the second due to pyelonephritis and oli- 
guria, which he attributes to the injudicious administration of sulfa- 
thiazole, a mortality of 5.7 per cent. Dixon** reports 426 cases with 
twenty-five deaths, a mortality rate of 5.9 per cent. It is interesting 
that eighteen of tho.se followed the first stage of tlie operation and 
seven followed closure of the proximal colonic stoma. The mortality 
from the closure of the colonic stoma should be weighed against the 
supposed hazards of resection without proximal colostomy. Of the 426 
cases, 270 were done in recent years under present day preoperative 
and postoperative care, with a mortality of 2.6 per cent. 

On the whole, the mortality rales arc lower than most reports on 
abdominoperineal resection j the morbidity is less, most patients leaving 
the hospital Avilhin two to three weeks, with a healed wound, and having 
normal bowel movements. 

Our .scries consists of forty cases, the location of the reaction ranging 
from 3 to 10 inches above the anus. Early in the series wo performed this 
procedure for tumors situated lower than wc would today. The lowest 
anastomosi.s could be felt 2 inches within the anus in a thin man who 
lived two years and died of an independent carcinoma of the lung. 
Autopsy sliowcd no local recurrence in the pelvis or liver. We have had 
two deaths, one in an obese woman of 45 whose lesion was discovered 
during routine sigmoidoscopj’ 5 to G inches above the anus. At operation 
severe bleeding from a cluster of paraovarian varicosities was controlled 
with difficulty, and the patient's circulation failed on the table. Circu- 
latory competence w.'is restored by transfusion. She did poorly post- 
opcratively, became markedly distended and died on the fifth day with 
consolidation of both lungs and probable peritonitis. The second death 
occurred in a woman of eighty with a perforating carcinoma of the 
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ampuUa at the rectosigmoid and adherence to the left wall o{ the pelvis 
It was considered inoperable, but m an effort to delineate its attach- 
ments, a friable portion of the tumor was torn. Because of the open 
rectum, it was decided to resect the mass. Tliis was done uicomplctcly 
because of adherence to tlie side wall, and an end-to-end sigmoidorectal 
anastomosis was performed The patient did fairly well for the first 
four days. She had her first bowel movement on the fourth day. On the 
fifth day she developed tracheal edema with submucosal hemorrliagic 
exudate w'hich was considered a laic effect of intratracheal intubation. 
On the sixtli postoperative day the edema completely occluded the 
trachea and before tracheotomy could be performed the patient died. 
At autopsy the peritoneum was clean, but there was a local abscess 
containing 10 to 15 cc. of pus about the anastomotic site. There was no 
leakage from the anastomosis. 

Five of the forty patients Lad obvious liver metastases at the time of 
operation Four of these patients lived four, six, six and eight months, 
having normal bowel movements. The fifth patient was operated on in 
December l9iT, she had two nodules m the hver. She is ahvc and well 
with normal bowel movements at this time, ten months after operation. 

Five patients required resection of other organs because of adherence, 
one a hysterectomy, anotlier a hysterectomy and omentectomy (this 
was a leiomyosarcoma involving rectum and uterus, probably originat- 
ing m the uterus but this cowld not be dctcrnimcd), one a resection of 
the left ovary, tube and adherent omentum, and one a resection of a 
segment of the dome of the bladder. 

Two cases required previous decompressing colostomy for acute ob- 
struction on admission. Tlie remainder had no proximal colostomy done 
at operation. In one case this was an error. We feel that as a routine 
procedure, proximal colostomy is not necessary, but if there is any 
doubt about the viability of the gut etiges or the adequacy of the suture 
line, a proximal colostomy should be done. Our view is Uiat one roust 
explain its need. The more carefully tlie patients arc prepared, from the 
standpoint of tube decompression, the less need will there be for a 
proximal colostomy. 

Among the complications there were three fistulas, one drained 
sacrally and closed in thirty-dour one drained abdominally and 

closed in twelve days; the third faded to heal and was fomul to be the 
seat of a teeurrcuce at tbc site of anastomosis, obviously aa inadequately 
resected lesion. A bladder iniury was repaired, and drained for six days 
by urethral catheter with unev’entful recoverj' ■ 

Of two males S7 and 47 years old respectively, neither became im- 
potent following surgery. 
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Three cases were poorly chosen, the lesions being too close to the 
anus. Today we would perform abdominoperineal resection for these. 

None of the recovered patients have developed strictures at the site 
of anastomosis; they move their bowels normally without complaint. 


PREOPERATIVE PREPARATION 

In preparation for surgery two related but distinct problems must be 
solved. First, the establishment of a normal, or as near normal a patient 
as the disease permits. The preparation of a patient for major surgery 
today has become more or less a standardized matter. Hemoglobin 
levels should be within normal limits, bearing’ in mind the work of 
Lyons’^ on chronic shock; transfusions should not be measured in liters, 
but in terms of the patient’s blood volume and hemoglobin content. 
Keprotcinization can be achieved by a high protein diet, 125 gm. a 
day, with a sufficiently high carbohydrate diet to meet the caloric needs 
of the patient — a minimum of 3000 to 4000 calories. If added proteins 
are needed, commercial dried milk makes a palatable means of protein 
replacement. The various forms of amino acids are excellent but often 
so unpalatable as to diminish their usefulness. If Amigcn is to be used, 
a simple way to prepare it is to mix 250 gm. of Amigcn in 1000 to 1500 
cc. of boiling water, add 500 gm. of dcxtraraaltosc (2000 calories). 
Stir, place in icebox and feed one-half to one glassful every three hours. 
If dried milk is to be used, 500 gm. of milk and 250 gm. of glucose or 
dextramaltose in 1000 to 1500 cc. can be administered in the same 
manner as Amigcn. 

Amigcn contains 12 per cent nitrogen, dried milk contains about 5 
per cent nitrogen; the body needs are 0.5 gm. of nitrogen per kilogram 
of body weight. Vitamins should be administered in larger than needed 
doses to err well on the overabundant side: 


Vilnmin C as ascorbic add. . 

Vitamin B os thiamine bydrodilorlde 
Nindn (nicotinic acid) ..... . . 

\ itamin K (in h^’poprothrombinemm) 


500 mg a day 
200 mg. n day 
500 mg. a day 
30 mg a day 


The preparation of the bowel will depend upon tlic state in which the 
patient arrives at the hospital. If obstruction is acute, all efforts should 
be made to decompress the bowel by conservative medical means before 
resorting to surgical colostomy. The Levin tube and Miller-Abbott 
tlecompression from above, enemas from below, chemotherapy and anti- 
biolias .should be used witli the hope that the obstruction is due to an 
inflammatory swelling (the more usual cause), rather than neoplasm 
itself. During this phase, parenteral rehydration and remineralization 
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and protein and blood replacement must be carrie<l out since the oral 
route is barred. Decompression of the small bowel by the Millcr-Abbott 
tube may lead one to error. Films of the abdomen will demonstrate the 
still distended large gut which calls for surgical decompression. 

The decompression colostomy is done high in the right upper quad- 
rant as a loop colostomy well away from the suprapubic incision to bo 
used later. If the colon is found hugely distended and thin-walled, a 
needle pimcture is made, the gas allowed to escape, and the loop brought 
out as a knuckle of gut over a glass rod A cautery puncture can be 
made into the bowel within six hours, permitting gas to escape freely, 
and the gut is opened in twenty-four hours, the glass rod being left in 
situ to prevent recession of the bowel into the peritoneal cavity. Wicn a 
proximal colostomy is done, two weeks is permitted to elapse for the 
gut to return to normal calibre and texture before the definitive pro- 
cedure 

In the unobstructed lesions, preparation lakes about a week Sulfa- 
suxidine, 12 gm as the initial dose and 12 gm. in six divided doses each 
twenty-four hours thereafter, is administered for a week. If streptomycin 
is to be used for intraluminal sterilization, it should not be started until 
two or three days before the day of operation. Within forty-eight hours 
the bacterial count is at its lowest, it then rises each day. Whether 
sulfasiwidine or streptom>’cin is used, near sterilization of the bowel is 
accompanied by cessation of putrefaction and diminution m the pro- 
duction of vitamin K. Vitamin K should, therefore, be given in 10 to 
20 mg. doses each day of drug administration gauged by prothrombin 
time determinations. 

Cathartics are usually unncccssarj', sulfasuxidinc fluidifies the bowel 
contents sufficiently For forty-eight hours preoperalivcly, the patient 
is on a fluid diet If a primary anastomosis is contemplated a ^liller- 
Abbott tube is passed thirty-six to forty-eight hours prcoperatively. If 
abdominoperineal resection is planned, a Levin tube is inserted into the 
stomach the night before the operation. On the afternoon of the day 
before the operation, the patient is given a colonic irrigation, and e%’ery 
four hours thereafter a rectal lube is inserted and left in situ for ten to 
fifteen minutes to siphon off the excess fluid that may collect in the 
rectum. TMien the tumor is thought to be fixed in the pelvis, both ureters 
are catlieterized tlie morning of the operation to make for easier identi- 
fication in the pelvis. If the tumor is not fixed, a urethral catheter is 
fastened in the bladder the morning of the operation, and the bladder 
is emptied on insertion and later on the operating table 

The patient is seen by a member of the anesthesia department the 
night before the operation and the anesthesia problem evalu.iled All 
patients arc operated upon under inhalation anesthesia We feel that 
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our postoperative morbidity with inhalation anesthesia in the hands 
of well trained anesthetists is minimal. Many dinics advocate spinal 
anesthesia and report excellent results with it. In outlying regions 
where excellent inhalation anesthesia is not available, spinal may carr>* 
a lower risk than inhalation poorly administered. 

TECHNIC OF ANTERIOR RESECTION AND PRIMARY ANASTOMOSIS 

The patient is placed in high Trendelenburg position; the shoulder 
braces should be nibber>padded, and placed over the acromion processes, 
not over the midclavicle. In the latter position in thin people, pressure 
on the brachial plexus may leave a disabling pressure neuritis. We 
have had two Klumpke’s paralyses of the left arm, which had been 
held out on an arm board for intravenous infusion. As the surgeon 
working on the left side pushes the arm backu'ards against the fixed 
point of the shoulder brace, stretching of the lower cords of the brachial 
plexus occurs. This ulnar paresis is highly disabling and takes three to 
six weeks to dear. A leg vein should be used for infusion and if this is 
notavailable, the arm should be placed alongside the table with a curved 
band about it to protect the needle. 

A left suprapubic, muscle^lsplacingindsion is employed. In retracting 
the muscle laterally, the properilonea! fat should be carried T\’ith the 
muscle, for in it lies the deep epigastric artciy which othervN-isc needs to 
be cut. The liver and periaortic nodes are c.xplored, a sclf*retaming 
retractor inserted, and the pelvic area walled off from the upper abdo- 
men. The local lesion is inspected and its location determined. The 
final decision as to abdominoperineal resection versus anterior resection 
need not be made at this time since the first steps are the same for both. 
The lateral and medial leaves of peritoneum arc split down to the bladder 
in the male and the uterus in the female. The superior hemorrhoidal 
arterj’ is identified, isolated, doubly damped, cut and doubly ligated 
close to its origin. The left ureter is isolated and held by a loop of silk 
for later identification. The rectum is freed by blunt dissection from the 
hollow of tlie sacrum to the coc<^Tt, the rectum is now straightened and 
is easily brought out of the pelds. By this maneuver the cul de sac is 
made more shallow. The peritoneum across the bladder in the male or 
in the utems in the female is cut, uniting the lateral and medial incisions 
of the pelvic peritoneum. A cuff of peritoneum is left on the rectum 
which is grasped by a series of clamps and while being held imder tension, 
the deavage plane between rectum and seminal vesicle in the male or 
uterus in the female is opened and the rectum freed to the prostate in 
the male, to the vagina in the female. The middle hemorrhoidal vessels 
arc cut, then ligated, or if they can be previously identified, the vessels 
arc clamped first and then cut and ligated. 
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The length of borrel below the lower margin of the tumor can now be 
definitely established. If there 15 3 to d cm. and the tumor is free, the 
pelvis is carefully walled off from surroimdtng abdominal wall, and 
sectioned across at the selected level. The site of section of the proximal 
segment is now chosen and the bowel cut across, being sure that the 
proximal end will reach the distal end with no tension. 

No clamps arc used in this anastomosis. The lumen is swabbed out 
with moist gaure pledgets. If a two-layer anastomosis can be done, two 
layers are used. The first scries of interrupted silk sutures is placed 
before tying any of them. As each suture xs inserted a clamp is applied 
and as it is laid down it is covered by a piece of gauze so that each suture 
is separated from the next by a layer of gauze. This prevents snarling 
of the sutures The two gut ends are then brought together and the su- 
tures tied. A second layer of interrupted through-and-through sutures 
is now laid; each is no more than i inch from its neighbor and these 
are tied snugly but not tightly. The admonition m tying is, “Caress 
it, don't kill it.” The care with which these arc inserted will often spell 
tlie difference between primary union of tiie anastomosis or breakdown 
with leakage. A cigarette drain from the hollow of the pelvis is brought 
out at the lower angle of the wound The pelvic peritoneum is closed 
with interrupted silk and the abdomen dosed in layers, using chromic 
continuous sutures to peritoneum, and interrupted silk sutures to fascia 
and skin. Blood transfusion is continued throughout the procedure and 
13 regulated by the anesthetist as he follows tlie blood pressure of the 
patient, 500 to 1000 cc, may be used. 

Complementary proximal colostomy is not used unless there is some 
doubt about the viability of the gut edges or uncertainty about the 
suture line, or edematous gut which bad not been restored to normal 
character before operation. IMien required, a transverse colostomy is 
done and brought out through a slab wound in the right upper quad- 
rant. Dixon's mortality figures ‘sliow that seven of twenty-five post- 
operative deaths followed closure of the colostomy after the patient liad 
recovered from the major surgical procedure- In our scries of forty 
cases, no complementary colostomies were used. 

POSTOPERATIVE CARE 

Postoperatively, wound healing has been no problem; almost all 
heal by primarj* union, The first three or four days require parenteral 
fluid therapy. Fluids arc allowed by mouth in forty-eight hours, the 
Levin tube being clamped off for an hour after each fluid intake. By 
the fourth day, a soft diet is permitted. The Levin tube or Jliller-Abbott 
tube is removed by the fifth day; the diet is mcreased daily thereafter 
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SO that by the ninth or tenth day the patient is taking a liberal low 
residue diet. 

The drain is removed on the fifth or sixth day. The first bowel move- 
ment occurs between the fourth and seventh days, and by the end of 
the second week, occurs daily. A rectal tube is inserted every four 
hours for ten minutes for the first forty-eight hours, to allow the escape 
of gas. 

The patient is taken out of be<l on the first postoperative day. Intra- 
luminal chemotherapy postoperalively is not routinely employed; 
systemic penicillin is used postoperalively. Usually the patient is ready 
for discharge between the second and third week. 

CONCLUSIONS 

1. The lower sigmoid and rectosigmoid constitute an area of the 
colon which should be separated from the rectum proper, when dealing 
with carcinoma. Tumors in this area should be removed by resection 
and primary anastomosis. Thirty-five per cent of the tumors of the 
rectum, rectosigmoid and sigmoid occur in this area. This would elimi- 
nate colostomy for over one-third of the patients now being left with a 
permanent colostomy by the abdominoperineal resection. Difficulty in 
delineating exact boundaries of the rectosigmoid could be eliminated 
by including in it that portion of bowel completely covered by peri- 
toneum, 

2. Tiunors of the rectum proper can be divided into four groups: 

(а) Those situated 1 to 3 inches from the anus require abdomino- 
perineal rcsection. 

(б) Those tumors 3 to 5 inches from the rectum should have ab- 
dominoperineal resection if they are large, if the fascia propria 
of the rectum is involved, or if there is inflammatory or malig- 
nant attachment to adjacent pelvis. If the tumor is small, 
localized, does not penetrate llirough the serosa, and can be 
removed with 3 to 5 cm. of rectum below the edge of the tumor, 
it should be removed by anterior resection and primarj’ anasto- 
mosis. 

(c) Those tumors 5 inches and above the anus, if locally resectable, 
should have the preference of anterior resection and primary 
anastomosis, and only in cases of advanced pathology should 
an abdominoperineal resection be performed. 

(d) In the presence of incurable mctastascs, resection and anasto- 
mosis is done whenever technically feasible, 

3. The five j-ear salvage percentage must await the passage of time 

to determine whether it will compare favorably with the abdominoperi- 
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neal resection. Dixon reports a 67.7 per cent five year survival rate in 
27i patients. 

With this division as outlined above, tve feel that group I should 
offer just as good a prognosis sritbout colostomy as by the abdomino- 
perineal resection. If, to this group, are added those of the upper rectum 
and localized tumors in the middle rectum, over one-half of the patients 
previously accorded abdominoperineal resection can escape the need for 
an inguinal anus by utilizing the procedure of anterior resection and 
primary anastomosis. 
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THE SURGICAL TREATMENT OF PANCREATITIS 


Henhy Doubilet, M.D., F.A.C.S.* and John H. IVIiilholland, 
F.A.C.S.f 

Pancreatitis is a common disease, progressive in nature, varying in 
severity from mild edema to widespread necrosis, often associated with 
biliary tract disease and frequently unrecognized. Recurrent attacks 
may bring about complications which are considered as pathological 
entities but cannot be dissociated from the original physiological dis- 
turbance. The patient suffering from recurrent attacks of acute pan- 
creatitis has been the unwitting victim of two popular misconceptions: 
that the diagnosis should he considered only when there is severe acute 
upper abdominal pain and profound shock; and that decompression of 
the biliary tract by cholecystostomy or choledochostomy is a beneficial 
procedure. 


ETIOLOGY AND PATHOLOGY 

It is our purpose to sliow that recurrent acute pancreatitis and its 
sequelae can be diagnosed and treated successful!}’ by a definitive surgi- 
cal procedure based on an understanding of the etiology and pathology. 
Herewith is an enumeration of salient observations made experi- 
mentally or clinically, contributing to this concept: 

1. A common 'passageicay w present between the bile and pancreatic 
ducts. In 1901, Opie‘ demonstrated Uiat in individuals in W’hom the 
pancreatic duct empties into the ampulla of Vater above the papilla, 
obstruction of the papilla by a stone will allow bile to pass up the pan- 
creatic duct and produce an acute inflammation. Archibald* showed that 
spasm of the sphincter of Oddi could produce sufficient obstruction to 
bring about the same result. Cholangiographic studies done by us* in 
twenty-eight cases of recurrent pancreatitis demonstrated this common 
passageway in the majority. Reflux of pancreatic juice into the biliary 
tract, as evidence of a common passageway in cases of acute pancreatitis, 
was noted by Popper* and in our studies. 

2. An emotional disturbance is the itsual cause of dyskinesia of the 
sphincter of Oddi. Aside from the very few’ cases in which obstruction of 
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Assocttte Visiting Surgeon, Third (New York University) Surgical Division, Bellevue 
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the papilla of Vater is due to an isapacted stone, an aggravating condi- 
tion in the emotional life of the patient was found to be the inciting 
cause of the attacks Kymographic studies of the tonus of the sphincter 
of Oddi demonstrate how readily this muscle responds to emotional 
stimuli.* Once an acute inflammatory attack has occurred, the sphincter 
of Oddi appears to become more sensitive, possibly due to infianimatory 
changes in that region, and the attacks recur with progressively shorter 
intervals until almost every meal brings on pain. The progressive nature 
of the disease is one of its most outstanding characteristics. 

The emotional disturbances that affect the sphincter of Oddi may 
produce other effects on the gastrointestinal tract such as globus hysteri- 
cus, cardiospasm, p 3 ’lorospasm and spastic colitis Dysuna and urinary 
frequency may also occur as a result of spasm of the bladder. Section of 
the sphincter will pre\-ent biliarj'-paocrealic pain and acute pancreatitis, 
but an emotional crisis occurring in the future may cause any of the 
above disorders. These symptoms are often reflex in origin due to severe 
bdiary-pancreatic pain and disappear after destruction of the sphincter 
of Oddi. 

Other than emotional conditions which may produce reflex spasm of 
the sphincter of Oddi and result in pancreatitis are impacted gallstones, 
supraduodenal common duct atones, and duodenal diverticula arising 
close to the papilla.* 

8 The infiammatiQn of the ■pancreas is initiated hy the bile salts present 
in the bile. Xn 1900, 1-’lexner^ showed conclusively that the toxic factor 
in bile is the bile salts and that the degree of the inflammatory reaction 
is proportional to the concentration of the bile salts This observation 
was confirmed bj* Archibald, Dragstedl* and Ireneus ’ Wangensteen'* 
showed that in cats in which bile was made to enter the pancreas, the 
incidence of pancreatitis was reduced by 50 per cent after cholecys- 
tectomy (i.e. the bile was low in bile salts due to tlie absence of the con- 
centrating activity of the gallbladder). 

4. ..-l/A-afinjzafion of the bile salt solution by pancreatic juice renders it 
toxic and thus it causes reaciite edema and necrosis of the pancreas. Fle-x- 
ner showed that buSered bile sail solution was less toxic than nonbuf- 
fered. The gallbladder is protected from concentrated bile salt solution 
by a mechanism which increases the acidity as the concentration in- 
creases." Experimentally, a concentrated alkaline bile salt solution causes 
inflammation of the gallbladder.** Reflux of pancreatic juice into the 
g.'illbladder, making the bile alkaline, is a common cause of acute chole- 
cyslitis.'*'** However, the crucial e^ieriment to establisli unequivocally 
that alkalinization renders bile salts toxic to the pancreas has not yet 
been performed. 

5. Necrosis and hemorrhage, tekkh sometimes follotcs ike initial edema 
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'produced hy the bile salts, is due to the action of trypsin which has been 
activated by dead cells and exudate. Purulent bile, even when the bile salt 
concentration is low, may be the cause of severe pancreatitis through 
trypsin activators such as streptokinase. Again, however, the crucial 
experiment to prove this concept tliat activated trypsin can digest 
tissues injured bj’ edema has not been performed. 

6, Local effects produced by acute inflammation of the pancreas, (a) 
Biliary obstruction. Acute swelling in the head of the pancreas may com- 
press the common bile duct and produce temporary jaundice. Folloising 
many attacks with localized necrosis, the common bile duct may become 
narrowed, tortuous or even completely obstructed and distorted by the 
fibrosed head of the pancreas (Fig. 152). 

(b) Acute and chronic diabetes. Swelling of the pancreas may interfere 
with the function of the islet cells and produce temporary diabetes asso- 
ciated with severe acidosis and glycosuria. Recurrent attacks may pro- 
duce a chronic diabetes due to excessive destruction of the islet cells.’* 
This form of diabetes is especially sensitive to insulin since only small 
doses may produce hypoglycemia. Occasionally, the diabetes is masked 
due to the presence of a high renal threshold for sugar. The glucose 
tolerance test is a measure of the impairment of islet function due to 
gradual destruction of the pancreas. 

(c) Normal rcslitulion. In many patients even after numerous attacks 
of pancreatic edema without necrosis, the pancreas will be found nor- 
mal when observed at operation. Biopsy specimens may show no changes. 

(d) Complete necrosis of the pancreas. Occasionally an attack may 
produce generalized necrosis and hemorrhage followed in a short time 
by shock, collapse and death due to large losses of fluid into the peri- 
toneal cavity. 

(e) Pancreatic cyst. AMien an obstructed small duct empties into a 
necrotic area, a cyst which may grow to a very large size will form. 
Occasionally, such a cyst may become infected and abscessed. 

(f) Chronic pancreatitis. Repeated attacks of pancreatitis with patchy 
necrosis may eventually convert the gland into a cirrhotic organ.’* This 
may result not only in diabetes due to destruction of islet cells but also 
to a deficiency in the formation of pancreatic juice. This reduction in 
external function of the pancreas can be measured by the secretin test. 
The spruclike syndrome of poor digestion, poor absorption of food and 
bulky fatly stool may result in loss in weight. Similarly, immediately 
following an acute alLack, the production of pancreatic juice is markedly 
r(xluce<l for some daj's. As a result, diarrhea wliich may last from one 
to seven days frequently follows the onset of the attack. 

(g) Calcification of the pancreas. Under certain conditions, calcium 
carl)onatc stones will form in Uie pancreatic ducts. These stones are 
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usually dendritic in shape since they form in the fine ducts and have 
extensions into smaller ducts whidi branch off at right angles to them 
These stones obstruct the ducts behind them and lead to a compensatory 
hype/pJasia in the unobstructed ducts, 

(h) U'idespread inHammaiion of iht upper part of the abdominal cavHy 
jolloiced hy ike formaiion of areas of ealeification and fihro9%9. During a 
severe attack of pancreatitis, tl»e ^'olumiaous exudate containing acti- 
vated trj-psin and other cnzjTnes passes through the capsule of the 
p«ancreas, fills the lesser sac and poors out through the foramen of tVins- 
low. This juice stimulates an infiammatoiy reaction around the gall* 
bladder and over the dome of the liver wliich may pass down tlie right 
lumbar gutter and throughout the peritonea! cavity. The loss of fluids 
into the peritoneal cavity raaj- be so great as to diminish blood volume 
and induce profound shock Along n-fth pericholeeystifis the omentum, 
transverse colon, pylorus and ditodenuin may become adherent to the 
under surface of the Hver. Areas of fat necrosis occur due to the action of 
lipase oa free fat released by deslroye<l fat cells. The process may be lo- 
calized to the right side and stimulate an attack of acute cholccj’stitis. 
Spread of this activated juice throughout the peritonea} caxity may cause 
paralytic ileus with x-ray evidence of distended small bowel loops and 
fluid levels 

During resolution, localized collocUons of fluid may accumulate below 
tie diaphragm on both sides. This is especially prone to occur on tie 
left side if the foramen of 'inslow has been closed by prewous attacks. 
The diffuse inflammation on the right side results in the formaiion of 
dense adhesions of the omentum and transverse colon to the gallbladder 
and porta hcpalis The duodenum may be deformed by these adhesions 
and during the period of chronic pain an x-ray di.agnosis of duodenal 
ulcer is not unusual. The dome of the fiver is not infrequently attached 
by dense adhesions to the diaphragm. The areas of fat necrosis may be- 
come calcified and these calcific nodules have been noted in the gastro- 
hepatic omentum, on the liver, and on the mesentery throughout the 
peritoneal cavity. These deposits have frequently been mistaken for 
evidence of healed tuberculous peritonitis. 

(0 T'aricosify of the portal system. We have noted in two cases tre- 
mendous enlargement of the veins overling the gallbladder, common 
duct, pancreas and duodenum. These are apparently due to constriction 
or obliteration of the port'll vein adjacent to the inflamed fibrosed p.an- 
creas. The presence of such varioosilies make any extensive operation 
in this area extremely hazardous. 

7. General effects produced by acute inflammation, of the pancreas, (a) 
Elevation of the serum amylase and serum lipase. Loss of semipermoabihty 
of the fine pancreatic ducts due to the inflammation leads to the absorp- 
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tion of pancreatic enz\Tnes into the blood stream through the lymphatics 
from the pancreas.*^ This rise is especially prone to occur during acute 
edema of the pancreas. High serum amylase is diagnostic of acute pan- 
creatitis and was applied as a practical test by Elman'* and later by 
Soinogj’i.*® It is now considered to be the most valuable test in the diag- 
nosis of acute pancreatitis. If the c<lcma is mild, there may be no rise 
in the serum amylase or it may be so transitory as not to be obsenr'ed. 
If the destruction of the pancreas is extensive, there may be no rise in 
the serum amylase. In severe attacks, the elevation of serum amylase 
may persist for a week or longer; during the recovery phase, it may fall 
below normal values.*"**' In patients who have had many recurrent 
attacks, there may be no rise in the serum amylase even during a severe 
episode or it may be veiy low. We have had two cases in which the 
serum amylase was zero during an acute attack. 

(b) Elevation of trypsin in blood serum. Although a rise in tlie serum 
tiypsin has never been measured, there is evidence that widespread 
injury occurs due to an irritant (probably Irj'psin) circulating in the 
blood.**'** Some of the obscrv’ations are as follows: lemporarj’ hyper- 
tension; injury to the heart as eWdenced by electrocardiographic 
changes*'; injury' to the liver as noted c.Yperimcnlally by Archibald and 
Ircncus ; injury to the kidneys as noted by transient and occasionnll}’ by 
permanent albuminuria; and subcutaneous hemorrhages. 

8. The pain in recurrent acute pancreatitis arises from tico different 
causes — distention of the biliary pancreatic ducts, and inflammation of the 
panctcas and adjacent viscera. Since spasm of the sphincter of Oddi is the 
basic factor in the production of pancreatitis, it follows that the biliary 
and pancreatic duct .systems must be distended by the pressure neccssarj' 
to overcome the abnormal resistance of the sphincter. This distention 
produces pain in the epigastrium with radiation to the back as well as 
to the right side Cl'il'iry) and the left side (pancreatic). \Mien the 
sphincter is persistently spastic the pain may be either a constant ache 
or, if felt only after meals, it may last for one-half to four hours. That 
this type of pain is due to distention can be confirmed experimentally 
by sudden distention of the common duct through a T-tube or of the 
pancreatic duct through a fistula. Severe pain will invariably result. In 
each p.itient the individual preoperativc pattern of pain is reproduced 
exactly, even if its location is bizarre (i.e., right lower quadrant, infra- 
umbilical, subslernal, or radiation up the neck or down the arms). 
Radiation of pain beneath the left costal margin or to the back over the 
ninth or tenth ribs is evidence of pancreatic involvement. Confirmatory 
evi<Icnce that this type of pain is due to duct distention behind the 
spastic sj)hincter is the frequent occurrence after emotional disturbances, 
and <)ccasionally relief by nitroglycerin.** The conclusive proof Is the 
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fact tljat the pain disappears completely after destruction of Ihesphinc- 
ter of Oddi. 

Severe epigastric or back pain, squeezing, distending or burning in 
character, that occurs with active inflammation of the pancreas will 
last two to fourteen days if inadequately treated. Residual tenderness 
in tJje epigastrium and left upper quadrant is invariably present. If the 
inflammatory exudate spreads to the right upper quadrant, marked pain 
and tenderness of that point may be the predominating feature. After 
the exudate spreads throughout the peritoneal cavity, the whole abdomen 
may exhibit a peculiar tj’pe of superfidal tenderness with generalized 
spasticity. 

0. The relation of alcohol to acute pancreatitis. The high incidence of 
pancreatitis in clironic alcoholics has been noted. \\Tietber or not alcohol 
has a specific action on the pancreas is not known. In our experience, 
pancreatitis occurs in an alcoholic on a spree who does not eat for several 
days and then has a meal containing fat. It can be easily visualized that 
when a gallbladder full of concentrated bile (due to starvation) suddenly 
empties into a pancreatic duel, a severe tjTic of disease would ensue. 
This relationship of excessive alcoholic intake followed by a large, rich 
meal in the production of acute pancreatitis has also been noted by 
Paxton.** TOicther the spasm of the sphincter, which is necessary for 
this event to occur, is due to direct irritation by alcohol or to the exces- 
sive gastric acidity produced by the alcohol is unknown. It must also 
be kept in mind that the alcoholic bout may be due to some unresolved 
emotional conflict whicli in itself may cause spasm of the sphincter. 

DIAGNOSIS 

The diagnosis of recurrent acute pancreatitis is based on: (1) the 
history and physical examination ; (2) an elevated serum amylase during 
the height of the attack, (3) a secretin test showing diminished forma- 
tion of pancreatic juice, (4) calcification of the pancreas in a patient 
with recurrent attacks of epigastric pain, the presence of a pancreatic 
cyst ; a history of a previous operation at which pancreatitis was found 

Diagnosis during Acute Attack. — It is almost impossible to differentiate 
acute pancreatitis from perforating peptic ulcer, acute cholecystitis with 
or without perforation, acute intestinal obstruction, mesenteric throm- 
bosis, or cardiac infarct, during the height of the attack. A high serum 
amylase is diagnostic and excludes the other conditions. A low serum 
amylase, however, does not aln-ays exclude pancreatitis, especially if 
performed two or three days after the onset. A careful history of past 
attacks and the results of x-rays, operations and the like may be of great 

hefp* 

It is important to seek x-ray exidcnce of free air in the pentonc.'i 
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cavity, since many of these patients have been treated for peptic ulcer 
because of the long history of recurrent attacks of pain after meals in 
association with some degree of duodenal deformity. In reviewing these 
x-ray findings it is usually noted that the duodenal deformitj’ was pres- 
ent unthout the presence of gastric hyperperistalsis. 

The frequent presence of pain, tenderness and a mass in the right 
upper quadrant, as well as high fever and leukocytosis, makes it almost 
impossible to difi'erentiate acute pancreatitis from acute cholecystitis. 
However, a careful examination may reveal acute tenderness in the left 
upper quadrant, and while the scrum amylase determination is being 
done, and gastric suction and intravenous hydration are being instituted, 
a gradual shifting of symptoms to the left side may occur. Even in the 
absence of a high serum amylase, a careful review of the history, espe- 
cially if the pain usually tends to radiate to the left side, may arouse 
suspicion of pancreatitis. Under these conditions, conservative therapy 
under observation is justified even if the disease is actually acute chole- 
cystitis. 

When abdominal distention is the predominating symptom, a past 
history of recurrent attacks, the presence of fever and leukocytosis, and 
the absence of any obvious cause for intestinal obstruction, may make 
one suspicious of pancreatitis. The institution of intestinal tube suction 
and intravenous hydration while the serum amylase is being determined 
may change the clinical picture rapidly and the presence of acute tender- 
ness in the epigastrium and left upper quadrant will make the diagnosis 
clear before the serum amylase is reported. 

It is of the utmost importance to consider acute pancreatitis and de- 
termine serum amylase in all acute upper abdominal conditions, no 
matter how typical of other diseases Uie clinical picture may be. 

Diagnosis in Interval Phase of Kecurrent Acute Pancreatitis. — ^The 
patient who has had one or more undiagnosed attacks of severe upper 
abdominal pain due to pancreatitis will eventually enter a phase in 
which almost every large meal causes epigastric pain which frequently 
radiates to the left side, as well as to the right side and back. The out- 
sUmding characteristic is loss of weight due to fear of eating. The diag- 
nosis is difficult owing to the absence of a high serum amylase level even 
during an attack which lasts two or three days. Normal x-ray find- 
ings of the organs of the upper abdomen are usual, although non- 
visualization of the gallbladder or Uie presence of gallstones is not in- 
frequent. In this situation the secretin test is of great value. A dimin- 
ished flow of pancreatic juice in response to a standard dose of secretin 
will confirm the diagnosis. Frequently, however, the secretin test falls 
within normal limits. Careful x-ray examination may reveal areas of 
calcification in the pancreas or close to the head of the pancreas. The 
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presence of a pancreatic cyst is also of diagnostic value. Expansion of 
the inner curve of the duodenum is suggestive of an enlarged head of the 
pancreas \ history that the gallbladder was not visualized by x-ray 
following an attack, but was found to visualize normally at a later date, 
IS also suggestive of pancreatitis. A pericholecystic inflammation during 
and following an attack of pancreatitis will prevent normal function. 
As the exudate is absorbed, the ability of the gallbladder to fill and con- 
centrate its contents will return.* 

Ail these various considerations are of help in arriving at the diagnosis 
in the absence of high serum amyhise or a diminished response of the 
pancreas to secretin. The secretin test may give a normal volume re- 
sponse, but the analysts of the pancreatic juice may show a diminished 
concentration of bicarbonate, or more important a very low concentra- 
tion of amylase, which is indicative of pancreatic disease. 

TREATMENT OF RECURRENT ACUTE PANCREATITIS 

Treatment of the Acute Phase. — The treatment is nonoperative. There 
IS no evidence that cliolccystostomy or drainage of a necrotic pancreas 
IS of any avail. The pancreas is so swollen that no bile can enter its 
ducts, and the damage has attained its maximum intensity. Xecrotic 
tissue will not pass out along a drainage tube, and the trauma of the 
operative procedure in a dehydrated patient in shock is much more 
dangerous than any hypothetical benefit The treatment is based on 
these principles : 

1. Dehydration and shock are treated by intravenous fluids, blood 
and plasma, 

2. Complete rest of the gaslroinlcsliual system Nothing is gi%’en by 
mouth. Gastric suction prevents acid from entering the duwlcnura; lliis 
inhibits the formation of the secretin which stimulates bile and pancreas 
juice flow. Atropine, 1 S mg (I/I50 gr ) every four hours, will also help 
to inhibit the function of the pancreas as well as the rest of the intes- 
tinal tract. It will also tend to rela.x the sphincter of Oddi, In addition, 
papaverine in doses of 120 mg (2 gr.) every four hours might be of help 
in relaxing the sphincter, but it must be remembered that a sphincter 
rendered sp.istic by inflammation and pain responds reluctantly to anti- 
spasmodic drugs. 

3. Pre%’entiQn of infection of necrotic tissue and exudate by the ad- 
ministration of large doses of penicillin, 300,000 units everj' six hours. 

The.se three basic measures arc inrariably so effective that only sraalJ 
doses of demerol are needed to pve the patient relief from pain. Jfor- 

• Also receally reported by SilvaaJ sad McCorkle {Ann Surg 1207 IJuael IWS^ 
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phine should not be used since it increases the spasticity of the sphincter 
of Oddi for prolonged j»eriods. 

In addition to general measures, the urine should be examined for 
sugar, and the carbon dioxide combining power of the blood and the 
blood sugar level should be determined as emergency measures. The 
acidosis produced by a severe diabetes may require large doses of insulin. 
Injury to the kidney as c^ndenced by albumin and casts in the urine 
may require cautious administration of fluids to prevent water-logging 
in the lungs. As a rule, 3000 cc. of fluids, consisting of 1000 cc. of 5 per 
cent glucose-saline, 1000 cc. of 5 per cent glucose in distilled water and 
1000 cc. of amigen, keeps the patient in adequate hydration and nutrition. 

This treatment should be kept up continuously until the symptoms 
subside and the serum amylase (performed daily) has returned to nor- 
mal. The gastric tube is then removed and clear fluids are given by 
mouth for twenty-four hours. If the symptoms do not recur, a soft diet 
(fat free) is given for two days and then a full fat-free diet. Any food 
containing fat, given during this period, may cause a recurrence of the 
pancreatitis. 

the patient has recovered and is walking about, the following 
examinations are advisable: 

(а) X-ray of the stomach and duodenum. 

(б) Glucose tolerance cur\’e. 

(c) Secretin test. 

id) X-ray of the gallbladder (Graham lest) to determine its function 
as evidenced by filling and concentration of the dye; also to see if gall- 
stones arc present. i\. fat meal should never be given to contract and 
empty the gallbladder; this information is not sufficiently important to 
justifj’ the risk of a recurrence of pancreatitis due to the fat meal. If the 
gallbladder is not visualized, the test should be repealed in two weeks 
function may return when the pericholecystitis has subsided. 

(e) Examination of the blood for serum proteins, albumin-globulin 
ratio and prothrombin time. 

Preoperative IVIanagcment. — Operation is best performed three weeks 
after the attack when the inflammator}- reaction has subsided. On the 
morning of the operation, a duodenal tube with a metallic bucket is 
passetl and the patient is turned on the right side to facilitate passage 
of the lube into Ibe duodenum. Preoperative medication should consist 
of dcincrol, 100 mg., and atropine, 0.40 mg. Morphine must not be given 
since it will interfere with the cholangiographic studies. General or spinal 
anesthesia may be used. A wooden funnel is placed under the patient on 
the operating table to facilitate insertion and removal of x-ray cassettes. 
A ainnula is inserted preferably in an ankle vein for continuous intra-* 
venous infusions. 
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Operative Technic . — high tmasverse abdominal incision is used, 
the right rectus being sectioned and the left rectus muscle retracted in 
thin individuals, and transection of both recti muscles in stout patients. 
The liver, gallbiadder, stomach, duodenum, and pancreas are carefully 
e.vp}ored, as ^eJl as the rest of the abdomen. After adhesions are freed, 
the stomach is grasped firmly with a wet pack and pulled downwards 
and to the patjcnt’s left. A wet pack is then inserted in the foramen of 
Winslow to elevate the gastrohepatic omentum. The liver is gently re- 
Iracted and the peritoneum over tlie gastrohepatic omentum is incised 
to expose the common duct from the superior edge of the duodenum 
upwards to the cj’stic duct. The cystic duct is dissected free and a thin 
strip of rubber tissue passed around it. At this point the metal olive tip 
of the duodenal tube is carefully placed in the second portion of the 
duotlcnum and cholangiographic studies are done. A 50 cc. syringe filled 
with 35 per cent water-soluble radiopaque solution is attached to a piece 
of rubber tubing about 18 inches long with a short large caliber (No, 18) 
needle at its end The needle is inserted into the cystic duet which is 
steadied by traction on the rubber tissue around it. This maneuver also 
prevents any radiopaque fluid from entering the gallbladder. A 14 by 
37 inch plate covered by a Lcsholm grid isiaserted under the patient and 
the x-ray tube is focused over the epigastrium. Meanwhile the anesthe- 
tist attaches a 10 cc. syringe, filled with N/10 hydrochloric acid, to the 
duodenal tube. The operator starts to inject the radiopaque material 
am! begins to count slowly. At count 3, the add is injected into the duo- 
denum. At count 10 the aneslJielist has stopped the respiratory move- 
ments of the patient, and simultaneously the .v-ray film is exposed. It 
is important that the injection of radiopaque material be continued 
during the exposure of the x-ray plate. Another plate is taken imme- 
diately afterwards using the same technic, without more acid 

TOiiie the plates are being processed, the gallbladder is removed from 
below upwards and its bed closed over with mterrupted silk sutures. 

The plates are then examined for evidence of common duct stones and 
for proof of a common passagewaj’ as evidenced by visualization of the 
pancreatic duct (Fig. 152). Knowledge of the size, length, direction and 
tortuosity of the common duct visualized by the cholan^'ogram is of 
great help in passing instruments into the duodenum (Fig. 152). 

The common duel is then opened, between sutures, just above the 
superior border of the duodenum Any stones present are rcinoverl and 
a fine catheter is passed up towards the liver and 50 cc of sahne is 
washed through. The catheter is then directed downwards and saline 
injected slowly as it is pushed along. Tliis maneuver sometimes helps 
to straighten the duct and relax the sphincter. If the c-atheter enters the 
duodenum, the common duct is palpated along its course for tlie pres- 
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dice of stones. Tiie catheter is then removed and the sphincterotoine* 
passed gently into the duodenum. The blade is then opened and the 
instrument is retracted until it books the papilla. The knife is close<l 
and the instrument is withdraiim, thus performing the operation of endo- 
choledochal sphincterotomy. 

The common bile duct is then closed using fine interrupted silk sutures. 
A small tube is placed near this site, using one plain catgut suture to 



Fig. 15^. — Operative choIangiograQi illuslrating dbtortion of the common bile duct by 
long-standing pancre.'ilitis ^hich has resulted in calcihc deposits throughout the gland. 
The tortuosity of the duct makes passage of an instrument through it difficult. Cholangio- 
gram performed before any instrumenlation will pres’enl injurj*. 

hold it in place. The tube is brought out at tlie right end of the wound. 
A biopsy of the pancreas may then be taken. If there are any enlarged 
lymph nodes along the common duct, a not unusual occurrence in pan- 
creatitis, one of them should be rcmovetl for histological examination. 
A pancreas that is enlarged and fibrosed by inflammation may also be 


• Manufactured by the American Cystoscope Makers, Xen- York City. 
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the seat of carcinomatous changes. The abdomen is then closed in three 
layers using interrupted silk sutures throughout. 

Two difBculties frequently prevent section of the sphincter of Oddi 
through the common bile duct. First, tiie duct may be too narrow to 
allow the passage of the instrument, and again, the lower end of the 
common duct may be so tortuous and angulated that the sphincterotome 
cannot be passed without force. Under these circumstances, tlie anterior 
wall of the duodenum is opened, over a thin probe in the common duct 
if the duct is very narrow, or over the arrested tip of the instrument. The 
incision in the axis of the duodenal wall should be no longer than 3 cm. 
The sphincter is cut in one case over the probe for a distance of 1 cm , 
or if the instrument is found arrested at the ampulla of Vatcr, it can be 
manipulated through the papilla, the knife opened, and sphincterotomy 
performed under vision. The duodenum is then closed m the same direc- 
tion ns the incision, using a 6nc purso-slnng chromic catgut suture for 
inversion and several interrupted silk sutures for reinforcement. 

Postoperative Care.— The duodenal lube is left in situ and suction 
continued for three days postoperalively. This is very important, since 
the swelling and edema at the sphincter from the operation and manipu- 
lation may cause pancreatitis unless the organs are pul at rest by with- 
holding of food and prevention of the entrance of gastric ]uice into the 
duodenum. The patient is supported by intravenous administration of 
glucose-saline, amigen and 5 per cent glucose in water. On the fourth 
day the tube is withdrawn and clear fluids are administered. A soft, fat- 
free diet is given on the fifth and sixth days, food being given every two 
hours, to keep up a continuous flow of bile and pancreatic juice. A full 
low’-fat diet, with feedings every two hours, is then advised for the next 
five weeks. If necessary, sufficient bile s.alls to produce at least one bowel 
movement a day are administered with each meal The patient is out of 
bed on the first postoperative day for a few minutes every four hours, 
and usually is able to walk about on the ward on the third day. The 
drainage tube is removed on the fourth day and the patient can be ths- 
charged on the fifth to seventh day. 

In patients who are to be studied for proof that sphincterotomy (1) 
destroys the function of the sphincter, (2) prevents pancreatic reflux 
and (3) does not permit duodenal reflux by retaining the one-way valve 
action of the duodenal wall, a T-lube is placed into the common duct. 
A short, tightly fitting rubber cuff is then slipped over the T-tube at the 
level of the abdomen, and two safety pins are inserted into it. The T- 
tube itself must not be pierced. A strip of adhesive is then fastened to 
each pin and attached firmly to the sldn, one across the abdomen and the 
other along the right flank. This holds the T-tubc in a sling, prevents its 
accidental removal and, more important, prevents angulation of the 
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common duct due to the continuous pull of the drainage tube. The bile 
drainage is collected in a small bottle attached to the dressings. The 
drainage tube should never be attached to the bed since it tends to 
immobilize the patient and frequently causes the T-lube to be pulled 
out by accident. The T-tube can be tied off completely on the fourth 
day, since the bile tends to flow easily into the duodenum as a result of 
the sphincterotomy. 

On the tenth day, a tube is passed into the duodenum, and cholangio- 
graphic studies are performed to lest fl) the patency of the common 
duct, (2) the absence of reflux up the pancreatic duct following spasm 
produced by the injection of acid through the tube, and (3) the integrity 
of the duodenal wall (the mechanism that prevents duodenal reflux) 
as evidenced by the narrowing of the intramural portion of the common 
duct five minutes after the subcuLancotis administration of 10 mg. of 
morphine. On the following day, a lube is passed again, and a kjmo- 
graphic tracing is made of the resistance to flow of saline through the 
common duct into the duodenum. The eWdence of destruction of the 
sphincter is indicated by the absence of response to the intraduodenal 
instillation of acid, and the diminished response to tlie administration 
of morphine. 

If the cholangiograpbic and Icjmiographic studies indicate destruction 
of the sphincter of Oddi, the T-tube is removed and the patient dis- 
charged. The fistula closes immediately because resistance to flow of 
bile into the duodenum is minimal. 

ILLUSTRAXn’E CASES 

The following abstracts of ease reports are illustrative of principles 
which have been discussed: 

Case I. — 0. T. (Belle\ne HospilaJ, No. 12709-4 7) was a 44 year old male 
kitchen chef who, for a number of years, worked sporadically duriog intervals 
between alcoholic sprees. For the three years prior to admission these bouts 
frequently ended in attacks of se\*ere abdonunal pain, distention and vomiting, 
lie was admitted to different hospitals on these occasions and at one he was 
advised to have an operation for a perforated peptic ulcer. He refused operation 
and subsequently recovered. In March, 194C he was admitted to Bellevue 
Hospital with the usual complaints of severe epigastric and right abdominal 
pain, fever, distention and vomiting. Serial blood amylase determinations at 
this lime established the diagnosis of acute pancreatitis. X-raj* examination of 
the t^llbladdcr, stomach and duodenum rewaled no abnormalities. He left the 
hospital after the atUck subsided and was readmitted several times between 
March, 194C and January, 1947 with similar episodes. At this time operation 
was agreed upon and on February 1, 1947 it was performed. There were dense 
adhesions about the gallbladder, liver and adjacent organs. The pancreas was 
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firm; the common duct aormal An operative cholangiogram visualized the en- 
tire pancreatic duct (Pig. 153) The gallbladder was removed and the sphincter 
of Oddi was sectioned. Postoperative cholangiograms after tn-o weeks faded to 
visualize the pancreatic duct {Fig 154), After administration of morphine the 
function of the intact duodenal wall as a vaUe to prevent further duodenal 
reSux could be demonstrated (Fig 155) KjTnographic studies were further 
evidence of destruction of the sphincter of Oddi 



Fig 153 (Case I) — Opetativc cholangiogram performed while N/lO hydrochloric 
acid waa applied to the sphincter of Oddt. thus inducing spasm The radiopaque solution 
was forced througli the paaerealic duct sjstem, provmg the presence of a biliary pancre- 
atic passageway 

The patient has been readmitted to the hospital for alcoholism sescral limes 
since operation — the last admission being in September of 1948 and on no occa- 
sion has there been a recurrence of the abdominal pain 

This patient niustmtes acute paiicrcaliUs recurring in an alcoholic. 
The diagnosis! was proved by serial amylase determinations and the 
refluv mechanism demonstrated by operative cholangiograms. For one 
year and seven months following operation the patient has had no re- 
currence and has been observed in the hospital while recovering from 
several alcoholic sprees. 
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Case II.— D. R. W. (Beth Israel Hospital, Nevrark, N. J.— operation with 
Dr. A. Abrams) was a 40 year old white man with a history for twelve years of 
attacks of severe epigastric pain radiating to the back and to both upper quad- 
rants and accompanied by vomiting. The attacks would last from two hours to 
two days and initially recurred about e\-cry six months, but in recent years 
were coming every few weeks and there was some pain after every meal. On 
one occasion ten years previousb' a diagnosis of perforated peptic ulcer was 
made but no operation was performed. Between and 1944 be was admitted 
to four different military hospitals where repeated .x-rays of the gallbladder 



Fig. 154. (Case I) — Cbolangiogram performed through a tube two weeks after opera- 
tion. The pancreatic duct is not visualized. 

stomach and duodenum were normal. He was finally discharged from the army 
on Februaiy H, 1948 because of his incapacitating pain. Xo diagnosis was made. 
Following his discharge, further x-rays revealed calcification of the pancreas 
(Fig. I5C). An operation was advised by his phj'sician and a cholecystostomy wxis 
done. The patient refused permission for a pancreatectomy. Ilis pain was re- 
lieved so long as the cholccj'slostomy lube drained. IMien the tube was removed 
the pain promptly returned. On April 12, 1048 a secretin test revealed marked 
impairment of the pancreatic function (total volume 120 cc.; total amylase Co 
umts). On April 1C, 1918 he was again operated upon and a cholangiogram 
(Fig 157) was taken. The pancreas was large, hard and kmobby. The sphincter 
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of Oddi was sectioned through the cotomon duct. The patient has been symptom- 
free since operation 

This patient iltusttates the long historj' of undiagnosed pain with 
eventual development of calci6e(l pancreas. Operation has pro^aded 
complete relief of pain in spile of the presence of the calcified pancreas 



Pip. 135. (Case I) — Cholangiogram performed through a T-tube two week« after 
operation aad after the administration of morphine The contracliori of the duodenal 
wall, which is the mechanbm preventing reOus of duodenal contents into the biliary tract, 
is illustrated 


Case III — J. S (Beliej ue IJoq>itaI, 19906-47) was a S7 year old nhite 
man nitb a history for nine years of recurrent attacks of severe epigastric pam 
radiating to the back and both scapulae. These attacks nerc accompanied by 
vomiting and distention and lasted from two to seven days Eight years prior 
to his most recent admission, in 193!>, a cholecystectomy was performed on the 
Third Surreal Division of Bellevue Hospital for tliese complaints The diagno- 
sis was chronic noncalculous cholecj'slitis His postoperative course at this 
time was complicated by a dehiscence of the abdominal wound on the third 
poslopcTative day. The wound was resutured and he recovered to be discharged 
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to the outpatient department. He returned frequently with persistent com- 
plaints of abdominal pain unchanged by operation. 

The patient was readmitted to the hospital in April of 1947. Repeated serum 
amylase determinations were done and were persistently low, never rising above 
50 mg. per lOO cc. The secretin test revealed normal pancreatic function. Opera- 
tion vas performed on JFay 29, 1947 at which time a cholangiogram demon- 
strated the pancreatic duct after spasm Iiad been induced in the sphincter of 
Oddi by the application of hydrochloric acid. There were extensive adhesions in 



t Fif; 150 (Case II). — ^X-ray film of calcifiw^l pancreas 


the right upper quadrant and the common duct was narrowed. The sphincter 
of Oddi was sectioned under direct vision through an incision in the duodenum, 
ffis postoperative course was again complicated by wound dehiscence and, 
further, a biliary fistula, .ifter a delayed convalescence he was discharged with 
the fistula closed and wo\md healed. The patient was re-examined one year 
later. He had gained 50 pounds in weight, was working steadily and has had no 
pain whatever on a foil, varied diet. 

This patient illustrates pancreatitis without positive findings and 
diagnosis by exclusion. Ills complete rehabilitation is verification of the 
diagno'.j's and of the eflcctivenc.'.s of llie ojicration. 
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of Oddi was sectioned through the common duct The patient has been syroi^om- 
free since operation. 

This patient illustrates the long history of undiagnosed pain with 
eventual development of calcified pancreas. Operation has provided 
complete relief of pain in spile of the presence of the calcified pancreas. 





Fig. 135 (Case I) — Cholangiograoi performed through fl T-tiib^ ttro weeks after 
ftod atlw the adroinislraliou oC morphine Tbe contraction of the duodenal 
wall, which is the mechanum preventing refluTtJ duodenal contents into the biliary tract, 
is if/ustrateil 

Case III. — J. S (Bellevue Xlo^ital, No 18966-47) was a 57 year old white 
man with a history for nine years of recurrent attacks of goverc epigastric pain 
radiating to the back and both scapulae. These attacks were accompanied by 
vomiting and distention and lasted from two to seven Jaj’s. Eight years prior 
to his most recent admission, in 1959, a cholecystectomy was performed on the 
Third Surgical Division of Bellevue Hospital for these complaints. The diagno- 
sis was chronic noncalcnlous diolecj’slitis. His postoperative course at this 
time was complicated by a dehiscence of the abdominal wound on the third 
postoperative day The wound was resutnred and be recovered to be discharged 
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Case IV. — K. R. (Bellevue Hospital, No. 779048) was a 29 year old female 
secretary a history of six years of recurrent attacks of midabdominal pain 
radiating to the epigastrium and both upper quadrants. X-rays of her gall- 
bladder and gastrointestinal tract showed no abnormality. In 1943, during a 
particularly severe attack, an emergency abdominal operation was performed 
at another hospital. A diagnosis of acute pancreatitis was established. A drain 
was placed to the pancreas and a diolecystostomy performed. Drainage from 
the cholccystostomj’ site persisted intermittently for five years and at one time 
a small cholesterol stone was extruded. l\Ticn the fistula was closed the attacks 
of abdominal pain recurred. She was admitted to Bellevue Hospital on February 
15, 1948 The secretin test showed a marked reduction in pancreatic secretion 
(total volume 42 cc.; total amylase 43 units). At operation on February 25, 
1948 the common bile duct was found markedly dilated, the pancreas was hard 
and enlarged, a cholangiogram demonstrated the whole of the pancreatic duct 
(Fig. 158). Choiccj’stectomy and section of the sphincter of Oddi were carried 
out 

This patient was seen in September of 1948, seven months after operation, 
and she has been entirely free of symptoms. Her fistula is closed. 

This case illustrates the diagnosis of acute pancreatitis by exploratory 
operation and persistence of symptoms after simple drainage and chole- 
eystostomy. 


COMMENT 

We were able to demonstrate a common passageway in the majority 
of cases of recurrent pancreatitis. The fact that these patients were 
cured of their attacks by sphincterotomy is evidence that reflux of bile 
is the etiological factor. Tliere is no doubt that there are other causes 
of pancreatitis. Mumps is a proven example. Viruses, such as those 
affecting the liver in infectious hepatitis, may possibly cause pancrea- 
titis. Alcohol may have a specific action on the pancreas, but in our 
e.xpenence the attacks following alcoholic sprees occurred in patients 
with a common passageway; in addition, the clinical picture did not 
vary from tliat occurring in patients w'ho did not .drink alcohol. 

The following fundamental problem remains to be solved. Granted 
that an individual with spasm of the sphincter of Oddi has a common 
passageway, how is it possible for bile to enter tlie pancreatic duct, since 
We know that, following a meal, the secrctorj’ pressures of the bile and 
pancreatic juice arc equal? It must mean that in these individuals bile 
is discharged into the duct systems before pancreatic juice secretion 
starts. Either the secretin which stimulates the pancreatic juice forma- 
tion IS not produced, or it is destroyc<l e.\-cessively in its transport 
through the blood stream by secrelinasc. A tliird possibility c-xists: 
secretin produced in large amounts may inhibit the pancreas.*^ 
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The question is raised: Can the sphincter of Oddi, when sectioned, 
regain its function by the process of healing? Comparison is often made 
with the anal sphincter which is known to heal after it is cut, But it must 
be remembered that the whole anal sphincter is rarely sectioned and 
that, when it is completely sectioned, it remains permanently incon- 
tinent Finally, experimental and climcal observations have shown that 
following section of the sphincter of Oddi by the sphmcterotome, the 
circular muscle retracts and heals in the position of retraction.^* 

Reflux of duodenal contents into the biliary tract with resulting 
cholangitis is prevented by the preserration of an intact duodenal wall 
musculature. It can be demonstrated by cbolangiographic studies’ that 
the common bile duct in its oblique passage through the duodenal wall 
is effectivelj’ closed during contraction of the duodenal wall. Thus a 
one-way valve effect, permitting bile to flow into the relaxed duodenum 
and closing the duct during contraction of the duodenum, is preserved. 
There have been no instances of cholangitis following section of the 
sphincter in twenty-eight cases. 

The most difficult problem in tbe treatment of pancreatitis is in those 
patients who have no objective evidence of the disease. Under observa- 
tion, an elevated serum amylase cannot be found, even during acute 
attacks; the secretin test shows normal pancreatic function; and all 
x*ray examinations are normal. In spite of this, these persons have 
almost dally attacks of postprandial pain, svitli marked loss in weight 
due to fear of eating. Every few days or weeks a severe attack occurs, 
lasting one to three days, and is followed by a period of epigastric and 
left upper quadrant tenderness. Great caution must be exercised both 
in diagnosis and treatment. These patients are usually highly emotional 
and react not only by the spasm of the sphincter of Oddi, but also by 
the spasm of the pharynx, cardiac sphincter, pylorus, small and large 
intestine, and even of the urinary bladder It is true that sphincterotomy 
will relieve them of their postprandial biliary and pancreatic pain and 
will prevent pancreatitis, but their continued emotional disturbance will 
lead to sjTnptoms from other parts of the intestinal tract. We have sec- 
tioned the sphincter of Oddi in some of these patients, often with spec- 
tacular results, but some of them have had recurrences of pain from 
other parts of the intestinal tract. It is possible that better results may 
be obtained by periesophageal vagotomy. However, further observation 
of these patients and the use of psj’chotherapy and antispasmodic drugs 
will be required before any definite operative procedure can be recom- 
mended. 
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SUMMARY AND CONCLUSIONS 

Pancreatitis is a common disease of varying intensity from mild 
attacks to severe abdominal calastrophies. It is frequently associated 
with biliary tract disease and many patients with conditions diagnosed 
as postcholecystectomy syndrome, biliary dyskinesia and the like are 
actually suffering from recurrent pancreatitis. 

Reflux of bile into the pancreas is a predominating etiological factor. 
This reflux is frequently produced by abnormal spasm of the sphincter 
of Oddi in the presence of a common biliarj’ pancreatic passageway above 
the sphincter. Surreal destruction of this muscle will prevent further 
attacks of pancreatitis. The intact duodenal wall prevents reflux of duo- 
denal contents into the biliary tract in the absence of the sphincter. 
Illustrative cases are cited. 
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The question is raised: Can the sphincter of Oddi, when sccUoned, 
regain its function by the process of healing? Comparison is often made 
with the anal sphincter which is known to heal after it is cut. But it must 
be remembered that the whole anal sphincter is rarely sectioned and 
that, when it is completely seetkmed, it remains permanently incon- 
tinent. Finally, experimental and clinical obscrv'ations have shown that 
following section of the sphincter of Oddi by tlie sphincterotome, the 
circular mu&cle retracts and heals in the position of retraction 

Reflux of duodenal contents into the biliary tract with resulting 
cholangitis is prevented by the preservation of an intact dumlena! wall 
musculature It can be demonstrated by cholangiographic stndies® that 
the common bile duet in its oblique passage through the duodenal Viwll 
is effectively closed during contraction of the duodenal wall. Thus a 
one-way valve effect, permitting bile to flow into the relaxed duodenum 
and closing the duct during contraction of the duodenum, is preserved. 
There have been no instances of cholangitis following section of the 
sphincter in twenty -eight cases. 

The most difficult problem in the treatment of pancreatitis is in those 
patients who have no objective evidence of the disease. Under observa- 
tion, an elevated serum amylase cannot be found, even during acute 
attacks; the secretin test show* normal pancreatic function; and all 
x-ray examinations are normal. In spile of this, these persons have 
almost daily attacks of postprandial pain, mth ro-irkeil loss in weight 
due to fear of eating. Every few days or weeks a severe attack occurs, 
lasting one to three days, and is followed by a period of epigastric and 
left upper quadrant tenderness Great caution must be exercised both 
in diagnosis and treatment These patients are usually highly wnDliona! 
and react not only by the spasm of the sphincter of Otldi, but also by 
the spasm of the pharynx, cardiac sphincter, pylorus, small and large 
intestine, and even of the urinary bladder. It is true that sphincterotomy 
will relieve them of their postprandial biliaiy’ and pancreatic pain and 
will prevent pancreatitis, but their continued emotional disturbance will 
lead to symptoms from other parts of the iotestinal tract. We have sec- 
tioned the sphincter of Oddi in some of these patients, often with spec- 
tacular results, but some of them have had recurrences of pain from 
other parts of the intestinal tract. It is possible that better results may 
be obtained by periesophageal vagotomy. However, furtlier observation 
of these patients and the use of psychotherapy and antispasmodic drugs 
will be required before any definite operative procedure can be recom- 
mended. 
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or jaundice and quickly became inoperable. It was observ’ed also that in 
such cases perforation of the gallbladder in acute cljolecystilis occurred 
rapidly and with little attempt at peritoneal protection. Unless quickly 
relieved by surgery, the tense gallbladder early showed gangrenous 
changes, and when it perforated a rapidly spreading and almost in- 
variably fatal peritonitis resulted. 

Thus delay in diagnosis was dangerous, but equally dangerous was 
delay for any other reason that might postpone surgical relief of either 
acute cholecystitis or common duct occlusion. Such delaj’ might under- 
standably occur in an endeavor to improve tlie patient's condition to 
withstand operation. Here an exercise of judgment was required to de- 
termine at what point the surgeon's efforts to improve his patient's 
condition, desirable as such measures might be,* began to work to the 
patient’s disadvantage in unduly' delaying surgical relief. Such urgent 
situations allowed no time for the correction of incidental or underlying 
disease or deficiendes. In the case cited above it was not even possible, 
in the presence of acute sepsis, to bring the patient’s diabetes again 
under control. Notliing, of course, could be done at the moment for her 
arteriosclerosis or for the intercurrent pyelitis. The most one could safely 
and reasonably liopc to accomplish was to replace fluid and electrolyte 
loss, provide blood for transfusion, empty the bowels by enema and the 
stomadi by aspiration (incidentally leaving the tube in place at least 
during the operation), give a protective dose of penicillin (250,000 U), 
and proceed with surgery. This was the procedure adopted; and it was 
the plan generally followed with patients in this group where urgent 
surgery was demanded. 

Choice of Anesthetic. — With this meager but necessary preparation 
accomplished, the next question arising in such cases was the choice of 
appropriate anesthetic. Contrary to e-vpcclation, the use of general anes- 
thesia in these bad risk patients ivas not attended with tlie extreme haz- 
ard we had apprehended.* There was, in fact, no anesthetic death in any 
of our cases of biliary tract emergencies, and only one (spinal — ^aspi- 
ration of vomilus) in the tobil group of urgent cases. We came to believe 
that a general anesthetic, well chosen and skilfully administered, pre- 
sented a relatively minor risk in these cases.* With respect to the incidence 
of postoperative pneumonia, there was xdrtually no difference between 
the various anesthetic agents employed.® In fact, we gained the impression 
t^l the anesthetic itself was not a significant factor in the produc- 
tion of pneumonia, inasmuch as over 50 per cent of the cases in which 
this complication appeared developed tlie disease ten daj's or more after 
the operation. Of the various a\‘ailable methods of anesthesia, we have 
come to favor cyclopropane for these bad risk patients. It provides low 
toxicity, ready induction, good relaxation, full oxygenation throughout 
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and rapid recovery. Combined with intocostrin, as it has been in our 
later cases, the same resultsaresafelyachieved with mimraal qnantitio 
of Uie gas. 

Selection of Operation. — In the case under consideratiou, we elected 
cholecystostomy us liie operation of choice. The rcsi«.on tor this selection 
will Imj apparent from a review of our experience with problems of this 
type, as reveaiefi in our original stu<ly of ^irty-four cases of biliary tract 
emergency, as well as from the results obtained in subsequent cases. 

One of the principles originally laid down for Uie management of 
emergency situations in cklerly bad risk patients was to perform ih 
least formidable surgical procedure that tcouUl meet the immediate need 
for relief and sate life. Tliis principle we adhered to in dealing with 
the earlier patients covered by our study. Later wc became convinced 
by the arguments propounded by many surgeons in favor of cholecys- 
tectomy. ^Vc were the more readily persuadeil to change our tactics 
because our early mortality was. high (the want of antibiotics in about 
the first lialf of our reported thirty-four cases may have been a factor m 
this), and because of the ease with which the acutely inflamed gall- 
bladder might be removed. It was only after a critical analysis of the 
entire group of thirty-four cases that we recognized the defects of this 
commonly accepted practice as applied to patients of this type and re- 
verted to our original plan. 

The emergencies causetl by disease of the biliary tract in this group 
were of two varieties. One consisted of occlusion of the common duct 
(fifteen cases), with rapidly advancing jaundice. In six of these, acute 
cliolccj’stitis was also present. Exploration of the common duct with 
T-tubc drainage alone was done in two cases, and common duct drainage 
with cholecystostomy in three. All five patients died. Cholecystostomy 
alone was done three times for obslniclive jaundice with one recovery. 
Cholecystgastrostoray was performed twice for obstructing cancer with 
one death and one early survival. Common duct drainage with chole- 
cystectomy was done five times, with three deaths and two successful 
results. Tlie severity of this emergency may be judged from the fact 
that of fifteen p.alicnts presenting obstructive jaundice, eleven failed 
to survive. These operations were performed, on the average, about the 
tenth day from the onset. This lajwe of lime represents the delay inci- 
dental to attempts to establish the correct diagnosis and to bring the 
patient into optimum operable condition. There is no doubt that some 
would have benefited from earlier inten'ention. 

The other type of emergency, acute cholecystitis uncoroplicaled by 
obstruction of the common duct, was represented by nineteen ca'.es. 
Cholecystostomy with drainage was done in ten, with four recowries 
and six deaths. Two of the deaths were due to peritonitis whicJi was 
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present at tbe time of operation, resulting from early perforation of the 
gallbladder. Cliolecystectomy was performed in the remaining nine, 
with five recoveries and four deaths. Two of these deaths also resulted 
from peritonitis due to perforations found at operation. The third day 
after onset was the average time for tlie performance of these operations. 
The presence of seven perforations in nineteen cases (four of them oc- 
curring within fortj’-eight hours of the onset of symptoms) emphasizes 
the importance of early intervention, particularl}' in patients of this 
tjT)e. 

Since, in acute cholecystitis, cholecystostomy showed a mortalitj’ of 
66 per cent as against 44 per cent in those cases where cholecystectomy 
was done, it would seem to be the logical inference that cholecystectomy 
is the preferred procedure. There were, however, certain other factors 
involved which served to modifj’ this conclusion. The figures fail to take 
into account the individual patient’s age, general condition and coinci- 
dental ailments. In most instances in which cholecystostomy was done 
during this period, it was adopted because the surgeon, owing to the 
patient’s condition, did not dare to perform the preferred cholecystec- 
tomy. In the presence of established peritonitis from perforation, both 
procedures were equally ineffective in saving the patients. 

As will be seen in Tabic 1, the over-all mortality rate in the group of 
urgent biliary tract cases was 62 per cent. Althougli the average day of 
death postoperatively was the twenly-fifth> and fourteen of tlie twenty- 
one fatalities resulted from incidental conditions not directly related to 
the disease for which operation was performed, we have chosen to include 
in the postoperative mortality any death that occurred while the patient 
was still under our observation and control. Seven deaths (four from 
peritonitis, one each from parotitis, liv'cr abscess and gas bacillus septi- 
cemia) attributable to the disease represent tbc largest group of fatali- 
ties. Pneumonia (six) and cardiac failure or coronary occlusion (she), 
some of whicli cases occurred early and some late, together were re- 
sponsible for more than half of Uie deaths. Cardiac failure, coronary’ in- 
farction, cerebral hemorrhage and other accidents reflecting pre-existing 
or intercurrent disease, must be anticipated and reckoned with in dealing 
witli patients of this type. Together they argue for the desirability of 
prompt and rapul surgical relief and the employment of the least trau- 
matic procedure that will meet the emergency.® 

Conclusions Draun from Study. — ^Tlie completion of this study left 
us profoundly dissatisfietl with the results of urgent surgery on the 
biliary system in patients in this age group. Granted that the mortality 
mlc was, ji.s A\c liad found, influencesl largelj’ by the patient’s pre-existing 
ailments, it was nevertheless fell that improvement should be sought. 
To this end we returned to the policy, originally enunciated, of doing no 
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more surgery in face of an acute emergency than was demanded to 
relieve the situation and save life. This policy has since been adhered to 
even in those patients whose condition seem^ relatively good, and even 
when it seemed likely that a secondary operation might be needed to 
remove the basic difficulty. 

In practical terms this meant the employment of simple cholecystos- 
tomy, the removal of stones from the gallbladder, and the institution of 


TABLE I 


Acute CnoLEcranTis and Conuon Duct Obstruction 
Cases' 34 Average Age* 73 

(MlOiaitUQ-fil Marimirm- 0]) 
PreoperaUve Condition Aoestliesia 


Arteriosclerosis . . 
Arteriosclerotic heart disease 
Diabetes .... 

Pyelonephritis 
Nephritis 
Cerebral accident 
Coronary accident 
Valvular heart disease 
Tuberculosis (milury) 
Neurosyphilis 

Amyotrophic lateral sclerosis 
Paralysis agitans 

Operative Condition 

Cholecystitis 

(Perforated or gangrenous, 7 ) 
Obstructed common duct 
(6 with cholecystitis) 

Biliary carcinoma 
Biliary stone 

Day of Operation 
Cholecystitis (av ) 

Obstructed duct (av ) 


27 Cyclopropane 
Local 

1 (Local with pentothal, 1) 

3 Ether 

14 

3 Cause of Death 

3 Pentooitis 

1 Pneumonia 

1 Catdiac failure or coronary 

f Cerebral accident 

1 Other causes' 

1 Parotitis 

liver abscesses 
Gas bacillus septicemia 
Septic fractured bip (pinned) 
(Late deaths carcinoma, 4) 

Result 

-j. Recovered 

Died 

Total mortality rate 
3 Cholecystitis 

10 Obstructed duct 


22 

11 


1 


13 

21 

62 % 

50% 

73% 


drainage where this procedure would suffice to relieve a hydrops of the 
gallbladder, an acute suppurative cholecystitis or an acute jaundice 
from obstruction in the common duel. This policy was followed even 
when the removal of the gallbladder appeared temptinglj’ easy, for we 
believed that even a technically simple cholecystectomy added appre- 
ciably to the risk. For the gallbladder that showed beginning gangrenous 
changes, drainage into it and outside it was supplied. \Vhere, in obstruc- 
tive jaundice, a cholecystostomy produced a free flow of bile through the 
cystic duct, no more was done. AMien this flow did not occur, the^com- 
mon duct was drained as well, and, if readily available, an obstructing 
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stone removed. Tlie gallbladder was, in such instances, not extirpated. 
As before, all possible measures of preparation, support and prophylaxis 
were invoked in the patient’s aid and efforts were renewed to insure early 
operative intervention. 

Our plan of postoperative treatment was not essentially modified. 
This consisted in the employment of oxj’gen for six hours or more after 
operation, tlie use of transfusions, fluids administered preferably hy 
hypodermoclysis to avoid overloading the circulation, the sparbg use 
of salt and of depressing narcotics and the liberal administration of anti- 
biotics, vitamins and protein hydrolysates. Such patients were taken 
out of bed usually on the day following operation, and when they could 
do so, were encouraged to walk a few steps. 

Results Since Readoption of Principle of Performing the Least For- 
midable Surgical Procedure That Will Meet Immediate Needs. — Since 
the readoption of this plan, there have been seven patients on our service 
who fulfilled these criteria. Their average age was 74, the oltlest being 
89. They suffered from the diseases of deterioration characteristic of this 
group. Prominent among these were arteriosclerotic heart disease, hyper- 
tension, nephritis and obesity. One, tlie patient whose case has been 
cited, was diabetic and had had an amputation. 

The surgical diagnosis of acute cholecystitis with cholelithiasis was 
made in all and operation performed early. In one there was an asso- 
ciated acute cholangitis and one patient had a stone impacted in the 
common duct (both were acutely jaundiced). Two were noted as having 
empyema of the gallbladder. None of the gallbladders had perforated, 
tliough one Was partially gangrenous. 

In each case cholecyslostotuy was performed, with removal of stones 
from the gallbladder and institution of drainage. In one case an im- 
pacted stone was removed from the common duct as well, and a T-tube 
inserted. 

Posloperatively one patient suffered a partial wound dehiscence, one 
developed atelectasis, and another bronchopneumonia. All seven pa- 
tients recovered and the fistulas healed in all but two. The patient whose 
case we have described was one of these. The other was operated upon, 
after careful and leisurely preparation, some six weeks later under far 
more favorable circumstances tlian those attending the acute emergency. 
A necessary cholecystectomy was performed and uneventful recovery 
followed. 

It is of interest to note that one of these patients, 79 years of age, had 
had a cholecj’stostomy for a similar episode one year prenously. Also 
of interest is the fact that during the period immediately preceding our 
change of policy, four patients, 65 years of age or over, were subjected 
to cholet^'slectomy for acute cholecystitis, and three died. 



370 


LOUIS M. ROUSSEtOT 


orders amenable to surgery, Fuodamentais are never to be shunned, and 
a careful history and physical examination of the patient are the starting 
point in any diagnostic nrork-up. Certain clues ■will thereby be estab- 
lished. Lymph node enlargement may immediately suggest biopsy and 
thus early diagnosis. Inspection of the aclerae may show the pingueculae 
associated with Gaucher's disease or the mild icterus of a cirrhosis or 
hemolytic anemia. Petechiae may suggest an hemorrhagic diatiiesis. 

We have found llie subsequent outline useful in the systematic study 
of conditions involving the spleen. 

1. History and physical examination 
52 Blood studies 

a. Complete blood count, including platelet determmatian; red cel! 
fragility test, smears for spherical microcytes; sedimeatation rate, 
Qoombs test; Kahn or Alazzini test 

b Bleeding, clotting times, and prothrombin time 
S. Tissue biopsy (skin, bone marrorr, Ijmph node, liver, spleen) 

4. X-ray studies (as indicated) 
a Bsopbagram for varices 

b. Gastrointestinal senes 
c Barium enema 

d. Intravenous pyefogram 

e Flat fiJm of the abdomen 
{ Bones 

5 Liver function tests 
a Bromsulfalein test 
b Hanger (cephalin flocculation) lest 
c Serum protein determination (albumin, globiiim) 
d Scrum phosphatase 

e. Serum bilirubin 
<?. Miscellaneous 

n. Capillary fragility test 
b. Mantoux test 

c Blood chemistry (other th^n above if indicated) 

COSDITIONS IX WHICH SPtEXECTOilY IS ZNDfCATEn 
Adjunct to Other Surgery, — ^Jn surgical therapy involviug organs con- 
tiguous with tlie spleen, it is often mandatorj’ to do a splenectomy. Car- 
cinomas of the stomach, adjacent eolon or pancreas often require such a 
procedure along with removal of the primary growth. Paacreatic resec- 
tion in h}'peria9ulinism may so compromise the .splenic vein that removal 
of the spleen is inevitable. 

' Anomalies.— The usual splenic attachments are sucli that very little 
motion of the spleen takes place. Rarely as a result of developmental 
anomalies an unusuailj- long pedicle is formed, A so-called moWte spleen 
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may then be encountered. Var 3 ’ing degrees of pain maj* follow due to 
drag on, or torsion of, the pedicle. Repeated “attacks” maj* recur over 
a period of time or a single irreducible towion may precipitate a vascular 
occlusion and massive infarction of the spleen. The first situation calls 
for elective operation whereas the latter is a surgical emergencj*. 

Rupture. — Rupture of the spleen maj' be either tnimnatic or as a 
spontaneous incident unrelated to anj* form of trauma. The traumatic 
form may be the result of direct violence or “contrecoup.” Furthermore, 
the injurj’ maj’ be associated with an open communicating wound of 
chest or abdomen. Traumatic or so-called subcutaneous rupture of the 
spleen ma\* present single or multiple lacerations of pulp substance, and 
in severe cases damage to the hilar vessels. With the exception of a\Til- 
sion of the pedicle, IMcIndoe’s classification of splenic tears summarizes 
the variations encountered: (1) minor superficial capsular rupture or 
slight splenic contusion producing parenchjTnal ecch\'mosis; (2) intra- 
splenic hematoma and subcapsular hemorrhage without capsular rup- 
ture; (3) capsular and parenchymal rupture with perisplenic hematoma. 

The splenic rupture, of course, may be complicated bj' multiple in* 
juries involving other viscera. Prompt splenectomy of the rupture<l 
spleen carries little or no morlalitj'. With associated injuries to other 
organs, the mortality jumps alarmingK’. 

Spontaneous rupture of the spleen is a rare occurrence that merits 
comment. As the e.vpression Implies, rupture occurs without trauma, i.e., 
spontaneously. In most instances, the spontaneous rupture develops in 
an alreadj* diseased organ. IMalarial spleens, and the infarcted spleen in 
subacute bacterial endocarditis, have been kno^m to rupture spontane- 
ously. Spontaneous rupture, however, is a potential threat in anj* form 
of splenomegaly*. In cither type of rupture, pain, tenderness and muscle 
spasm in the left hypochondrium, together ^ith the classical symptoms 
and signs of inlra-abflominal hemorrhage, should suggest the diagnosis. 
However, the symptoms and signs arc occasionally masked in certain 
cases. The oft-described “latent period of Baudet” is a clinical variant 
peculiar to some splenic ruptures. Follo^-ing'severe trauma and early 
shock tlie patient apparently quickly responds to shock therapy. One 
maj' thereby be lulled into a feeling of security. Following a varying 
period of well-being, the patient again suddenly slips into a state of pro- 
found shock for the second time. Failure to check blood pressure and 
pulse at frequent intervals may result in this catastrophe. Small capsular 
tears with initial hemorrhage and then dot tamponade will produce the 
picture. Likewise, subcapsular hemorrh<age with moderate blood loss 
contained within a ballooning capsule and later break-through of the 
oveJtlislended “bag of blood” has also been described as a mechanism. 
A side nail tear of the major artery or vein or complete a\’ulsion of the 
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pedicle will promptly declare itself in terms of massive intraabdomiiul 
bleeding. 

Complete sjilcnectomy is still the only safe therapy. The iise of o.xi- 
clizeil gauze, gelfoam or similar materials is, in the author’s opinion, 
unsafe in the light of our present experience, in the peculiar vascular and 
soft, spongy tissue of the spleen. 

Hemolytic Icterus. — ^The clinical and hematological manifestation of 
hemolytic or acholuric jaundice has been the source of much discussion 
and controversy over a period of years. This confusion m the minds of 
our medical colleagues has unfortunately been transmitted into varj’ing 
results following splenectomy if certain rigid standards are not ad- 
hered to 

In this country it is now a quite generally accepted dictum that there 
are two types of hemolytic iclcnis: (1) congenital hemolytic icterus and 
(2) acquired hemolytic icterus 

Congenital Form . — The congenital form was first described by Ihn- 
kowski. A strong familial history is usually elicited and there is common 
agreement that the condition is transmitted as a mendehan dominant 
character Certain clinical and hematological features must also be 
present to classify a case in the congenital group Clinical signs include 
transient mild, to severe, icterus, varying degrees of anemia, and sple- 
nomegaly. In its milder forms the disease is often never recognized. 
With severe hemolytic crises profound anemia, pyrexia and prostration 
are the rule. Unchecked by transfusion or splenectomy, a severe hemo- 
lytic crisis may rapidly progress to death Blood studies in the congenital 
form will reveal, besides the anemia, increased fragility of the red cells 
to hypotonic saline, reticuloeytosis and usually the presence of spherical 
microcytes in varying percentages. The leukocj’tic series remains un- 
changed and the thrombocyte count is normal. Given all the foregoing 
factors one can with reasonable assurance make a diagnosis of congenital 
hemolytic icterus. Unfortunately, however, this ideal is not always en- 
countered 

The most difficult and disturbing cases are those in which all these 
cirteria are not present. Reference is made to those cases in which no 
familial history can be elicited and in which the patients are extremely 
ill, showing evidence of marked hemolj'tic activity, with few or no sphero- 
cytes and little increase in the re«l cell fragility. This type of case poses 
a serious decision for the surgeon. A few years back it would have been 
extremely difficult to differentiate this latter type of case from the ac- 
(juired form. Believing it was the latter, and knowing the brilliant results 
of splenectomy in congenital hemolytic jaundice, and contrariwise, the 
generally poor results in acquired hemolytic icterus, the surgeon might 
well have decided to avoid surgery and thereby probably lose the patient. 

Recently, we have come to place great reliance on the use of a new 
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diagnostic test first described by Coombs- This investigator found that 
in cases of acquired hemolytic icterus a suspension of the patient’s cells 
when mixed with diluted antihuman rabbit serum would produce macro- 
scopic agglutination of the patient’s cells after one hour. This he called 
a “positive test” that is indicative of acquired hemolytic icterus. Failure 
to produce agglutination of the jjalient’s red cells was called a “negative 
test” and was indicative of congenital hemoUdic icterus. 

These initial obsen’ations have been confirmed by Boorman, who 
found the test consistently accurate in a reasonably large series of cases 
in both the congenital and acquired cale^iy. 

We, likewise, in a limited number of our own cases, have found it 
regularly trustworthy. The value of such a test may be judged from the 
following examples. 

Within the past two jtars we have had two cases of hemolj'tic jaundice in 
infants under two years of age. In the first, a boy of six weeks had a proven 
familial historj* of the disease and a severe hemob'tic anemia was present, but a 
fragility test bordered on the normal. Response to transfusions had been lack- 
ing and his blood was hemolyzing faster than it could be administered. The 
Coombs test proved negative. Blth the diagnosis of congenital hemolWic icterus 
thus supported, a splenectomy was done with ever}’ eipectation of cure, and he 
had prompt cessation of hcmobiic acliWty 

Shortly afterw-ards, a tn-o months’ old male infant was studied with an almost 
identical blood picture and clinical course. However, no fanulial historj* was 
obtainable and the Coombs test was positive A diagnosis of acquired hemo- 
l>iic icterus was made. .Again, transfusions and medical management developed 
mto a losing game. As a last resort, splenectomy was decided upon, knowing 
full well that the prognosis in the so-called acquired hemolj'tic icterus is poor 
m most cases. The infant surs-ived operation and the result has been one of 
diminished hemolj'tic activitj' requiring oolj- periodic transfusions. Although 
this proved life-saving, it bj' no means approaches the dramatic and practfcallj' 
100 per cent cure rate in congenital hemolytic icterus. 

Tlie outline in Table 1 has provcel a useful guide to us in differentiating 
cases of congenital from acquired acholuric jaundice. 

Not infrequently hemolytic jaundice is complicated by the coe.xistence 
of calculous disease of tlie biliary tract. -As a result of prolonged hemolj'tic 
actiritj', pure pigment stones arc often formed. This incidence of gall- 
stones in hemolj'tic jaundice has variouslj' been rei>orle<I as between 
50 and 75 per cent of all cases. The characteristic clinical picture of 
bUiarj' tract disease maj' then be superimposed on llic alreadj' active 
hemolj’tic jaundice. Cholecj'stogram will usuallj’ confirm the diagnosis 
and cholecj'slecloinj' with or without cotiitnun duct exploration inaj* 
have to be carried out. Routine cholecj’sleclomj' can be performed at the 
same time as splenectomj* if the patient’s condition warrants it. This is 
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ecsily done through a long trans\'er5e upper abdominal incision. If the 
patient is greatly depleted as the result of acute severe hemolytic activ- 
ity, splenectomy had better be done first and cholecj’stectomy at a later 
date. 

Ever since Lord Dawson of Penn gave his memorable report on the 
efficacy of splenectomy in congenital hemolytic icterus, it has been uni- 
versally recorded tliat a prompt and permanent remission will follow 
splenectomy in nearly 100 per cent of these cases. It is of interest that 
we have witnessed tlie onset of first symptoms in this disease as early as 
six weeks of age and as late as the sixtii decade of life. Although a few 
rare cases of failure to cure have been reported, these have occurred only 
in instances in which splenic tissue has been retained by the host, either 


TABLE I 


DiFFERE-VTUTIOK op CoN'OENTPAl, AXD ACQTnREO AcBOLUSIC JaCNT5ICE 


Coag«niUl Hemo- 
lytic Icterus 

Familul hiUory UstuOy present 


Splenomegaly 

Hemoglobin and red blood cells 
Reticulocytes 

Serum bilirubin 
Spherical microcytes 

Red cell fragility 
Coombs test 

Associated primary cause (e g , infec- 
tions, drugs, lymphosarcoma, Hodg- 
kin’s dise.'ise) 


Present 

Anemia 

Slight to marked ele- 
vation 
Elevated 

Usually a prominent 
feature 

Usually increased 
Negative 


Not present 


Acquired Hemolytic 
Icterus 

Absent (except In rare 
instances) 

Present 

Anemia 

Slight to marked ele- 
vation 
Elevated 

Not prominent, often 
absent 

Usually normal 
Positive 


Often present, as basic 
lesion 


in the form of accessory spleens, or in such a bizarre occurrence as a 
coexisting abdominal teratoma with splenic tissue. Failure to obtain a 
reversal of the hemolytic process should immediately prompt the surgeon 
to suspect the existence of retained splenic tissue. Of further concern to 
the surgeon is the possibility of seeding peritoneal imphints by rough 
handling and tearing of the splenic capsule during surgery. Splenic tissue 
has a surprising predilection to carry on an almost saprophytic existence, 
if it is spilled over peritoneal surfaces. This has been described as a not 
infrequent sequel in traumatic rupture of the spleen. It is easy to under- 
stand how eompensatorj' hj’perplasia of new spenic implants might 
occur in such diseases as hcmoU’tic icterus or purpura liaemorrhagica. 
with resulting clinical failure. 

Acqttired Form . — In acquired hemolytic icterus, the role of surgeiy 
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is much more limited. A primary cause should be searched fop iu every 
instance, such as an infectious process, drug idiosyncrasy, IjTuphosar- 
coma, Hodgkin’s disease and Cooley’s anemia. AMienever the primary 
mechanism can be controlled, as in infection or drug sensitivity, indi- 
cated steps should be taken. ^Vhether the hemolytic process be idio- 
pathic or secondary, transfusion is the sustaining treatment we must 
constantly rely upon. ^Mien, in spite of repeated transfusions it becomes 
impossible to maintain an adequate blood level, then splenectomy must 
often be considered as the hope of last resort. Our experience has been 
generally disappointing in this group. Surgery offers very little more 
than a 15 per cent chance of arrest of tlie hemolytic activity, with 85 per 
cent unaffected by removal of the spleen. Surprises are of sufficient fre- 
quency, however, for the surgeon to continue to adopt a watcliful and 
critical altitude towards these cases. Tlie succeeding section on hyper- 
splenism is pertinent to this discussion and we shall accordingly defer 
further comment until that point. 

Certain additional points in the management of these cases of hem- 
olytic icterus are worthy of note. As far as possible, transfusion is with- 
held in the twenty-four to forty-eight hour period immediately preceding 
surgery, as in some cases transfusion may precipitate a severe hemolytic 
crisis at or about the time of operation. If possible, blood is withheld 
during this operative phase until just after the splenic artery is clamped. 
Blood can then be given with little risk. 

Buring the postoperative period we have found that frequent reticulo- 
cyte counts, along with serum bilirubin determinations, proride an 
accurate index of the rate of clinical improvement. 

Idiopathic Purpura Haemoirhagica. — Singularly enough, few ad- 
vances in our knowledge of the etiology and management of this condi- 
tion have developed in the past decade. Its pathogenesis still remains 
obscure, although the proponents of “hj’pcrsplenism” believe that the 
spleen exercises a primary role in selective sequestration of the throm- 
bocytes. 

The diagnostic features so prominent in this disease have been fre- 
quently and amply established in medical literature. The disease, besides 
being “idiopathic,” occurs in acute and chronic forms. It is characterized 
by a tendency to bleed from skin, mucous membranes, or into connective 
tissue or any riscus. Petechiae, purpuric spots, and gum bleeding arc 
risible clues. Internal bleeding into viscera can give protean signs and 
sjTnptoms depending on the site and organ involved. 

Besides the secondary type of anemia, the dominant blood features 
are the quantitative reduction of platelets and prolonged bleeding time. 
In addition, some believe that increased capillary perme.ibility also 
adds to the hemorrhagic tendency. 
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The chronic forms of the disease usually offer little difficulty in diag- 
nosis. It must be “idiopathic,” not secondary to infection, pyogenic or 
tuberculosis. Drugs and poisons must be ruled out The primary anemias, 
leukemias and aplastic anemia should be carefully excluded by blood 
count, blood smears and sternal marrow biopsy In the chronic forms, 
time allows for repeated blood studies and thereby reinforcement of 
clinical impression. 

The acute fulminating forms of purpura often prove the most difficult 
to diagnose. Not infrequently, the severity and speed of the process 
precludes prolonged diagnostic study. In these cases, repeated blood 
transfusions often fail to hold the dike and an emergency splenectomy 
must be accepted as a life-saving resort. This will give dramatic results 
in most cases, be they in the typical idiopathic group or even in those 
purpuras secondary to drugs, toxin or infections. 

Elliott’s interesting studies have shown the equal sex distributiou in 
childhood and the female dominance during adolescence, puberty and 
adult life. Spontaneous remissions are the rule in childhood but occa- 
sionally a fulminating case occurs in this group, uncontrolled by trans- 
fusion. Splenectomy then must be resorted to to save life or prevent 
fatal blood loss or irreparable damage to brain, retina or kidney. 

In the second decade, spontaneous remissions arc unusual and, in 
cases of active bleeding, splenectomy can be predicted to give a complete 
arrest of the bleeding tendency in 00 per cent or more of the cases As 
Elliott has shown, the medical control of this group offers no such com- 
parable results. The operati%’e mortality in a series of over sixty-three 
cases from the Presbyterian Hospital group was zero. 

Hypersplenism. — As a sequel to the two preceding sections, it seems 
timely to present a recent contribution to the field of hematology. Witbm 
the past few years, Doan and his co-workers, and Damashek at still 
another clinic, have advanced a new classification of splenic disease. 
These invesligalors have described what they believe to be a clinical 
entity, which they have designated as “hypersplenism.” Hj^persplenism, 
they maintain, is a functional disturbance and not a specific pathological 
entity. Except for those cases due to a known cause, the splenic histology 
is unrcvcaling, showing “nonspecific hyperplasia.” 

Two divergent theories have been advanced to explain the patho- 
genesis of this syndrome. The “sequestration” theory of Doan and his 
associates involves the phagocytosis of one or more of the cellular ele- 
ments of the blood, by the spleen. Thus phagocytosis of large numbers of: 
Er>’throc>-tcs — > Hemolytic aueinia 

Leukocytes - ■ — > Neutropenia 

Platelets » Idiopathic purpura 

All three of above * Panhematopenia 
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As an alternative hypothesis, Damashek holds that the spleen nor« 
mally exerts a hormonal inhibitory action on bone marrow blood forma- 
tion. If this inhibitory action is exa^eratcd, depression of one or more 
of the cellular elements and hypcrsplenism may occur. 

The term “hypcrsplenism” is thus disturbingly all-inclusive. The so- 
called primary forms include splenic neutropenia with or without 
thrombocytopenia j splenic pancytopenia with nonhemolytic anemia 
and, lastly, splenic pancytopenia with hemolytic anemia. 

Hypersplenism and these eytopenias may be associated with a variety 
of known causes, such as Gaucher’s disease, cirrhosis of the liver, Hodg- 
kin’s disease, l^Tnphomas, syphilis, kala-azar, tuberculosis of the spleen, 

TABLE e 

In'DICATJON'S for SFLENECTOur 

Splcnccloioy May Be Indicated 
Hypersplenism 
Splenic neutropenia 
Acquired bemolytic icterus 
(infectious, toxic lymphoblastoma) 
Secondary purpura liaemorrbagica 

A. Infectious 
1. Pyogenic 
3. Mtliary tuberculosis 

B. Toxic 
1. Prugs 
S. Cbemicab 

Lympbobtastoma 

A. Giant lymph follicle hyperplasia 

B. Lymphosarcoma 
Gaueber’s dbease 
Boeck’s sarcoid 
Tuberculosis of spleen 
Schistosomiasis 

Splenomegaly of unknown etiology 

and malaria. Because of this confusing array of terms, tlie decision as to 
which cases are suitable for splenectomy might at first glance seem 
difiicult. 

Mith the possible exception of the group of primary splenic neutro- 
penia, we still adhere to tlie classification and operative indications 
given under the other paragraph headings in this paper, and as grouped 
in the accompanying Table 2. 

Congestive Splenomegaly — Portal Hypertension. — The terms “Banti’s 
disease” and “splenic anemia” are finally being superseded by the newer 
and more descriptive captions of “congestive splenomegaly” and “portal 
hypertension.” 

The modem concept of the palhogenes'c; of this syndrome has been 


Splenectomy Indicated 
Adjunct to other surgery 
AnomaHes 
Rupture 

Congenital hemolytic icterus 
Idiopathic purpura baemorrbaglca 
Congestive splenomegaly 
(portal hj-perteoslon) 
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receiving increasing support from many students of this subject. Based 
on a considerable array of evddence, it is our opinion that the syndrome 
is the result of portal bed block with a concomitant state of portal hyper- 
tension. The portal bed obslniction may be either (1) intrahepatic or 
(2) extrahepatic. The hepatic group includes several lesions producing 
scarring and re.'oiltant compression about the portal section of the liver 
lobule. Only by involvement of a sufficiently large number of portal 
spaces with blockage of the major volume of portal flow will congestive 
splenomegaly ensue. It is probably for this reason that only a relatively 
small percentage of cases of cirrhosis of the liver (not over 20 per cent) 
develop an associated congestive splenomegaly. Table 3 is an outline of 

TABLE 3 

Site akd Ttpe or Lesion PBOorerxe Coxgestive Splevoueoalt 
I. Intrahepatic block 

Cirrhosis of the hver 
a Laennec cirrhosis 
b Schistosomiasis 
c Biliary cirrhosis 
d. Infectious hepatitis 

n. Extrahepatic block 

A Stenosis of vein (portal or splenic) 

1 Congenital 

4 Acquired (phlebosclerosis) 

B Compression of vein 

1 Inflammatory cicatnx (following pancreatitis, cholangitis, etc ) 

3. Pancreatic cyst 

8 Tumors 

4. Aneurysm of splenic artery 

C Thrombosis of vein (portal or spknic) 

1. Inflammatory 

2. Traumatic 

our experience of the site and tj-pe of lesions capable of producing the 
syndrome under discussion. 

Tlie basic clinical and hematological findings are fairly consistent in 
all cases, with additional overlays dependent on whether or not there 
is a primary cirrhosis of the lis'er. Asthenia, pallor, splenomegaly, anemia, 
leukopenia and tlirombocytopenia will be encountered in the cases due 
both to intrahepatic or extrahepalic block. The dread sjunplom of hema- 
temesis occurs in botb. Hepatomegaly, icterus, ascites and a macrocytic 
Ij^pe of anemia may be added to the forgoing if cirrhosis of the liver is 
present. 

During severe hemorrhage from esophageal varices or lower in the 
gastrointestinal tract the clinical picture will be further altered. Severe 
grades of anemia in this syndrome are usually only present after m- 
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teslinal hemorrhage. In the posthemorrhagic state, there is also a 
marked diminution in the size of the spleen. The splenomegaly will again 
rapidly become apparent after restoring blood volume to normal. 

The preoperative studies in these cases, as emphasized earlier, should 
include a careful evaluation of liver and renal function. It is of para- 
mount importance to determine ’whether or not cirrhosis is present. The 
existence of cirrhosis alters our preoperative management and, on a 
comparable basis with those cases without it, greatly alters our estimate 
of operative mortality and late results. 

As mentioned in earlier communications, the ultimate prognosis and 
selection of the type of surgical therapy in anj' given case of portal hyper- 
tension will depend on these points: (1) the nature of the obstructive 
factor, (2) its location, (3) the degree of portal hj-pertension, and (4) 
the efficiency of collateral circulation. 

Banti early recommended splenectomy in what he cliaracterized as 
the “first stage” of the disease. Thus splenectomy has essentially re- 
mained the basic surgical therapy until recently. .\Uhough some patients 
with congestive splenomegaly and associated gastrointestinal bleeding 
had e.xcellent results, witli cessation of bleeding folloning splenectomy 
alone (usually those with the block close to spleen), many others (those 
Vidlh intrahepalic block or block close to porta of liver), continued to 
have recurring hematemesis and/or meicna, Tiic majority of this latter 
group would eventually succumb to an c.Ysanguinating hemorrhage. 

Thus it wasobrious that splenectomy alone did not prevent recurrence 
of hcanorrhage. Since the failure and ultimate death in the noncirrhotic 
group is almost always due to hemorrhage, numerous technics have been 
evolved in an attempt to control this ominous complication. In the group 
with the intrahepatic block (i.e., cirrho.sis), we have the added problem 
of liver decompensation and all its attendant possibilities. Direct at- 
tempts to control esophageal bleeding include the following procedures : 

(1) injection of sclerosing solutions into the \’arices via esophagoscope; 

(2) ligation of veins about cardia of stomach ; (3) esophagogastrectomy ; 
(4) packing of superior mcfliastiuum; and (5) portacaval shunts. The 
last three mentioned procedures are all of recent origin, all admittedly 
“on trial” and all with their respective proponents. Garlock’s operation 
mvolves packing of the periesophageal tissues in the superior mediasti- 
num. Pliemisler has reported a few cases in which he lias resected lower 
esophagus and pro.ximal stomach in an attempt to control bleeding. 

Combined splenectomy and portacaval skvnt has evoU'ed in TMiippIe’s 
Spleen Clinic and was the sequel of experimental, pathological and cHui- 
cal studies pursued over a period of years. This group believes that 
jiortal hyiierlcnsion is an essential factor in all these cases of bleeding. 
In addition, this author does not believe that all bleeding occurs from 
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esophageal varices. Inasmuch as portal bed block frequently involves 
blockage of the entire return flow of the superior mesenteric and inferior 
mesenteric veins in addition to the gastric component, it is not unreason- 
able to believe that bleeding may occur at any level along the intestinal 
tract. Pathologists are frequently at a loss to demonstrate a specific 
blee<ling point in an esophageal varuc following lethal gastrointestinal 
hemorrhage. The clinical feature of melena is not infrequently the only 
manifestation of bleeding. IVIight this not represent lower intestinal 
bleeding? 

The rationale of a large venous shunt from the portal system to the 
caval system is thus apparent. On the basis of our present knowledge, it 
is felt that the surgical procedure of choice is the combined (one-stage) 
splenectomy and portacaval shunt Both Linton and the author feel 
that the surgeon operating on this Ij-pe of case should be prepared to 
carrj’ out not onlj’ splenectomy but the formidable vascular anastomosis 
The tcclinics now in use in several clinics have been described. The use 
of vitallium tubes seems to be on the wane and direct suture anastomosis 
of splenic vein or portal vein to some large branch of the caval system is 
now the technic of choice. Adequate surgical exposure is only one essen- 
tial to carry out effectively the meticulous technic involved in vascular 
surgery, ^^’hcrea8 our earlier cases were all done by the abdominal route, 
we now favor the combined thoraco-abdominal approach In this a trans- 
verse upper abdominal incision is continued laterally over the chest wall. 
The thoracic component is carried through either the tenth or eighth 
interspace to the mid-axillary line. The eases of congestive splenomegaly 
with cirrhosis of the liver should be selected with great care before sur- 
gerj' is contemplated. A relative state of hepatic compensation must be 
present and anemia and hypoproleinemia corrected by transfusion. In 
addition, prior to operation, these patients are placed on a high protein, 
high carbohydrate diet, with concentrated xatamin supplements. This 
is instituted and carried out for weeks to months prior to operation 

The two types of shunts used are (1) the splenorenal, i e., end of 
splenic vein to side of renal vein, with retention of the kidney ; and (2) 
the po^tal'Ca^’al, i e., end of portal wti to side of inferior vena cava or 
side of portal vein to side of portal vein 

Another tj^pe of case in which portacaval shunt is under trial is the 
postsplenectomy bleeder. This type of case poses serious technical diffi- 
culties. The splenic slump is usually a firm, organized thrombus as the 
result of pre\'ious splenectomy and, therefore, unusable. Hie operator 
must, therefore, carefully explore the main tributaries of the portal bed 
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for a large vein to form the proximal limb of the shunt. The possible 
couplings described to date by various surgeons include; 

1. Superior mesenteric vein to inferior vena cava — end to side. 

2. Inferior mesenteric vein to left renal vein— end to side. 

3. Inferior mesenteric vein to inferior vena cava — end to side. 

4. Splenic vein to inferior vena cava — end to side, 

5. Double shunt at bifurcation of left renal vein after nephrectomy. 

a. Splenic vein to one branch. 

b. Inferior mesenteric vein to other branch (both as end-to-end sutures). 

0. Portal vein to inferior vena cava. 

SUMNfARY 

1. Clinical and ‘laboratory aids in the diagnosis of the “surgical 
splenopathies” are outlined. The value of a new blood test to differentiate 
the congenital from the acquired type of hemolytic icterus is stressed. 

3. The evolution of generic terms in splenic disease to more definitive 
terms is discussed. 

3. The specific indications for surgery of the spleen are outlined, 
together witli a listing of those conditions in which splenectomy is occa- 
sionally of value.' 

4 . New surgical procedures have been developed as an adjunct to 
splenectomy in an attempt to solve the serious problem of gastrointestinal 
bleeding in congestive splenomegaly. 

5. Combined (one-stage) splenectomy and portacaval shunt is advo- 
cated for the treatment of congestive splenomegaly (portal hyper- 
tension). 
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THE TREATMENT OF HEMORRHOIDS 


Max P. Cowett, M.D.* 

In sampling 200 reports of operations for hemorrhoids on various 
services there were sixteen different methods employed. Several years 
ago a review of the proctologic literature was stopped after descriptions 
of over 100 different procedures in hemorrhoidal surgery were read. 

\Mien one proposes to write comprehensively on the treatment of 
hemorrhoids, he is readily aware tliat the task requires a manuscript of 
considerable size. This paper will describe only the type of operation the 
author employs and a new sclerosing solution that we are using in the 
injection treatment of hemorrhoids on the Third (New York Univer- 
sity) Surreal Division of Bellevnie Hospital. 

OPERATIVE TREATMENT 

The operative treatment of hemorrhoids is based upon one of two 
principles; bringing about atrophy of the hemorrhoidal tumors by shut- 
tingoff their blood supply, and radical surgical removal. The latter proce- 
dure is the better. 

The objective in treatment is to maintain or restore the normal 
anatomy of the anus and rectum as far as possible. This objective is 
achieved by an operation whicli, 

1. Removes all the vascular tumors. 

2. Prevents complications such as bleeding, infection, urinary reten- 
tion, stricture, loss of sphincter control. 

3. Minimizes or obviates postoperative pain. 

The following procedure has been adoptetl as meeting tlie requirements 
of the operation. It is a simple excision and ligature operation and was 
first demonstrated by Jerome M. Lynch. This operation makes use of 
a simple technic, causes minimal postoperative pain, complications and 
sequelae. 

No hemorrhoidectomies or injection of hemorrhoids are done until a 
complete rectosigmoidal c.xamination is made. 

Preoperative Management. — Patients should be as carefully prepared 
for hemorrhoidal operations as for any other delicate operation. Forty- 
eight hours before, either castor oil, milk of magnesia or compound 
licorice powder is given. On the evening before operation a water irriga- 

•Assutant Clinical Professor of Surgery (Proctology), New York UniversUy College 
of Medicine; AssUlant Visiting Surgeon, ITiinl (New York University) Surg{c.-il Division, 
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small strip of petrolatum gauze is inserted into the rectum and a small 
padding of dry gauze is applied lo the e\lercial wound and held in place 
by a T binder. 

Tlic end result of a .successful hemorrhoidectomy reveals an amis and 
rectum that is fairly smooth, inlersecte<I by three or four radiating 
linear scars. There is no edema or puffiiiess of the wound. 

Postoperative Treatment. — Postoperative pain or discomfort is 
alleviated by O.I gm. (I| grains) of nembutal or 10 mg. (i grain) of mor- 
phine sulfate. The gauze strip is removed within twenty-four hours and 
the patient takes sitz baths twice daily. On the second day a cathartic such 
as milk of magnesia or compound licorice powder is taken. Mineral oil 
is given daily for ten days after operation. An oil instillation into the 
rectum is made with a small catheter before the patient has a bowel 
movement. The patient’s stay in the hospital is three or four daj’s. No 
digital e.xamination is made until two or three weeks after operation. 

Thrombotic External Hemorrhoids.— These are one t 3 ’pe of hemor- 
rhoids that do not require hospitalization. Their surgical removal is 
ordinarily an office or clinic procedure. Thej* are small oval or round 
tumors tliat usually' come on suddenly', and are situated just beneath 
the skin or the mucocutaneous area. Tbe^* produce considerable dis- 
comfort or pain and their immediate removal is advisable. They are not 
true hemorrhoids, but thrombi in the small perianal venules. The ma- 
joril}’ of these thrombi are outside the sphincter muscle. 

Thrombotic hemorrhoids are best removed in the following fashion. 
A few cubic centimeters of 1 per cent novocain solution are injected into 
the surrounding area. The small tumor is then grasped with an Allis 
or Pennington clamp and skin and tumor mass arc excised with scissors. 
If the clot is .adherent a small curette will free the fibrous attachment. 
No suturing is necessarj’. Oozing can be controlled bj’ pressure. A small 
gauze wick with a sni.aU amount of any anestlietic ointment is inserte<l 
in the anal verge and o. small dressing applied. The gauze wick either 
comes out at bowel movement or is removed the following daj’. The 
Wound is usuallj' healed in three to five days. 

Prolapsing, thrombosed and ulceratetl hemorrhoids which have be- 
come strangulated and have considerable perianal edema are best treatetl 
paliialively by wel dressings. Operation is deferrwi for several da^-s until 
the infection and edema have subsidccl. 

IXJECTIOX TREATMENT OF INTERNAL HEMORRHOIDS 

No tronlisc on the treatment of internal hemorrhoids would be com- 
plete without a discussion of sclerosing therapy. This form of treatment 
Was held in disrepute for a long lime as it was practice<l h^' quacks and 
incoinpclcnts. However, at tliis date, ” Ij' selectc<l cases, and 
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tlic hands of competent and experienced proctologists, the injection 
treatment }jas proved successful- 

Sclerosing therapy is not to be thought of as a substitute for surgery, 
nor must it be used indiscriminately. According to Gabriel,* the objects 
of treatment are (I) to stop bleeding by obliteration of vascular, capil- 
lary nnd venous spaces, (9) to produce a submucous sclerosis which wiU 
draw up and fix loose mucous membrane. 

Selection of Cases. — Only iutemal beroorrhoids that are small and 
uncomplicated may be treateil by injection Tina method should not be 
us«l for the external type or in any case complicated by fissure, fistula, 
papilitJS, cryptitis or an which gangrene or ulceration has occurred. 

Advantages. — There .ate certain advantages that can be claimed for 
the injection treatment of hemorrhoids. 

1. It is a relatively simple tccJmic. 

9. It does not require an anesthetic 

3. 7’Iiere is no loss of time from worJe, or hospitalization, 

4. Treatment is painless awl there is no danger of hemorrhage. 

5. Age, infirmities, c&rdioxuscular or reiiAl diseases, tuberculosis, 
diabetes or any cotKlilion contraindicating an operation are no bar to 
sclerosing therapy. 

Sclerosing SoJalions,— ^ilauy solutions have been used in the injec- 
tion of hetnorriioids Terrell* first introduced 5 per cent solution of qui- 
nine and urea hydrochlorMle. Phenol in almond oil is used at St. Mark’s 
Clinic Others has'e used phenol in s-arious strengths, sodium morrhuate, 
sylnasol, and still other solutions 

For the past four years at our clinic we have employed a new scleros- 
ing solution, which is a branched chain soilium alkyl sulfate (sodium 
sotradecol). The original experimental work on this solution was done 
by Reiner. His conclusions were that this solution produced tbxombi 
more readily with less tissue reaction and systemic toxicity than any of 
the other sclerosing agents, such as phenol, quinine urea, or any of tie 
soap type sohitions. 

Technic. — Injections oin be made with the patient m the left lateral 
position or in the inverted position DigiUl examinafion is first made 
with tlie lubricatetl finger Either a JVfartin-Davis or a Bensaude ano- 
scope is inserted to its full length. One gels an excellent exposure and 
the hemorrhoids come into dear view. The most prominent hemorrhoid 
ii injected first. 

We use either a 2 or S cc syni^e with a 3 or 4 inch fine needle. For 
the first injection 0.5 cc, of the solutioa is used. The needle is inseried 
into the superior portion of tliehemorrfwHdal mass for a distance of about 
\ inch and the solution injected slowly. After itijectaon, the needle is not 
withdrawn until a minute has elapsed. 
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One of the great errors of the inexperienced is blind injection without 
good exposure. 

Injections ore made at intervals of five to seven days. The amount of 
injected solution is increased to 1.5 or 2 cc. The number of inj'cctions is 
dependent on the size and number of hemorrhoids. At our clinic the 
minnnum number of inj’ections has been four and the maximum has 
been twelve. 

No antiseptic is used before or after injection. If pain is encountered 
at the time of injection, the fault is with the operator, as he is probably 
injecting too close to the anorectal line. 

No specific after-treatment is necessary, except that patient should 
avoid physical e.xercise on the day of, and the day after the injection. 
There have been no complications in tbc cases injected with sotradecol. 

SUMMARY 

1. A simple technic of hemorrhoideclomj' is described. The delicate 
handling of tissues and the economical use of sutures as factors in 
lessening postoperative discomfort and pain are stressed. 

2. The technic of elliptical excision for external thrombotic hemor- 
rhoids is described. 

3. A new sclerosing solution, sotradecol, is discussed in the treatment 
of internal hemorrhoids. In the writer’s experience this solution has 
boon superior to other solutions previously employed. 
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THE DIAGNOSIS AND MANAGEMENT OF ABDOMINAL INJURY 


Robert T. CRO^VLEY, M.D.,* FA.C.S. and James Macfareane 
Winfield, jVI.D., F.A.C.S.t 

Instruction of medical students, interns and residents in metropoli- 
tan teaching hospitals has indicated the common occurrence of several 
sources of error in the diagnosis and management of abdominal injury. 
These arc: 

1. The high incidence of abdominal injury in conjunction with other 
more obvious forms of trauma elsewhere about the body. In these 
instances it is the tendency of the examiner to become preoccupied 
with the more obvious injury and neglect the possibility of the less 
apparent abdominal trauma. 

2. The frequency of certain extra-abdominal traumatic conditions 
which produce physical signs simulating those occurring in actual 
abdominal injury, such as trauma to the spine and thorax. In 
traumatic occurrences of this nature, there is likelihood that the 
examiner may assume, from the physical signs present, tliat ab- 
dominal injury exists when none is present. 

3. The fact that the tnie nature and full extent of severe traumatic 
damage to the contained intraperiloneal viscera may be more or 
less concealed by the abdominal parietes which may show no indi- 
cation of external violence whatever. Tims, the examiner may 
readily presuppose, because of the absence of such marks of 
violence in the abdominal region, externally, that no injury exists. 

4. The presence in many instances of varying degrees of impaired 
consciousness on the part of the injured subject in association with 
the abdominal injury so that voluntary cooperation on the part of 
the patient is excluded, resulting in tlie loss of many valuable 
diagnostic criteria. A^Tien this complicating feature occurs, estima- 
tion of the abdominal injury may be extremely difficult even for 
the most experienced. 

5. A tendency on the part of the examiner, particularly the novice, to 
delay definitive surgical treatment in instances in which the pres- 
ence of visceral injury cannot be definitely established because 
of ambiguous signs and sjTnploms. This attitude largely arises from 
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the hope or expectation that eirpforatory laparotomy may be 
avoided. In this connection, it must be recalled that in many cases 
of severe abdominal trauma the local and general signs may be 
greatly delayed, or indeed never develop in their so<aIled clas- 
sical form until extremely late in the posttraumalic period. 3t 
IS therefore rational to remind the examiner that conservatism, 
■while commendable, if persistently exercised in all instances 
may result in grave and even fatal misjudgment by delaying 
operation. 

It is the purpose of this writing to emphasize certain broad features 
concerned with abdominal injury. Tliese arc presented in the belief 
that if such are kept consistently in mind, many errors from the above 
and other sources may be consistently avoided- 

GENERAL CONSIDERATIONS IN INJURY TO THE ABDOMEN 

Fer purpose of discussion, abdominal injury or abdominal trauma, as 
they are to be employed here, are general terms denoting lesions of the 
abdoroinal wall, contained viscera, or both, produced through the 
action of applied physical force or its agents. 

Viscera of the abdominal cavity may be roughly separated into three 
categories: (I) solid organs such as the liver, spleen and kidneys; (2) 
hollow organs such as the stomach, intestines, bladder and gallbladder; 
(3) supporting structures such as the mesenteries of the large and 
small bowel, the peritoneal reflections, blood wsscis and nerves. 

The principal danger in injury to the solid organs and the supporting 
structures is from hemorrhage and in injury to the hollow viscera /mm 
infection or inflammation in the form of peritonitis produced by dis- 
charge of their content into the free abdominal cavity. In injury to anj’ 
of the viscera, regardless of whether the damage is such as to produce 
hemorrhage, or the intrapcritoneal discharge of visceral content, shock 
may occur from the traumatic disturbance of the visceral organs or the 
visceral afferent fibers supplying the injured parts. There is some correla- 
tion between the physical laws of force and the character of the intra- 
abdominal injury: Force applied at one point of the abdomen, if of 
sufficient degree, may he transmitted in a measure to other abdominal 
parts which may thus be indirectly affected, and in this regard, the con- 
tent of the hollow viscera at the time of injury is of considerable im* 
portance. When the hollow viscera are empty, they are much less liable 
to injury than when they are full, and in the event of perforation or 
rupture, the discharge of their inflamroatory content is considerably 
less; conversely, the larger the content of any hollow viseus at the time 
force is applied to it, the greater is its likelihood of injury. In this 
it is important to bear in mind that when the hoUow viscera are filled 
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with fluid, air or particulate matter, and force is applied, such force is 
transmitted in varying degrees to all parts of the contained viscus, and 
rupture is likely to occur at its weakest point. This accounts for bursting 
lacerations occasionally observed in both the small and large bowel 
which are removed from the site of contact of the force or agent of 
injury (for example, rupture of the cecum from a blow sustained in the 
region of the transverse colon). 

The occurrence of visceral injury remote from the site of application 
of the traumatic force is likewise accounted for bi* two factors in ad- 
dition to the relative content of the viscera at the time of injury. The 
first of these is the disposition of peritoneal bands and attachments 
which limit the motility of the viscera to which they are affixed. This 
factor is especially likely to influence the site of perforation or lacera- 
tion in trauma sustained by the application of force to the abdomen 
which produces a sudden and violent shift of position of its visceral 
content. In such instances, the motile parts of the viscera (for example, 
the large and small bowel) move readily in the direction of the force, 
but their attached parts remain relatively stationary resulting in undue 
stress with possible separation or tearing of the visceral wall at the site 
of the peritoneal attachment: for example, rupture of the small bowel 
at the ligament of Treit^, and traumatic lesions of the colon, along the 
lines of attachment at the hepatic and splenic flexures, resulting from 
blunt force applied to the abdomen. 

The second additional factor is the possible presence of pre-existing 
visceral disease. In such instances wiicn the viscera have been previously 
altered by pathological processes prior to injury, applied force of 
otherwise innocuous degree may produce extensive lesions. Such are 
liable to occur in aged, chronically ill or otherwise debilated individuals. 
Thus the possibility of visceral injury remote from the site of applica- 
tion of the force to the abdomen must always be considered, for it 
may explain the appearance of abdominal physical signs and symp- 
toms in unexpected localities and further emphasixes the necessity for 
complete exploration of all the viscera once laparotomy has been 
undertaken. 

The character of the content of various hollow viscera Is worthy of 
consideration since there is significant variation in its effect when dis- 
charged into tlic free peritoneal cavity. The content of all hollow vis- 
cera is inflammatory by reason of the presence of irritating chemical 
compounds and pathological organisms. Generally speaking, the patho- 
genic bacterial content in the gastromtcstinel tract increases from above 
downward, while its irritant-containing chemical secretions decrease. 
Gastric and small intestinal content, while invariably contaminated 
witli pathogenic organisms capable of producing severe peritonitis, 
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cause thcit immedsate inflaminalory effect by reason of their imlating 
chemical-containing secretions. Hie fecal content of the colon, on the 
other hand, which is most heavily contaminated with pathogenic or- 
ganisms, has little secretion so that the mflammalory reaction produced 
is largely of bacterial origin Bile and nrme may or may not be relatively 
stenle, but Ihcir chemical constituents produce a characteristically 
severe form of peritonitis after a variable latent period, the indicative 
signs of which may be greatly delayed. Blood itself is sterile and pos- 
sesses chemical compounds less irritating to the peritoneum so that in 
the event of the presence of blood alone in tiie peritoneal cavity, only 
moderate degrees of peritoneal reaction are produced even when the 
quantity is considerable 

From the foregoing statements, the generalizations may be made that 
when the contents of the stomach and small intestine are discharged 
into the free peritoneal cnviiy, the infiammatory reaction tends to be 
immediate and severe, and the signs indicative of peritoneal irritation 
marked, while with the intraperitoncal leakage of large bowel content, 
bile and urine, the eventual inflammation may be extensive and severe 
but will take longer to develop, and the signs at onset are much less 
marked. TOiatever the nature of the discharged content, it, together 
with the peritoneal exudate which it excites, tends to follow the natural 
routes of dratnags along the pericolic gutters and the i>ool in the pelvis, 
and if of sufficient quantity, can be <lctected there by appropriate exam- 
ination. 


When a quantity of tlic visceral content is suddenly and rapidly dls- 
charged, the signs of peritoneal irritation arc rapidly progressive in 
development, whereas slow discharge or leaks through small viscera) 
lesions may considerably delay their appearance. Even when devoid of 
other content, the stomach, small bowel and colon contain variable 
amounts of air. These are the only air-containing viscera and, when they 
are ruptured or perforated, air is released into the peritoneal cavity. 
While it is undoubtedly true Oiat free air alone, when so liberated into 
the peritoneum in sufficient volume, may produce a degree of peritoneal 
irritation, the significance of its presence is principally diagnostic in 
value, for if free air in the peritoneal cavity can he salisfaetorib' demon- 
strated, it is an undeniable evidence of rupture or perforation of the 


air-containing viscera. Some confusion is possible, however, in instances 
of abdominal trauma when a large penetrating wound has allowed the 
free ingress of external air into the peritoneal cavity. In this event the 
periloneally contained air may be either viscctsI or external in origin, 


or both. 

Practically any visceral organ sustaining tnjurj’ sufficiently severe « 
capable of producing grave or even fatal blood lo-^s. Certain organs are 
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notorious in this respect. These are the spleen, liver and kidneys v,-hich, 
because of their vascularity and structure, are particularly liable, wlien 
injured, to prolonged, copious and intennittent bleeding. Injury to 
these viscera — the spleen and liver most notably — produce a treacherous 
type of hemorrhage which, even though spontaneously arrested for 
long periods, is very apt to recur. Jfapid cNsanguination and death from 
trauma to these organs has been noted as late as ten days after the orig- 
inal injury. This marked proiiensity toward recurrent hemorrhage is 
explained by the fact that the contained vessels of these organs are thin- 
walled, and the consistencies of the organs themselves are of an unre- 
silient and friable cliaracter so that effective retraction of the vessels 
and subsequent sealing by clot does not effectively occur. Moreover, 
when hemorrhage from these parts is spontaneously arrested, the circu- 
lation through them is so abundant and fluctuant with respect to pres- 
sure that the hemostatic clot is particularly liable to extrude from tlie 
injured vessels willi an3’ significant change in blood pressure, and 
hemorrhage is liable to recur. 

liMienever severe injurj' is caused to intra-abdominal vi.^ccra, with or 
uilhout concomitant discharge of blood or visceral content into the 
free peritoneal cavitj*, there is practically always reflex inhibition of 
intestinal peristalsis, Tliis is prone to occur at or ver}* soon after the 
time of injurj*, and to continue for a variable period, according to the 
extent of the trauma. Usually' when perforation or rupture of a hollow 
viscus lias been produced with consequent discharge of its inflammatory 
content into the peritoneum, the peristalsis diminishes with the in- 
creasing inflammatory reaction. Even in the event that no intraperi- 
toneal discharge of visceral content or hemorrhage has occurred, con- 
tusion of the viscera may produce the same effect. In anj' instance, 
therefore, of potential intra-abrfommul injury', the aefivitj* of the 
peristalsis sliould be observed, for its absence taken in conjunction 
with other findings is a significant sign of visceral injurj'. 

Unforlunalclj’, other traum.atic conditions are capable of simulating 
abdominal injury when no such injury exists, and these must be 
carefullj' eliminated before it can be stated with certaintj' that there is 
defmilelj’ an intra-.abdomiiiaI lesion present. These arc thoracic and spi- 
nal traumatic coiulition.s, both of which may closelj' imitate certain 
t.vpcs of intra-abdominal trauma. This largelj’ arises from the fact that 
the abdominal parietes receive their innervation from tlie lower six 
thoracic nerves, which proceetl from the spine subcostallj' to tlieir 
respective segmenlj! of the abdominal wall, so that injury to the spine or 
thorax in the region of the course of these nerves produces referred 
.sonsorj* pain, tcmlerne^s, Iij7)ercstlic.sla and reflex motor spasm 
which arc localized to the abdominal wall as well as present at the site 
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of injury. It is obvious that sudi injuries may also exist together with 
intra-abdominal trauma, in which instance evaluation of the abdominal 
signs may be difficult indeed. Many or most of the significant signs 
indicating the presence of severe intra-abdominal trauma arise from 
stimulation of the cerebrospinal and visceral afferent nerve fibers by 
trauma to the abdominal wall, to the contained viscera, and to the pres- 
ence of discharged content in the peritoneal cavity, and it must be de- 
termined that the abdominal signs present arise from these latter causes 
rather than from the extra-abdominal injuries noted above. 

BASIC CONSIDERATIONS IN PENETRATING AND NONPENETRATING 
ABDOMINAL INJURY 

For considerations concerned in both diagnosis and management, all 
abdominal injuries, regardless of their specific nature or particular tj^ie 
of causal agent, are classified into two principal categories: 

1. Penetrating abdominal injuries in which the abdominal lesion, of 
whatever extent, is produced by an agent or force whicli has ac- 
tually penetrated into or through the thickness of the abdominal 
wall, and possibly the viscera beyond by demonstrable wound of 
entrance; and 

3. Nonpenetrating injuries in whldi the force or agent of injury has 
not made actual penetration into the abdominal parietes, but which 
may have damaged the contained intra-abdominal viscera. 

The causal agents of the penetrating abdominal injury are generally 
in the nature of forcible contact with objects of relatively small area of 
surface contact such as points, edges, and missiles of various caliber and 
velocity. These produce in the mam incised, lacerated or perforated 
wounds upon the external surface 

Nonpenetrating abdominal injuries, on the other hand, occur from 
forcible contact with agents giving larger areas of surface contact such 
as broad, smooth or irregular surfaces, and these produce external 
lesions upon the abdominal surfaces in the nature of contusion and abra- 
sion in most instances, but may cause no evidence of external violence 
whatever. 

The same causal agents which produce severe penetrating and non- 
penetrating intra-abdominal injuries may cause only superficial ab- 
dominal lesions without damaging the internal viscera, in whicli instance 
only conservative management and no operative intervention is indi- 
cated. Therefore, the principal decision confronting the examiner of 
abdominal trauma is whether or not severe injury to the contained 
abdominal viscera has occurred. This decision is frequently extremely 
difficult in both penetrating and nonpenetrating tj-pes of abdominal 
trauma Penetrating abdominal injuries are, as a whole, somewhat less 
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of a problem in this regard because in a high percentage of such cases 
the evidence of deep intraperitoncal penetration is immediately appar- 
ent. It is thus a matter of convenience to further classify penetrating 
abdominal injuries into: 

1. Penetrating intra-abdominal injuries in which the intraperitoncal 
penetration and visceral injury are obvious from the nature of the 
external lesion; and 

2. Penetrating intra-abdominal injuries in which the intraperitoncal 
penetration and visceral injury are not obvdous from the nature of 
tlie external lesion and must be otherwise determined from local and 
general signs. 

Penetrating intra-abdominal injuries of the obvious tjT)e include those 
in which there is exposure or herniation of the abdominal viscera tlirough 
the external wound; those in which the wound of entrance and exit indi- 
cate a line of traverse through the peritoneal cavity; and those in which 
the agent of injury has obviously been retained in whole or in part 
within the peritoneal ca^^ty. Obvious intraperitoncal injuries of this 
kind present little or no diagnostic problem and the indicated man- 
agement is mucli the same in all instances — treatment of any extant 
shock or hemorrhage, and e.xploratory laparotomy ns soon as the pca- 
tient's general condition will allow. 

It is with the second type of penetrating abdominal injuries, namely, 
those in which the iatraperitoneal penetration is not obvious from the ex- 
ternal abdominal lesion and must be determined by other means, that 
difficulty is principally encountered. Conceming this latter typo of pen- 
etrating iatra-abdominal trauma, ccrlam points are worthy of consid- 
eration. Frequently external wounds, seemingly of only a superficial 
character, are later revealed to have entered deeply and produced ex- 
tensive intraperitoncal damage. Attempts to demonstrate by probing 
the depth of penetration of the external wound upon initial examin- 
ation are dangerous and useless, and the information thereby gained 
is notoriously inaccurate. 

^Micn it is recalled that wounds through the sldn and superficial fascia 
may, because of the movement of the body, be far removed from the 
tract taken through the deep and underlying structures, the futility of 
probing tlie superficial portion of the wound to gain information as to 
its depth and traverse is apparent, and failure to demonstrate a com- 
plete penetration through the abdominal wall by the method of probing 
in no way precludes inlraperitoneal entrance. Moreover, injudicious use 
of the probe is likely to cause recurrence of hemorrhage already arrested, 
breakdown of tissue barriers which have sealed off the injured parts, 
introduction of infectious material into the depth of the wound, and tlie 
creation of false tracts in the deep tissue. In the main, therefore, in 
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the Splenic flevurc mobilized. The ground tins closed about the splenic flexure, 
which was left as a new colcrslomy ' 

The patient was lost to follow-up for one year, but reappeared in January 
I9J8 because of a large ventral henna that had developed about the colostomy. 
On February 18, 1048, the incision was again opened, and the colostomy freed. 
A passage was dissected through the densely mattc<i pelvic tissues and the colos- 
tomy pulled through tJie anus 

Following this procedure the patient was incompletely obstructed for tea 
days. This corrected itself and she made a satisfactory recovery. 

In one instance, previously mentioned, wc were unable to bring the 
proximal colon to the anus because of a short left colon and fixation 
about the colostomy site. This necessitated a staged rotation of the 
transverse and descending colon for anastomosis 



Fig 160 (Case I) — d, First stage Resection of celMtomy and involved segment of bowel 
D, C, Second stage Ansstomosis of stoma of splenic flexure to rectal stump 


Case JI (Fig 161) — I G , a Negro womaQ, aged 43, was admitted to the 
Fourth Surgical Division of BeHcvuc ITospital on May 22, I94C, with a tubular 
rectal stricture and signs of iacoroplele large bowel obstruction The Frej test 
was positive A defunclioning colostomy was performed on May 22, 1946. 
Subsequent roentgenograms showed U«e granuloma to involx’e the entire rectum 
and two-thirds ol the sigmoid 

On March 13, 1047, the involved rectum and sigmoid were resected by a 
perinco-abdominal procedure. Because of fixation at the colostomy site the 
descending colon could not be mobilized and brought to the anus As the pa- 
tient’s condition was not satisfactory the proximal bowel end was left in the 
wound as a colostomj* stoma On 3Iay 16, 104'?, the left half of transverse colon 
xvas detached from the colostomy site, and mobilized with the descending colon- 
The ends of this segment were i^ain implanted in the lower angle o! the wound 
after rotation to the left around its blood supply On Septem^r 17, 1947, the 
distal stoma was freed abdominally, and anastomosed to the anal canal through 
a perlueal incision. Bestoration of continuity was completed on February 24, 
1048 by anastomosis of the fucclioniBg colostomy stoma in the right half of the 
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transverse colon to the proximal end of transplanted portion of transverse and 
descending colon. 

Eight months after operation tliis patient had good control despite the fact 
that the perineal body had been partially destroyed by the previous perineal 
infection. 



D E 


Fig. 161. (Case II). — A, Second stage: Resection of involved segment after defunc- 
tioning colostomy. B, Third stage: Prosimal stoma of distal segment brought down to 
distal stoma. C, Fourth st.nge; Distal stoma an.'islomosed to rectal stump. D, Fifth stage: 
Remaining colostomy stomas anastomosed. E, Anastomoses completed. 


Mobilization and rotation of the bowel is successful tas long as the 
transposition Is performed without tension. Forceful pulling down of 
the bowel compromises the blood supply and is followed by slough of 
the mobilized segment. 


“ i^egro woman, aged 51, was admitted to the Fourth Surgi- 
cal Di%'ision of Bellevue Hospital on August 19, 19 H with a tubular rectal 
.stricture involving the anal canal, entire rectum and distal portion of sigmoid, 
"nicre were multiple fistulas between the rectum and vagina. After a dcfunc- 
tioning colostomy on August 28, 19tl, the patient wa-s lost to follow-up. IMien 
s 1 C was seen again in November 1917 the local infection liad healed well. On 
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December 12, 1947 the involved sigmoid and rectum were resected by a com- 
Lined abdominoperineal procedure. Because of complete fibrosis of the rectum 
and anal canal, the sigmoid had to be palled through the sphincters. Improper 
estimation of the length of the taoluhzed segment resulted in this being pulled 
through under tension. This was followed by slough of the entire segment. It 
will be necessary to mobdize the splenic flexure and transverse colon through 
the abdomen if she is to be further improved 


PREOPERATIVE PREPARATION AND POSTOPERATIVE TREATMENT 

Patients are prepared for colostomy with succinylsulfathiazofe for 
five to seven days, Durinf? this period the necessary chemical and hema- 
tologic studies are made Severely depleted individuals may require 
transfusion before the colostomy is performed. Elaborate preparations 
are unnecessary for the ensuing .stages as these are not attempted until 
the patients have regained their noimal status. 

licplacecaent of blood loss is the most important feature of postopera- 
tive care These extensive resections and mobilizations of the large 
bowel are attended by severe blood loss because of the large amount 
of cicatricial tissue present Massive transfusions during and after 
operation allow the patient to withstand these procedures well. Routine 
use of sulfonamides and penicillin postoperativciy are unnecessary 
Ninless some specific indication exists Before the colostomy is closed, 
^uccinylsulfathiaxole is resumed for five to seven days. 

RESULTS 


During the past six years we have operated upon twenty-one patients 
for eliminatioB of tlie disease and restoration of gastrointestinal con- 
tinuity. There have been seventeen good results, one fair result, two 
failures and one undetermined result. A patient without evidence of 
disease and sphincter control is considered a good result. Narrowing of 
the bowel secondary to the surpeal procedure is considered a fair result 
even though sphincter control may be present. 

The patient classified as a fair result had narrowing at the site of anas- 
lomosis secondary to separation of the anterior portion of the suture 
line- This anastomosis had been made between the transverse colon and 
the rectum just above the pectinate line, after resection of the rectum, 
sipnotd and descending colon. Despite the surgical stenosis of the rec- 
tum this man has a good functional result. 

The failures are the patient previously summarized, whose bowel 
sloughed after being pulled through the sphincters under tension, and a 
patient who had proTnjit recurrence of the disease after resection. This 
rercutrence was due to inadequate removal of bowel, as the granulo- 
matous process reappeared at the anastomotic site. This patient has 
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been reoperaled upon successfully and may be now considered a good 
result, as there has been no evidence of recurrence one year after the 
secondary resection and closure of the colostomy. 

The patient whose result is classihed as undetermined was found to 
have schistosomiasis as well as lymphogranuloma venereum in the 
operative specimen. Six months after operation she returned to Puerto 
Rico so that the final outcome is unknown. 

There have been no deaths among the twenty-one patients operated 
upon for elimination of the disease and restoration of intestinal con- 
tinuity. There has been one deatli following colostomy, in an acutelj’ 
ill patient, in whom autopsy showed no cause of death. AVe believe this 
fatality was due to leaving the proximal colostomy clamp in place for 
too long a period. A second death occurred in an elderly woman follow- 
ing revision of a loop colostomy which had become involved by upward 
extension. This patient developed anuria after resection of the left 
colon, and died of uremia. This can be attributed to a faulty appraisal 
of the patient and might have been prevented by staged procedures. 

Follow-up has been good considering the unstable stratum of the 
metropolitan population from which tliese patients arc drawn. There 
were four patients who have been followed for five years, three for one 
and a half years, five for one year and eight for six months without 
evidence of recurrence. One patient in the group followed for one year 
developed carcinoma of the stomach from which she eventually died. 
All patients followed have maintained their improved general condition. 
Two patients have continued to have polyarthritis which had developed 
before treatment was begun. This complication has remained despite 
weight gain and great improvement in general condition. 

CONCLUSIONS 

1. Lymphogranuloma venereum of the rectum can he eradicated and 
intestinal continuity reestablbhed with good functional results. 

2. Defunctioning colostomy should precede any attempt to eradicate 
the local process. 

3. A more satisfactory result is obtained when anastomosis is per- 
formed just above the anal canal rather than pulling the bowel through 
the sphincters, 

4. ^ ariation in the extent and severity of involvement necessitates a 
flexible plan for management of each case. 

5. ^^^lcrc extensive resection of the left colon has been necessary, 
careful prcsen'atlon of the marginal artery permits rotation and ad- 
\*anccment of the splenic flexure or transverse colon to the pelvis for 
restoration of continuity. 
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6. FoHow-up of patients postoperalively indicates a high proportion 
of satisfactory results that justify this procedure. 
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TREATMENT OF PERFORATIONS OF THE SOLID ABDOMINAL 
VISCERA 


Albert Behrenp, M.D., F.A.C.S., F.I.C.S.* 

Perforations of the solid abdoramal viscera have been seen witli 
increasing frequency in peacetime as a result of the speed-up of modern 
transportation. Automobile accidents probably constitute the greatest 
source of injuries which cause perforations of the solid viscera. Per- 
forations of the kidney, liver, spleen and pancreas occur as a result 
of wounds which are either penetrating or nonpenetrating. In civil 
practice, nonperforating wounds are the more common, while in military 
practice, perforating wounds are frequently seen and additional knowl- 
edge of the treatment of such wounds was obtained during W’^orld 
War II. 


KIDNEV 

The kidney is the organ which suffers most frequently as a result of 
wounds which cause perforation of its structure. In 02,000 surgical 
cases at the Johns Hopkins Hospital,* there were twenty-five injuries 
of the kidney, eight ruptures of the spleen and six of the liver. The diag- 
nosis of renal injury is made on the basis of the history of trauma and 
the finding of clinical evidences of shock together with microscopic or 
gross hematuria. The kidney lies embedded in perirenal fat, but despite 
this, it is frequently injured by sharp compression between the costal 
border and the pelvis in jackknife accidents or by a sudden sharp blow 
over the loin space. An e.xample of the latter follows. 

A Temple University student on his way to school slipped while climbing the 
subway steps and fell, striking his left side on the sharp edge of one of the steps, 
lie was momentarily stunned but continued up the steps by his oum volition 
and attended liis first class Between classes he felt the urge to urinate and on 
doing so noted that the urine was grossly bloody. At the same time be began 
to complain of faintness. He returned to his home and called his family physician 
ubo promptly ordered him to report to Oie hospital. On admission the patient 
uas pale, pulse rate was 110 and blood pressure was 00/50 mm. of mercury. 
The patient was immediately tj'ped for blood transfusion. Intravenous plasma 
was given and prompt exploration of the left kidney region was performed under 
general anesthesia. The left kidney was found to be completely shattered by a 

From the Surgical Semce, Jewish Hospital, Philadelphia. 

Instructor in Surgery, Temple University School of Medicine, and Graduate School 
o .ledicine, University of Penasylvania; Chief Attending Surgeon, Jewish Hospital 
Philadelphia. 
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stellate wound in its midportion eWending into the region of the pelvis Nephrec- 
tomy was performed with rtcovety. 

Contusions of the kidney may at times be confused with penetrating 
wounds or rupture. Shock is often a presenting symptom and hematuria 
IS either microscopic or gross. Such cases must be followed carefully by 
frequent exammations of the urine, repeated red blood counts, examina- 
tion of the area involved for evidence of extravasation of urine or blood 
and intravenous urograms 

The treatment of penetrating wounds of the kidney is governed by 
the portron of the kidney involved. If the injury affects the pelvis of the 
kidney and interferes with its blood supply, nephrectomy is mandatory. 
If the perforation ia clean-cut and of a Ihrough-and-through nature, as 
might be obtained by a bullet or stab wound, therapy may be employed 
to conserve renal tissue. In cases in which hemorrhage is the secondary 
rather than the primary consideration, nephrostomy should be done. 
Occasionally, injury is confined to the upper or lower poles. In such cases 
hcminephrectomy should be performed and bleeding from the cut sur- 
face of the kidney controlled by means of mattress sutures tied over a 
fat graft or a hemostatic such as gcUoam. 

The differential diagnosis between injury to the left kidney and to the 
spleen may be difficult especially after automobile accidents where the 
contused area is not sharply localized. The following case illustrates 
this point. 

A 83 year old woman was a passenger in an automobile which was struck by 
another car She was immediately brought to the hospital. Oa admisrion she 
was conscious but had extreme pain which was noted on the left side of the 
abdomen The pulse rate was 120 beats per miautc and the blood pressure was 
120/110 mm. of mereury. There was blood in the urine. However, a tender mass 
w as felt in the left upper quadrant just below the costal border It was felt that 
the primary injury was a rupture of the spleen with secondary involvement of 
the kidney, despite the absence of positive x-ray evidence of splenic rupture. 
Abdominal incision revealed the spleen to be intact, but exploration of the left 
kidney shelved it to be completely bisected and nephrectomy was done which 
was followed by uneventful recovery. 

LIVER 

According to Slartin,* manifestations of injury to the liver depend on 
indirect and direct forms of trauma and the effects are dependent on the 
degree of initial trauma and subsequrat complications. If the injury is 
extensive and crashing in type, the hepatorenal syndrome may develop 
The usual clinical manifestations are those associated with shock, 
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hemorrhage, biliary peritonitis and infection. \^lien the diagnosis is 
made, surgical intervention is indicated after treatment of shock and 
hemorrhage has been instituted. Penetrating wounds of the liver may 
be treated by suture, packing, insertion of muscle graft or omental 
graft, or anj’ of these in combination with one of the newer hemostatic 
agents such as gelfoam, fibrin foam or oxj'ccl. Suture alone is seldom 
satisfactory for a tissue as friable as the liver, especially in the presence 
of injury. Packing with gauze will control the immediate hemorrhage 
in most cases but should never be used because of the danger of second- 
ary hemorrhage when the gauze is removed. The following case illus- 
trates this point. 

A soldier, 21 j’cars of age, was thrown from a rapidly moving automobile 
when it struck a bridge abutment. Shortly after the injury, he was brought to 
the hospital. Sj’mptoma of shock were pronounced and there was a contusion 
over the right lower costal area m'th marked tenderness and rjgidit 3 ’ of the 
muscles in the right flank. Following intravenous therapj' with blood and plasma, 
operation was carried out and a large rent was found on the superior surface 
of the right lobe of the liver. This extended 4 inches into the substance of the 
liver and bleeding was profuse. The hemorrhage was controlled by means of 
gauze packing and the postoperative course was very satisfactory. Removal 
of the gauze was gradually begun eight days after the injurj*. On the twelfth 
postoperative daj*, the last bit of gauze was removed, This was followed within 
two hours by a sudden massive secondary hemorrhage and the patient died 
before reoperation could be performed. 

The use of a free or pedicled muscle graft or a free graft of omental 
fat is much more satisfactory because such a pack does not require 
subsequent removal. These grafts may be used alone or in conjunction 
with a hemostatic. The follow'ing case demonstrates this method of 
treatment. 

A girl of 10 was riding her bicj-cle and fell off, striking herself on the right side 
^ith the point of the handle bar. She was brought to the hospital complaining 
of pain in the right side and tenderness throughout the right abdomen. There 
was a small area of redness caused by the contusion at the lower border of the 
costal cage. It was the impression that the child had a penetrating wound of the 
liver. Operation was performed under ether anesthesia. On opening the peri- 
toneal cavitj', a great deal of blood was encountered. Exploration revealed a 
cep lacerated puncture wound of the right lower lobe of the liver which was 
ceding freely. A piece ol the great omentum was separated from its attach- 
ment and placed in the wound over a piece of gelfoam. The tear in the liver was 
oo^b sutured with interrupted chromic catgut sutures over the omental graft. 

us completely controlled the hemorrhage and the abdomen was closed with- 
out drainage. The patient was discharged from the hospital ten da 3 ’s later- 
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SPLEEN 

Penetrating injuries of the spleen are commonly seen following trauma 
of automobile accidents, sledding, and football injuries IMiile the 
spleen is an organ wliich is not essential to life and may be removed 
without danger to the future welfare of the patient. MazeP feels that it 
should be preserved whenever possible. If the vessels of the splenic 
pedicle are injured, splenectomy is imperative and must be performed 
without delay The diagnosis of hemorrhage from a traumatic per- 



Fig 162 — X-roy findings characteristic of ruptured spleen Note obliteration of the 
splenic shadow, dilatation of the stomach mlh serraliona along the greater curvature and 
increased density along the greater curvature 

foralion of the spleen may be difficult and at times may be arrived at 
only by exclusion of tbe kidney and other viscera as cause for the signs 
of hemorrhage and shock. Solis-Cohen and Levine^ have demonstrated 
cliaracleristic x-ray signs (Fig. 3C2) in cases of splenic injury, namely* 
obliteration of the splenic shadow, dilatation of the stomach with 
serrations along the greater curvature, and increased density along the 
greater curvature. IMien these findings are present in addition to the 
history of trauma, wlien tenderness and muscle spasm are present m 



PERFORATION'S OF SOLID ABDOiIIN*.\L %asCERA 


413 


the left upper quadrant of the abdomen, exploratory operation is 
indicated. 

Blood transfusions should be instituted as soon as possible to replace 
blood lost. At operation, considerable blood may be found in the per- 
itoneal canty and this may be aspirated and returned to the patient 
immediately as an aulolransfusion. If the injuiy does not involve the 
splenic pedicle and is found to be a simple superficial tear, two or three 
mattress sutures appro.ximating the wound edges should insure perfect 
hemostasis. However, if the spleen is fragmented, splenectomy is im- 
perative. One cubic centimeter of epinephrine hydrochloride is injected 
hj^odermically to make the spleen contract and empty itself of blood 
which is thrown into the circulation as a supportive measure just be- 
fore clamping the splenic vessel. Finally, it should be rememl>ered that 
the signs of splenic rupture may be delayed for months after the injurj- 
has occurred and long after the trauma has been forgotten. The first 
sjTnploms may be those of concealed hemorrhage, and while the diagno- 
sis in such cases is more difRcull, the treatment is the same as outlined 
above. 

PANCREAS 

The most interesting of all the perforating injuries which affect the 
solid abdominal nscera are those which involve the pancreas. The 
pancreas is the least commonly injured of all the solid abdominal 
viscera because it is well protected by overling structures. Trauma is 
particularly likely to occur in thin subjects when the pancreas is fordbly 
compressed between a protruding object and the vertebral column. If 
the inj'urj* is severe, the symptoms resemble those caused by an attack 
of acute pancreatitis with generalized abdominal pain and boardlike 
rigidity. These sj-mptoras are due to the escape of pancreatic ferments 
and require incision and drainage of the area involved. This may result 
in the formation of a pancreatic fistula which usually heals within two 
weeks. Such an injuiy may also be followed by the formation of a cyst of 
the pancreas which will require subsequent treatment.* Not infrequently, 
cjsls of the pancreas result from injuries sustained months before. The 
following case is an example of this type of injuij*. 

A soldier, 19 years of age, was going through an obstacle course. TMiilc 
attempting to climb a picket fence, be fell heavily across the top of the fence. 

0 oTTing the mjiuy, he was hospitalized for approximately one week during 
ich time pain and deep tenderness in the abdomen gradually disappeared 
an be was returned to duty. Three months later he was admitted to another 
^Vrmj hospital because of a swelling in the epigastric region. This was fluctuant 
an ^ was producing symptoms of la^e intestinal obstruction. Operation was 
3f V ised, and on abdominal eiploration, a large cj'st arising from the pancreas 
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was evacuated. The cyst was xoarsupialized and packed lightly unth gauze. 
After removal of the gauze, drainage persisted for four weeks, but then ceased 
entirely and there was never any rccuttence of the cyst. 

Such cysts are rarely excisable because of the inflammatory reaction 
which they evoke in surrounding tissues. In some Instances, drainage 
persists for many months. In these cases the drainage tract may be 
anastomosed to the jejunum, producing an internal pancreatic fistula. 

SUMMAHY AND CONCLUSIONS 

Perforating wounds of Uie solid abdominal viscera are seen with 
increasing frequency mainly as a result of the speed-up of modern 
transportation. The kidney is tbe roost commonly mjureil of the solid 
abdominal viscera The treatment of such injuries may be conservative 
or radical depending on tlie extent of the injury and the portion of the 
organ involved. 

Next in order of frequency are injuries which affect the liver. Treat- 
ment of such injuries to the liver must be based on tbe fact that this 
organ is essential to life and its structure is such that special methods are 
necessary to insure proper surgical treatment of perforations. Newer 
developments in such methods are discussed. 

The spleen is also subject to traumatic perforations. \Miile it is not an 
organ essential to life, efforts should be made to preserve it whenever 
possible. The methods for doing so are discussed, 

The least commonly injured of all tbe solid abdominal viscera is the 
pancreas. In many respeclv the mjurics to tbe pancreas are tbe most 
interesting because of the late complications which may follow such 
injuries. The treatment of acute injuries of the pancreas and their late 
complications are reviewed 
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EXAIVUNATION OF THE LOWER BOWEL 


ViNciafT T. Young, M.D.* 

In the process of the routine physical examination the lower bowel is 
neglected more frequently than any other accessible region of the body, 
and there is no logical explanation for this oversight. Accurate statis- 
tics have never been collected concerning the satisfactory examination 
of the lower bowel as a part of the routine physical examination, but 
questioning of patients who come to the office will show that the pro- 
cedure has been omitted in a surprising number of cases. It is of interest 
to note that many physicians and surgeons who treat bowel disease do 
not actually possess a proctoscope. 

IMPORTANCE OF THE RECTAL EXAMINATION 

There is irrefutable evidence that a good rectal examination is of 
utmost importance in every complete physical examination. Malignant 
disease of the lower bowel furnishes a dramatic example of this point. 
It is known that approximately 12 per cent of all malignant tumors of 
the body are found in the anus, rectum and sigmoid.* Eighty per cent 
of all intestinal cancers, excluding those of the stomach, are located in 
this region, and of these, 90 per cent can be diagnosed by proper rectal 
examination. 

The rectum is usually examined only if symptoms referable to this 
region are presented, yet it is common knowledge that early cancer in 
this region is frequently asymptomatic. The symptoms commonly 
associated with malignant growths of the lower bowel, i.e., changes in 
bowel habit, rectal bleeding, pain and constitutional changes, are rela- 
tively late manifestations. 

There is good eWdence* that carcinomas of the lower bowel begin as 
benign polyps, hence the importance of disclosing a precancerous lesion 
can hardly be overemphasized. For example, among patients with can- 
cer of the lower bowel, brought under observation in all different 
stages of growth, not more than 650 in a thousand will be found in an 
operable stage, and of these only 600 will sui^dve the procedure. Around 
300 will be alive in five years, and only 150 will remain alive for ten 
jears. This seems an unduly high price for the patient to pay since the 
5 per cent of persons carrying these lesions could be found by routine 
proctoscopic examination, and the destruction of the pol^q) by a simple 
office procedure might prevent a radical operation giving the patient 
only a 15 per cent ch ance of liring ten years. 

* Proctologist, Yater Qinic, lVashingtoa,£D. C. 
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TECHNIC OF RECTAL EXAMINATION 

It is essential that both the digital and endoscopic examination be 
included in the routine physical examination, for each discloses factors 
vrhich arc quite different but equally important. 

The digital examination should prcc<x!e the insertion of any instrument 
through the anal canal. Before introduction of the finger, the buttocks 
should be retracted and the anal ridge cvcrleil. By this simple maneuver 
the examiner may detect squamous cell carcinoma of the anus, external 
fistulous openings, pruritic skin changes, condylomas, anal chancre, 
thrombi, skin tabs and anal fissures, ll’hen patients suffering from anal 
fissures or pruritus ani arc referred to the proctologist with the diagnosis 
of hemorrhoids, it is evident that ei'en the observation of the anal area 
has been neglected. 

Digital examination is carried out simply by inserting the lubricated, 
protected finger through the anus into the rectum The reluctance to 
carry out Ibis simple procedure is possibly purely aedhetic. Buie* 
approaches this problem in a bealtliy fashion nhen be slates that be 
would gladly insert his finger into the rectum of a person professionally 
with whom he would not care to shake bnntU socially, 

This examination should not be attempted casmilly but done in a 
careful and methodical manner. Tlie tone of the rectal sphincter should 
be noted, and any area of induration in the anal canal or anorectal junc- 
tion should be explored for fissures or internal fistulous openings. By 
placing the opposite index finger on the anal ridge, a bidigitnl palpation 
of the intervening tissue around the circumference of the anal canal will 
delect deformities of the cocejnt, perianal abscesses, fistulous tracts, 
sebaceous cysts, dermoids, and other tumor masses. Following this, a 
careful palpation of the entire rectal wall is made as high as the finger 
can reach, with bimanual assistance. Normal landmarks such as the 
prostate and the cervix are identified. 

One should not be satisfied with the mere diagnosis of a lesion; a 
complete inventory should be made and all information obtained that 
careful palpation makes available. In the presence of a carcinoma,'* 
for instance, the gro'wth may be movable or fixwl. It may be so small 
as to be barely palpable, or it may be large enough to fill the rectal 
ampulla. The degree of the encirclement of the lumen should be noted, 
and whether it is tubular or diaphragmatic. Submucous thickening may 
be present and may indicate extension, under the mucosa. Lymphatic 
spread may be detected by palpation of nodules posteriorly or postero- 
lalerally. All these findings give valuable information regarding oper- 
ability and prognosis, 

Bluiner's shelf may be produced by secondary implantation of cancer 
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cells from the stomach, ovary or bowel, and a “frozen pelvis” may be 
the result of extension of cervical or uterine carcinoma, infection or 
endometriosis. General thickening and roughening of the bowel may 
suggest chronic tilcerative colitis, and strictures and contractures are 
readily identified. Adenomas and polyps are notoriously elusive. Small 
ones are frequently missed, but those of larger size may be felt as soft, 
pedunculated or sessile elevations. Abscesses are identified as tender 
masses bulging into the lumen from the wall (intramural) or from the 
pararectal spaces. The prostate and seminal vesicles should be explored 
for induration and masses. Fecal impactions are easily detected by digi- 
tal examination. 

Additional information ma}' be gained by the simple expedient of 
having the patient force down in a squatting position, for frequently 
only by this maneuver is one able to observe prolapsing pol^qii, rectal 
mucosa, or internal hemorrhoids. Also in this same vein, when the 
patient complains of “something prolapsing,” the doctor may save him- 
self embarrassment if he gives the patient the benefit of tlie doubt 
and instructs him to return when tlie mass is evident, rather than dis- 
miss him as entirely normal. 


THE USE OF THE SIGMOIDOSCOPE 


Following the digital exploration the sigmoidoscope should be used 
routinely. This simple instrument may be employed quite satisfactorily 
with relatively little training, but unfortunately most doctors finish 
medical school without adequate instruction in its use. Until medical 
schools emphasize the importance of this instrument and afford their 
students the opportunity to utilize it, we can hardly be too critical of 
the practicing physician who fails to employ it. 

Any one of the numerous standard types of sigmoidoscope is adequate. 
Although the special table for inverting the patient is more comfortable, 
the e.xamlnation can be performed satisfactorily with the patient in the 
knee-chest position. 

Wiile the examination by the endoscope is not without danger when 
conducted by one lacking in experience, hazards may be completely 
eliminated by following a few simple rules. Digital examination should 
always precede the introduction of the instrument in order that the 
examiner may be forewarned of anal stenosis, low stricture or obstruct- 


ing masses. As soon as the scope is passed beyond the sphincter, the 
obturator is removed and the instrument is passed from that point 
under visual guidance. A minimal amount of air is introduced into the 
louel, the purpose being to remove redundant folds of mucosa from 
the line of vision rather than to balloon out the bowel. The instrument 
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should not be advanced until the lumen can be clearly identified; it 
should never be forced. If gentle manipulation will not permit passage, 
then efforts should be discontinued. 

Certain methods of preparation and bandhng make for easier and 
more pleasant investigation of the lower bowel by the sigmoidoscope. 
Our routine preparation consists of a tap water enema wliich is repeated 
until the returns are clear, this is talcen one to two hours before the 
appointment. X-ray examination of the bowel is always preceded by 
proctoscopic examination, as we believe that any indication for a barium 
enema is an indication for thorough lower bowel investigation. For the 
best cooperation of the patient, avoid having several persons give in- 
structions; also avoid such expressions as “relax’' and “breathe through 
your mouth,” for these are not at all reassuring. The only voice heard 
during the procedure is that of the examiner, and the patient should he 
forewarned of each sensation to be experienced before it is noted. Tiie 
patient should be warned that he will feel that he must have an urgent 
bowel movement when the instrument is introduced, but that the bowel 
will aclunlly not function. Otherwise, the fear of embarrassment will 
frequently cause considerable strain, and make further examination 
difilcult or impossible. The znanipulation of the scope about the angle 
of the rectosigmoid usually causes tension on the mososigisoid, and at 
that point the patient should be forewarned of abdominal cramps which 
will soon pass off. This type of “vocal anesthesia” is considered a highly 
important part of the examination, for by so gaining the confidence of 
the patient, relaxation is aebteved. 

Tfae scope should be passed to its full length as rapidly as is consistent 
with the absolute safety and comfort of the patient. The examination is 
done as the instrument is being -withdrawn, and if too much time is 
consumed in introducing the scope, the patient may become tense, re- 
sulting in straining and poor visualizaUon. 

As the instrument is withdrawn, it is rotated in such a manner that 
the whole circumference of the bowel is observed and careful inspection 
is made of all areas. In this way small adenomas and polyps are visual- 
ized, and neoplasms may be brought into direct -view and studied m a 
detailed manner. Biopsies may be easily and safely taken and the na- 
ture and grade of the tumor accurately determined. Diverticulitis may 
be diagnosed by noting fi-xation, Ibickeniag, Joss of elastici^ and nar- 
rowing of the bo-wel in the rectosigmoid repon, and rarely the diverti- 
cula may be seen as small sUlUkc openings in the bowel wall. Ulcerative 
colitis can be diagnosed, evaluated and its course followed satisfacloniy 
by means of endoscopic examination. There are those who feel that this 
is the only accurate means of determimng progress in the disease, and 
that it should be treated only by jd^idans using this instrument 
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Irradiation proctitis following radium in the cervix and radiation to 
the pelvis in general presents a characteristic picture. The ulcers of 
Endamoeba histolytica are usually typical in appearance, and procto- 
scopic examination often gives the first hint as to the existence of this 
disease. Tuberculous ulcers are fairly characteristic, and diagnosis maj’ 
be established by means of a biopsy specimen. Other forms, such as 
proctocolitis due to the gonococcus, bacillary types and lymphopathia 
venereum, are diagnosed by the typical pictures presented. Rarely a 
diagnosis of endometriosis may be established by observing the im- 
plants in the bowel lumen. 


SUMMARY 

The importance of the routine investigation of the rectum and sig- 
moid as a part of each complete physical examination is stressed. 

The technics of the adequate methods of examination are outlined. 
An appreciable improvement in the present status of cancer of the 
lower bowel can be expected only when each individual physician rou- 
tinely investigates adequately and thoroughly the asymptomatic as 
well as the symptomatic bowel. 
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THE CONDUCT OF ANESTHESU DURING ABDOMINAL 
SURGERY 


E. A. Rovenstine, M.D.* akd E. M. Pappeu, M.D.t 

AViiEX one proposes to discuss comprehensively or evaluate critically 
the application of the numerous anesthetic procedures to abdominal 
surgery, he is readily aware that the variable factors to be considered are 
even more numerous than the physiological disturbances of surgical 
patients and tlie pharmacological differences of anesthetic drugs. The 
surgeon and his requirements, the anesthetist and his limitations and the 
conditions under which operation has to be completetl must be con- 
sidered also. This discussion is limited to a review of some of the most 
important factors rather than an attempt to set forth a stereotypetl 
anesthetic regimen which may be applicable to groups of patients sub- 
jected to abdominal manipulations. 

THE FALLACV OF ROUTINE MANAGEMENT 

It might be well to initiate such a discussion by pointing out certain 
fallacies that have invaded aneslhcUc tea^^ing and practice of this sub- 
ject. One fallacy is the frequently expressed conviction that anesthetic 
drugs and technics should be or may be correctly chosen routinely for a 
given operation. It should be recognized without argument that the 
primary consideration in the selection must be the patient in precisely 
the same fashion Urat a surgeon proposes appendectomy for appendiceal 
disease rather than the fact that lie can perform an appendectomy with 
greater finesse than a total gastric resection. It is the patient who must 
be treated. Abdominal operations of many types are performed for the 
young and aged, the strong and we.ak, the healthy and chronically ill. 
They are completed under \'arious circumstances as elected or in an 
emergency and with innumcmble complications and hazards present. 
Ml these variable factors mitigate ag.ainst fitting a patient to an anes- 
thetic regimen simply because a given surgical procedure is to be done. 
It has been taught, also, that a known pharmacological action of a given 
ngent contraindicates its use for patients with certain specific disease 
processes. This does not follow regularly since other factors ma}’ be 
much more important. In the selection of an anesthetic procedure, cer- 
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condition cannot expect to ser\’e as a consultant in the selection of 
methods. The surgeon who insists upon dictating the anesthetic proce- 
dures is either without confidence in the anesthetist or is displaying his 
prejudices. Similarly the anesthetist who proposes to provide the anes- 
thesia of his independent choice seeks to glorify his position on the surgi- 
cal team or is not capable of applying the many advances in anesthesia 
to his practice. The proper choice of anesthesia should be made by the 
surgeon and anesthetist and frequently with tlie aid of other consultants 
after considering all factors entering into the successful completion of 
the operation. The agent and technic should be chosen not on a basis 
of the preference of either but because of known contraindications and 
indications from the standpoint of the patient’s recovery and secondarily 
the operation. 

THE MAJOR IMPORTANCE OP TECHNICAL SKILL 
The foregoing remarks may appear to give unnecessary emphasis to 
the selection of anesthesia. It is well understood that the great majority 
of surgical procedures are relatively simple exercises upon patients with 
little or no serious impairment of their physical status. The number of 
patients who may not be classified as excellent or very good risks from 
the standpoint of anesthesia is fortunately a minority. It is, however, 
the recognition of this minority and knowledge of the consequences they 
may suffer from anesthesia that gives emphasis and importance to its 
selection. For most surgical patients the most convenient metliod or one 
the surgeon and anesthetist uses most frequently can be chosen without 
increasing mortality appreciably. The human organism quickly reor- 
ganizes its functional activities to meet emergencies and to withstand 
excessive burdens placed upon it. The anesthetist who uses almost any 
of the recognized methods and drugs may depend on this to secure re- 
sults that will not be severely criticized. It is unlikely, for e.vample, tliat 
a surgeon would find the mortality following any group of simple clectiv e 
operations upon healthy patients differed widely whether he performed 
thm under ether anesthesia by a simple or complicated method, under 
regional anesthesia, intravenous anesthesia or with llie gases. The mor- 
bidity statistics might show some adv'anlage of one or another method 
ut even this would depend more upon the skill witli which the drug or 
meUiod was used. For the majority of anesthetic or surgical procedures 
tcriimcal skill is all that is required to have acceptable results. The 
w live safety of anesthesia and the relative simplicity of most opera- 
lons favor the anesthetist and sut^eon who have mastered the tcclinics. ^^^ ^ 
le ighly trained specialist is not an absolute essential for satisfactory 
anw icsia or surgery of the good risk patient who is undergoing an 
ive uncomplicateil operation. The advantage that he can bring ■ 
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patients is the ability to recognize those who are not good risks and the 
experience and training needed to cope with unpredicted complications 
m the healthy and the sick when they arise. For patients with serious 
phj-siological disturbances or those who require special complicated 
manipulations, the more experience, judgment and training that the 
surgeon and anestlietist can bring to the selection and execution of pro- 
cedures to effect a therapeutic result the less morbidity and mortality 
may be expected. 

Arguing the merits of one drug or another by quoting data on mor- 
tality and morbidity immediately following operation too often has 
little significance. The many factors involved are usually disregarded 
or the reported number of cases are too few for statistical analysis. The 
statistical method of evaluating the effects of drugs or methods will not 
be criticized if it is properly apphed. Very few such studies have ap- 
peared, however, largely because a sufficient number of observations 
with the necessary data have not been recorded. To have significance, 
cases studied need to be analyzed in groups of tens of thousands, not 
hundreds. If a method has been used in a limited number of cases and 
found to have undesirable or even fatal consequences by one group of 
clinical investigators, one need not be amazed to find the same drug or 
method used elsewhere to the satisfaction of the surgical team. Hequirc- 
ments of one group of surgeons may differ considerably from those of 
another. The anesthetist’s experience or dexterity wiUi certain methods 
may vaiy widely with his ability to use different procedures It is un- 
likely that anesthetic drugs and technics will have proper evaluation if 
the arguments are settled by the experiences reported from any single 
group or even several groups of observers. 

Another common argument for or against one drug or method may be 
based on results with it contrasted with those from an entirely different 
procedure. For example, the merits of regional or spinal anesthesia are 
often contrasted with those from intravenous or inhalation anesthesia 
It rarely happens that the anesthetist who prefers any one system of 
anesthesia will have used another In comparable cases extensively 
enough to formulate a definite opinion on the merits of both. For ex- 
ample, if spinal anesthesia is regularly used for cholecystectomy m one 
clinic the experience with ether for the same group will probably be too 
limited for evaluation. Systems of anesthesia are frequently favored to 
satisfy some special requirement of the indiridual clinic. Fully qualified 
anesthetists are not available in many places to permit a wide range of 
choice from among the many methods that now have a merited place 
in the practice of the specialty. Moreover, if all surgical teams could 
have an anesthetist fully experienced with all systems, drugs and methods 
recommended, it would not follow that the surgeon could readily adapt 
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his manipulations to the resultant anesthesia. •The surgeon iv’ho has 
satisfactory results with some particular procedure has adjusted his 
operaUng to it. For example, few surgeons find any criticism with operat- 
ing conditions while working in the upper abdomen during ■u'ell adminis- 
tered spinal anestliesia. If, however, many of them were forced to operate 
with splanchnic block and local infiltration in accordance with the cus- 
tom in some leading foreign clinics, they might have their results as well 
as their composure disturbed. 

What can be done in selecting anesthesia is to consider the drugs and 
methods which are familiar to the anesthetist on a basis of their effects 
in the presence of the disturbed or anticipated physiological disturbances 
of the patient and the technical requirements of the surgery proposed. 
Plan prophylactic and therapeutic measures for complications that may 
likely occur during and after the particular operation and choose the 
drug and method that can be used successfully with the least danger to 
the patient. 


COMPLICATIONS AND THEIR MANAGEMENT 

Emeds. — It is well for the anesthetist to anticipate complications 
that may be expected during abdominal operations. Emesis might be 
cited as an example. It should be assumed that eveiy patient not prop- 
erly prepared for operation or those whose gastrointestinal derange- 
ments favor the retention of stomach or intestinal contents, will have 
dangerous emesis during induction or maintenance of anesthesia. Tiie 
psychic disturbances, the effects of opiate medication, the stimulating 
action of many anesthetic drugs, transient asphj’xia, manipulations of 
the stomach and intestines are factors that may favor a high incidence 
of emesis in such patients. 

The aspiraUon of vomitus during anesthesia is responsible for many 
preventable deaths everj’ year. The anestlictist is obligated to employ a 
procedure which he is sure will eliminate aspiration of vomitus if emesis 
occurs, for all patients not properly prepared for surgery. Such a proce- 
dure may involve washing out the stomach contents before anesthesia 
is induced. WTien this or any other practice is done to safeguard the 
patients from the effects of anesthesia it becomes a part of the anesthetic 
procedure and constitutes a consideration in the selection of the drugs 
and methods employed. More emphasis can be given to the preparation 
an to the agent when complications from emesis are seriously feared, 
f inhalation anesthesia is proposed a drug such as cyclopropane has 
I because of the rapidity of induction without asphyxia and 

a ' of irritation or excess mucous secretion in the upper gastrointestinal 
fact. Anotlier safeguard of importance is the prompt introduction of an_^ 
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endotracheal airway that may be made leak-proof at the trachea. MTien 
some form of reponal anesthesia is selected the patient retains his natural 
protection against aspiration of vomitus unless his reflexes are severely 
depressed by medication or shock. The high probability of emesis during 
anestliesia for unprepared patients may be frequently a good indication 
for regional anesthesia. 

Convulsions. — -Convulsions during anesthesia are not rarely a factor 
in the mortality of certain uncomplicated abdominal operations; appen- 
dectomy, for example Although not common enough to be anticipated 
in even a moderate percentage of any operative procedure and despite 
the lack of agreement as to their cause, convulsions are a complication 
most often when some of the following circumstances are noted : Young 
adults and children with an infection causing an increase in body tem- 
perature, dehydration, hot external environment; atropine medication; 
inhalation anesthesia; disturbances in oxj’gen-carbon dioxide transport. 
Such circumstances may indicate the use of nerve block , for example, 
spinal anesthesia for appendectomy, rather than ether by the carbon 
dioxide absorption technic Or a delay in operation to treat dehydra- 
tion may be called for 

Heat Retention. — Heat retention is a complication given too httle 
consideration, especially in temperate climates during hot weather. 
Rapid respiration, increased body temperature, muscle twitching, drj' 
skin and convulsions rapidly succeeding to shock are tlie most common 
manifestations It is our belief that the closed system for inhalation 
^anesthesia, causing the patient to respire a heated, humid atmosphere, 
^he use of several beat retaining drapes, the lack of ventilation in operal- 
'ing rooms and the use of atropine or similar drugs are factors to consider 
in reducing the incidence of heat retention. 

Surgical Shock. — Surgical shock must be anticipated during an}' 
extensive abdominal manipulation, but wide differences of opinion have 
always existed as to its bearing on the selection of anesthesia. The rule 
or warning is frequently found in textbooks and journals that general 
or inlialation anesthesia should not be employed for patients in shock. 
Anesthetists who believe this firmly will not hesitate to produce deep 
inhalation anesthesia in patients having operative procedures that may 
reasonably be expected to cause severe hemorrhage or shock. It is 
admitted, of course, that the time interval may be an important factor 
in the shocked patient’s resistance to anesthetic drugs — and that pa- 
tients who may be expected to be in shock during tlie course of an op- 
eration have the advantage of prophylactic intravenous therapy. How- 
ever, the fact that clinical experience and laboratory experiments 
have demonstrated conclusively that certain anesthetic procedures 
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are detriraentai during shock should be given more consideration in 
selecting anesthesia for patients when shock is anticipated. 

It is well known, for example, that an animal during high spinal 
anesthesia will die from much less bloodless than will an unanesthetized 
control. Similarly, shock is more readily induced in an animal during deep 
ether anesthesia. The anesthetist should keep in mind tliat the shocked 
patient, whether shock occurs during or before operation, is suffering from 
hypoxia which is enhanced by inadequate ventilation due to rapid shallow 
respirations. Also, that pain and psychic factors may play a major role 
in producing shock. The patient needs, in addition to an adequate cir- 
culating blood volume, more efficient respiratory exchange of an atmos- 
phere witli a high oxygen content, the elimination of pain and adequate 
psychic sedation. It may not be advisable to attempt to secure the latter 
two of tliese needs with the opiates in amounts that interfere further with 
respirations. Inhalation anesthesia can be given safely with cyclopropane 
under these circumstances. It has the advantage of producing un- 
consciousness in very low dilutions, is rapidly controlled and quickly 
eliminated. Respirations may be improved by positive pressure during 
the inspiratory phase and oxygen given as desired. It would be inadvis- 
able, of course, to push anesthesia to produce relaxation if this were 
needed. Curare, muscle infiltrations or nerve block can be used for thi.s 
purpose. 

There is no experimental evidence to prove that first plane cyclopro- 
pane anesthesia during shock or hemorrhage is dangerous and there is a 
considerable clinical experience to give the impression that it is satis- 
factory. It is the recommendation here that when shock occurs during 
anesthesia, the anesthetist should provide the patient witli a high oxygen 
atmosphere, that if intravenous anesthesia is being used it be discon- 
tinued, lliat any inhalation anesthetic agent be eliminated as quickly as 
possible, and that, when needed to maintain unconsciousness, first plane 
cyclopropane anesthesia be employed. 

Other Circulatory Crises. — ^Therc are other circulatory crises, apart 
from shock, of interest and importance which may develop during ab- 
dominal operative procedures. These are neurogenic in origin, reflex in 
propagation and potentially dangerous if unrecognized or neglected. 
Reference is made to the hj’potension, bradycardia and apnea produced 
on occasion by traction on the hollow organs of the abdominal cavity. 
The traction or ccliac plexus reflex requires prompt therapy to obviate 
the sequelae associated with significant prolonged hypotension. Correc- 
tive measures arc relatively simple and consist of infiltration of tlie 
celiac plexus with procaine or the administration of small doses of ephwl- 
rine intravenously. No p-atient is immune from tliis complication regard- 



428 


E. A. nOVENOTlNE, E. M. PAPPER 


less of anesthetic agent or technic employed. It is indect! fortunate tliat 
adequate therapy is readily available since satisfactoiy recovery in those 
patients who can ili afford drculatoiyd<^ressioumay bemorecffcoUvcly 
guaranteed. 

Psychic Trauma. — In accord with tlie increasing appreciation in all 
special practices of medicine of the importance of psychodynamic factors 
in disease or injury, it has become fairly well established that most 
patients subjected to operative procedures of any magnitude deserve the 
benefits of oblivion to the traumatic experiences of the surgical amphi- 
theater The increased utilization of inhalation anesUiesia for abdominaf 
surgery, undoubtedly encouraged in part by the availability of curare 
for relaxation of abdominal muscles, is a reflection of this attitude in 
many clinics. Although the popularity of spinal analgesia has suffered 
somewhat, it still enjoys widespread usage, significantly modified by the 
more frequent application of supplementary drugs which produce nar- 
cosis. Dilute solutions of sodium pentothal or light cyclopropane anes- 
tliesia have been of enormous value in making intra-abdominal surgical 
therapy during spinal anesthesia more acceptable to patients who unde^ 
standably are distressed by the working sounds of the surgical team. 

Intestinal Obstruction.— Despite the important progress made in the 
understanding of the pathological physiology, preoperative preparatiem, 
and principles of surgical attack upon intestinal obstruction, tlie anes- 
thetist is still confronted here with his most ve.ring difficulty in the 
management of abdominal operative procedures It is true, of course, 
thtat the problem is not the same when adequate decompression and 
proper electrolyte balance and circulating fluid requirements have been 
established prior to the inducl/on of anesthesia. Ilowovcr, this has not 
uniformly been possible in. the experience at this institution. The patient 
who cannot be prepared completely is one who is actually or potentially 
m shock from dehydration, may aspirate intestinal contents, and for 
reasons poorly understood at the present time rn.iy expire suddenly 
early in the anesthesia period. These difficulties are entirely aside from 
the scriom technical difEculty which distended intestinal loops affortl 
the unhappy operator. The precarious state of the circulation and tlie 
possibility of rupture of compromised intestine suggest the inadvis- 
ability of spinal analgesia during these circumstances Inhalation anes- 
tlresia, with an endotracheal catheter particularly with cyclopropane, is 
relatively safer, but is far from adequate in the management of decom- 
pensated intestinal obstruction Hie nature of the gravity of the situation 
may be appreciated readily whm it is realized that the largest single 
cause of death oa the operating table here is inadequate preparation of 
the patient with intestinal obstruction. It is apparent that further study 
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of the role of auesthesia in the hazard of surgical therapr of this lesion 
is mandatory. 


scaniARr 

A commentarj' on the problems of anesthesia during abdominal sur- 
gerj’ is presented. Stress is placed upon the futility of establishing fixed 
routines in the selection of anesthesia for the surgical therapeusis of 
abdominal lesions. It is strongly suggested that the anesthetic manage- 
ment be flexible and in keeping with the importance of indiridualizatiou 
for the needs of the patient subjected to operation. 

The management of several of the serious complications occasioned 
by anesthesia and surgeiy during abdominal procedures follows certain 
established principles. 




RECENT ADVANCES IN THE CHEMOTHERAPY OF SURGICAL 
INFECTIONS 

Elmer K. Sanders, M. D.* and John S. Lockwood, MJ).,D.Sc. (Med.)! 

Recent progress in the management of surgical infections has made 
yesterday’s miracle into the commonplace reality of today. Because of 
the rapidity of this advance, it seems proper at intervals to make an 
evaluation of some of the more recent additions to knowledge in this 
field. In this wa}’ one hopes in some degree to separate those antibac- 
terial measures which are fulfilling their original promise of usefulness 
from those which appear in the full light of experience and surgical 
judgment unsuited for the treatment of infections in man. In the present 
paper the term, “chemotherapy,” includes the so-called antibiotic agents 
as well as the chemical substances of more certain composition such as 
the sulfonamides. 

Developments in the chemotherapy of surgical infections may per- 
tain to new chemical agents or to improved methods of using the mate- 
rials already at hand. Some of the newly produced agents will, no doubt, 
prove to be useful therapeutic agents. As yet, however, the amount of 
espcrImcDlal and clinical work relating to these compounds is often not 
sufficient to permit accurate appraisal of their worth. This discussion 
will consider the sulfonamides, penicillin, streptomycin and bacitracin 
and some of the more advantageous methods of employing these drugs in 
combating surgical infections. Changes in methods include increased 
dosages, different dosage schedules, different routes of administration, 
and various vehicles for the drugs. 

CHOICE OF DRUGS 

Formulation of a plan of antibacterial therapy must be based on a 
careful analysis of the tj-pe of infection to be treated or prevented. The 
ideal antibacterial agent is one which possesses a broad range of activity 
against all of the pathogenic bacteria which may exist in the body and 
yet is devoid of toxic action on the body tissues. Since this ideal sub- 
stance is as yet unknown, it is essential, in using effectively the drugs 
whicli are available, to determine the nature of tlie infecting organism 
and then to select the particular therapeutic agent most likely to attack 
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this baclerium ^iUnn tbe infected anatomical region. If such careful 
bacteriological studies cannot be carried out, then the decision must be 
reached by inference, and the choice of agent ivili be made on the bads 
of cHmeal judgment as formed tlirou^ aTrateness of probabilities. 

Tables 1 to 3 show in general the range of activity of the agents 
under discussion. All strains of a organism, however, are not uni- 


table I 

BicTERii ScacEpriBix w Vitro to Strkptoiitciv 


Aerobacler aetogenea 
.tWligencs faecalU 
BniceOa ftboitus 
Bninlta meliteRais 
EbertiieUa typboia 
Eschwietua coU 
Hemoptulus ducteyv 
Hemopbiltu ioflueotae 
Umopbilva petluMu 
Klebsiella ozecae 
Kl«b$ielk poeunotuae 
KeUseria goaonhoeae* 
KeUseria iotKcellulana* 
PasteurelU peitu 


PaaUuietla tukTcnsis 
Proteus morganii 
Proteus vulgam 
Pseudomoaas aeruginosa 
Salmonella species 
SbigeUa speaes 
Stteptobaolius moiulitonnis 
Acliootojxes bovis* 

Bacillus antbracis* 
Cory&ebaelerium dipbtberue* 
Diploeoectis pneumoDue* 
Myoobacteriuzn tuberculosis 
SUpbjIoeocci* 

Sbeptococci, bn»cJii»c* 
Slreptocom, noahemolytic 


• Peiiicillin-scnsitive 


TABLE 4 

Oboswssis Svscemtwx to Peociluji 


Actinomyces 
Bacillus anthracU 
Bacillus subtilis 
Borrelia novyi 
Clo'jtHdium botuliQum 
Clostridium perfnngcoJ 
Clostridium sfplicum 
Qositidium tetam 
Corynebaclerium dipbtberbe 
Diploccccus pneumoniae 
Leptospira iclerobaenion'bagiae 
Slicrocoeci (some strains) 


b'eisscna gonorrbocae 
Neisseria istraceilularis 
SpuUIum minus 

Stapb^ococcus albus (some strains) 
Suph}Iococcus aureus 
Streptobacillus mombformb 
Str^tococci (micro-aeropbilic) 
Streptococcus pyogenes 
Streptococcus salivarius 
Tr^Kmema pallidum 
Virus ot psittacosis (ornitbosis) 


formly susceptible to the same agents, and this mahes it highly desirable 
to test the sensitivity of each particular organi'un against the drug which 
is to be used. Since treatment should usually be commenced at once, the 
results of this laboratory test will serve as a check on the accuracy of the 
choice of drug which has been made. 

Factors trthibitinff the artints of the drugs under consideration some- 
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times play a part in choice of agent. The bacteriostatic activity of the 
sulfonamides is destroyed by inhibitors found in wound exudates, ne- 


TABLE 3 

ANTin\cTEniAi. Spectrum of Bacitracin* 


(Preliminary Survey) . 


Organisms 

Atrohic Bacltria 

Hemolytic streptococci 
Group A, B, C, G. . 

Group D 

Nonhemolytic streptococci . 
Pneumococcus 
Tj-pe 1, 11, III, XVIII 
Tj-pe XXXII ... 
Staphylococci (coagulase) . . 

Other micrococci 

Diphtheroids..... 

Clostridium diphtberiae 

Meningococcus 

Gonococcus 

Bacillus anthracb 

Badllus subtilis group 

Eschericbia coli 

Aerobacter aerogenes 

Aerobacter cloacae 

Proteus 

Pseudomonas aeruginosa . . . 

Alcaligenes faecalis 

Eberthella t^Tihosus ... 


Sensitive 

to 

Bacitracin 
(m units)* 


0.008-0.0003 

3-0.008 

S-0.02 


0 008-0.002 
0.015 

2.5- 0.05 

2.5- 0.005 
0.005-0 003 
0.015-0 001 

0.01 


8-12 5 


Resistant 

to 

Bacitracin 
(in units)* 


100 

100 

100 

100 

100 

100 

100 

100 


Anatrohio Bacteria 

Clostridium T\elchii... 0.025-0.002 

Clostridium seplicum 0.008-0.002 

Clostridium sordellii . 0 01-0.005 

Clostridium novi*! 0.01 

Clostridium telani 0.01-0 000 

Clostridium histolyticum 0 01-0.001 

Nonhemolj-tic streptococci 0.01-0 005 

Micrococci 0.05-0.003 

Diphtheroids q 


* 0116 unit is tlie amount of antibiotic which can be diluted lOOO times .ind still iti- 
Iiiliil the growth of a test strain of beta hemolytic streptococcus. 

crollc tissues, and pus. The "peptones” present in these materials have 
been shown to inhibit the sulfonamides in vitro,*® and the inability of 
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sulfonamifles to penetrate pus and necrotic tissue has been a common 
observation Tbe value of the sulfonamides is further lessened by the 
frequent occurrence in surgical infections of Ujc organisms not suscepti- 
ble to sulfonamides, Neither penicillin, streptomycin nor bacitracin is 
inactivated by pus or necrotic tissue. Certain organisms, bon-ever, es- 
pecially the gram-negative bacilli and most of the gram-positive spore- 
forming bacilli, are capable of inhibiting tiie bactericidal activity of 
penicillin through production of a peniciUmase.*®' In mixed culture 
with penicilUnasc-ptoducmg organisms, even susceptible staphylococci 
and streptococci may proliferate unimpaired in the presence of peai- 
cilUn. No comparable enzyme capable of inhibiting bacitracin^ or 
streptomycin®' has yet been described. 

One lujiitalion of streptomycin is tiie frequent occurrence of insensitive 
organisms in an infection which appears pnmatily to be clearing under 
streptomycin therapy. This has been thought to be similar to the 
phenomenon observed less often in connection with penicillin, and ex- 
plained on the liasis of the initial presence of a feiv resistant mutants 
whose progeny survive and finally predominate througli a process of 
genetic transmission and continuous selection.^ Subsequent experi- 
mental Work demonstrates the same manner of evolution of strains re- 
sistant to streptomycin.* 

Toitc reactions to these agents may be severe. Tlie toxic renal and 
bjiiersensitivity reactions to sj'slemicaHy distributed sulfonamides are 
too well known to require discussion. Toxic sequelae of penicillin therapj' 
are comparatively rare, and most commonly take the form of minor 
cutaneous and febrile reactions of a presumably allergic nature How- 
ever, severe varieties of sudi rcactious have been described. 

The most serious toxic effect of streptomycin is that on the eighth 
nerve. The harmful effects of slreplottiycm on the otic mechanism are a 
function of dosage and duration of administration of the drug. As the 
dosage increases, the percentage of patients showing vestibular dis- 
turbances rises, and at the higher dosage levels auditory involvement is 
more apt to occur.*® In avoiding otic complications, Fowler recommends 
that dosage be figured in terms of milfigrams per kilogram of body weight 
per day rather than simply in grams per day.” The dosage combining 
good therapeutic effectiveness for most conditions (excluding miliary 
tuberculosis and tuberculous meniniptis) with minimal eighth nerve 
damage appears to be 20 mg. per kilogram per day.“ The practice of 
administering the entire amount for the day in one or two large doses is 
considered more likely to cause otic injury than if smaller fractions are 
given at about three hour intervals.” Careful histologic studies of all 
known vestibular and auditorj’ tracts and nuclei failed to identify the 
site of damage to the otic meelamsm” Audiogram testing before in- 
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slitution of tlierapy serves as a base line for subsequent testing of hear- 
ing loss. Quantitative caloric tests will detect early damage to the 
labjTinth mechanism, as will the development of nystagmus on lateral 
gaze.’* Prompt cessation of streptomycin therapy results in arrest of 
otic damage, and in some instances considerable recovery occurs, par- 
ticularly through development of compensatory visual and propriocep- 
tive devices. 

The toxicity of bacitracin cannot be fully evaluated until a pure crys- 
talline preparation is available. The presently available amorphous 
material has not caused toxic effects when used locally or topically. Its 
systemic administration, however, has been associated with manifesta- 
tions of lower nephron nephrosis in a significant proportion of treated 
cases. In most instances these manifestations have consisted of mild or 
moderate degrees of albuminuria and cylindruria of brief duration with- 
out evidence of ominoiis kidney damage. On a few occasions significant 
impairment of phenolsulfonphthalein excretion and elevation of blood 
urea nitrogen have been produced- In the most severe reaction observed 
at the Presbyterian Hospital, the patient developed oliguria (45 cc. of 
urine in twenty-four hours) and elevation of serum urea. nitrogen to 
127 mg. per 100 cc. Improvement of renal function took place following 
cessation of intramuscular bacitracin therapy.** It is to be emphasized 
that this toxicity has been observed after use of an impure preparation. 
Wiether such nephrotoxicity is a part of the antibacterial fraction of the 
present material cannot be stated until the chemical nature of the ac- 
tive antibiotic agent is known and a pure preparation is available for 
study. 

The antibacterial spectrum of bacitracin is approximately that of 
penicillin, with an important advantage over penicillin as regards varia- 
tions of susceptibility of different strains of a given organism. That is 
to say, many organisms ordinarily considered sensitive to a given anti- 
biotic agent develop strains which are resistant. Among groups of or- 
ganisms thus far studied, more organisms have been penicillin-resistant 
and bacitracin-sensitive than have been bacitracin-resistant and peni- 
cillin-sensitive.^ This fact plus iJic absence of any known inhibitor fac- 
tors makes bacitracin a useful drug to employ in those infections which 
do not respond to penicillin either because of strain insusceptibility or 
because of the presence of penicillinase-producing organisms. 

MAINTENANXE OF PLASMA LEVELS OF ANTIDIOTICS 

In e-arly work with penicillin it was assumed that plasma pcuicillin 
concentration should be mainlamed coostanlly at or above the level at 
wjiich the organism under attack was killed by penicillin in vitro. Tliis 
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concept was taken by analc^' from the experience with sulfonamides 
where unremitting maintenance of effective levels was demonstrably 
required. Apparent confirmation of this principle has come from ex* 
perimental work establishing clearly: (1) that penicillin is actively bac- 
tericidal in vitro,’® ** ” “'®*-****^ provided an adequate concentration 
of the drug is de^'elopcd and (2) that tim rate of bactericidal action is 
accelerated by increase of pcniciUin concentration up to a maxiroally 
effecti%’e concentration.** 

The maintenance of relatively constant bactericidal penicillin plasma 
levels has been accomphsbed with varying degrees ol success by several 
means* (1) continuous intravenous administration, (3) continuous in- 
tramuscular admimstratioa; (3) frequently repeated intramuscular in- 
jections, (4) a slowing of absorption of peniciUin by use of slo^vly dis- 
persed %’ehicles, and (5) retardation of renal excretion of penicillin 

An apparatus has been coaalrucled for tlie slow, conUnuous adminis- 
tration of the drug m solution cither intramuscularly or intravenously. 
The day’s dosage is dissolved in 2 cc. of distilled water and slowly in- 
jected nt constant rate over the twenty-four hour period.* 

Hetardatiou of absorption has been accomplished by use of penicillin 
in an oil and beeswax base** and procaine penicillin in oil-**'* The oil 
and beeswax base has the disadvantages of causing local pain after 
injection, appreciable incidence of generalized allergic reactions, and 
occasional production of sterile abscesses Early reports indicate pro- 
caine penicillin in oil to be free from Uiese disadvantageous features. 

Slowing of the rate of cxcrcltoQ of penicillin has been aohicveil by 
use of caronamidc *■ ‘ This compound has been shown capable of pre- 
venting loss from the body of 80 per cent of the penicillin normally 
excreted bj' the kidneys. The mode of action of caronamide is a block- 
ing of the renal tubular transport mechanism by which most of total 
urinarj' penicillin is excreted. The 20 per cent of total urine penicillin 
lost by glomerular filtration is unchanged. The renal function returns to 
normal after caron.'unidc odmimstration is stopped.*-* Now that peni- 
ciUm IS abundantly available, caronamide seems only infrcqoentJy 
indicated. Its use should be considered in (1) desperately serious in- 
fections caused by organisms relatively insensitive to even high con- 
centrations of penicillin, (2) the oral use of penicillin, A real disadvantage 
of caronamide admimatraUon is the large amount of the drug required 
to briog about significant relenlion of penicillin and subsequent eleva- 
tion of plasma level. 

It now appears that continuously «jslained elevation of plasma peni- 
cillin levels is not essentiol to the successful treatment of most infec- 
tionsjiue to susceptible pyogenic organisms. It has been shown that 
when susceptible organisms haw been exposed for brief periods to 
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penicillin in vitro, the organisms whidi survive do not begin to multiply 
until some time has elapsed after neutralization of the penicillin Tvith 
penicillinase.®^ TVTien susceptible organisms were exposed to penicillin 
in \dvo (mice), there was a persistent antiparasitic effect of the peni- 
cillin long after its disappearance from the plasma.*^' 

The continuing deaths among the bacterial population after disap- 
pearance of penicillin from the blood stream is probably the result of a 
combination of several factors: (1) some organisms are injured beyond 
recovery by the penicillin before its disappearance; (2) persistence of 
penicillin in the tissues after it is no longer detectable in the plasma; 
(3) synergistic action of body defenses and antibacterial effects of the 
drug.** 

To see if the same considerations obtain in the case of streptomycin, 
this agent was used to treat Klebsiella pneumoniae peritonitis in mice. 
The results from administration of the drug every four hours were not 
significantly better than those when the interval between doses was 
eight hours, and only slightly better than when a schedule of three 
doses at twenty-four hour interA’als was followed.®* 

Thus the trend has been away from the complicated and difficult 
means required for continuous maintenance of bacteriostatic plasma 
antibiotic levels and toward the more practical scheme of larger doses at 
inlcr^'als of eight to twelve hours. So far, clinical e.xperience has seemed 
to justify this trend.* 

The high, relatively constant plasma antibiotic levels are still used 
for the treatment of subacute bacterial endocarditis, bacteremia, severe, 
extensive rapidly invasive infections, and in other conditions where 
the patient’s life or limb seems to be endangered by the infectious ele- 
ment of his disease. In such conditions large doses are given at three 
hour intervals. In general, doses have tended to grow larger in recent 
years, as the antibiotics have become more abundant and less expensive. 
In the case of penicillin another contributing factor toward increasing 
doses has been the relative absence of toxicity of this drug. 

PRODUCTION OF HIGH ANTIDIOTIC CONXENTRATIONS LOCALLY 

Several different routes of administration have been investigated in 
an effort to produce higher tissue concentrations of antibiotic drugs 
intcrmillcnlly than is possible by Ibc routes commonly employed. The 
intra-arterial injection of penicillin has been advocated in the treatment 
of extremity infections, and the local or transcutaneous administration 
of antibiotics is proving to be of considerable value. 

Intra-arterial administration of penicillin has been shown experi- 
mentally to maintain higher concentrations of the injected substance in 
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the extremity for longer periods than can be achieved by either intrs- 
muscular or intravenous administration.*® Other workers, however 
consider the mlra-arterial sdminbtration of penicillin no more effective 
than other systemic methods,® at least as far as clinical response is 
concerned. Tlje arterial route requires further study, but there would 
seem to be many therapeutic arguments in its favor. 

The local injedion of antibiotic agents at the site of infection is en- 
joying increased usefulness as previous prejudices against infiltrating 
infected tissues have been overcome by experience. As early as 1943 the 
Floreys were treating superficial pyogenic infections successfully by the 
direct surface application of penicillin solutions to infected wounds,^* 
and more recently it has been observed that the antibiotics may be in- 
jected directly into infected soft tissues. 

The method thus far has proved most effective in relatively superficial 
infections **' *^' **• ” **•** Concentrations ordinarily used are as 
follows* 

Femcillm 1000-&000 units per cc. 

Occaaonally 25,000-50,000 units per cc 
Streptomycin 200-600 units per oc 

Badtracin 600-1000 units per cc. 

The respective agents are dissolved in 1 or 2 per cent procaine hydro- 
chloride solution to minimize local pain. 

l. Cellulitis without abscess formation. The involved tissues are in- 
filtrated with the antibiotic solution, the higher concentrations being 
used for more fulminating infections This treatment is repeated at 
twelve to twenty-four hour intervals depending on the severity of the 
process until subsidence is evident — usually not more than two to three 
days being required. 

II Cellulitis with abscess. Pus is evacuated, using syringe and needle, 
and final choice of antibiotic is dictated by culture and sensitivity stud- 
ies. The cavity is irrigated with antibiotic solution at intervals of two 
to twenty-four hours. If the abscess is large and the patient is ill, a 
small plastic catheter brought out througii the dressing permits fre- 
quent instillation of antibiotic into the cavity. 'Where surrounding 
induration is extensive (os in carbuncles), the inflamed tissues are 
infiltrated with antibiotic solution at twelve to twenty-four hour inter- 
vals in addition to the local instillations via catheter into the cai ity. 

m. Involvement of serous and synovial cavities. In acute tenosy- 
novitis, acute bursitis, suppurative empyema”** and suppurative ar- 
thritis, it is usually unnecessary to perform orthodox incision and 
drainage, particularly d treatment can be carried out whhm » 
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the onset of the disease. Evacuation of pus and application of an effec- 
tive antibiotic solution directly to the site of infection can be performed, 
using needle and syringe in most instances. Good results are not antici- 
pated if the organism is strongly resistant to the available antibiotic 
agents. If the empyema is multilocular, the local treatment may fail 
because of inability to discover and enter all loculations. It is to be 
emphasized that re-expansion of the lung, combined with sterilization 
of the pleural space, is the aim of treatment of empyema. No case can 
be considered cured until the lung is expanded and the pleural space 
obliterated.*® 

Systemically administered antibiotic is used as a supplement in most 
cases of group III and in any instance in which the systemic reaction is 
severe or the infection threatens to involve a vital structure by direct 
extension. 

Advantages of the local method over systemic dosage appear to be as 
follows; (l) The higher tissue concentration obtained by local as com- 
pared with systemic administration makes variations of strain suscepti- 
bility a less critical limiting factor of success. (2) Incisions arc mini- 
mized or even obviated in many instances. (3) Smaller total dosage of 
penicillin effects a financial saving which is important in some cases. 
(4) Many infections which would necessitate hospitalization under 
orthodox therapy can be treated successfully on an outpatient basis by 
local antibiotic therapy. 

Conditions which have responded especially well are infections about 
the face, carbuncles, breast abscesses, and infections of the hand and 
fingers, including acute suppurative tenosynovitis and pulp space in- 
fections of the fingers. In treating breast abscesses by this metliod, it 
is essential to discover and irrigate individually each separate locula- 
tion. If a single closed pocket of a muUiioculated abscess is neglected, 
the treatment may not succeed. It has been interesting to observe that 
local edema and induration usually persist for many days after the 
active infection has become checked by direct injection of an antibiotic. 
This is especially noteworthy in breast abscess, where the residual 
process often resembles a breast tumor. 

The intrathecal administration of antibiotics for surgical infections of 
the central nervous system is a more widely accepted method of local 
antibiotic therapy. In some varieties of meningitis, such as the pneumo- 
coccal and tuberculous liTics, intrathecal administration is essential if 
good results are to be obtained. 

The Value of penicillin as an adjunct to the treatment of infections of 
the hand and fingers has been studied.^* ” One group has treated 
infections of the hand by tlic unorthodox method of meticulous excision 
of devitalized tissues from tlic primary’ site of infection and primarj’ 
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dosure of the wound. reniciiHn was used both locally in the wound and 
intramuscularly. The healing time was significantly reduced by this 
method,** 

CHEMOTHERAPY IN LARGE BOWEL SURGERY AND PERITONITIS 

Antibiotic agents are used in assodation with alimentary tract surgery 
in order to mminnizc the consequences of fecal soiling of peritoneal and 
wound surfaces either from the operative procedure or from subsequent 
leakage at the anastomotic site, also in the therapy of established peri- 
tomtis 

To date the oral administration of a nonassimilated sulfonamide 
such as sucemylsulfathiazole remains the most effective means of dimin- 
ishing the bacterial count of tlie inteatinal contents in preparation for 
elective surgery.** The use of oral streptomycin for this purpose has been 
largely abandoned for the following reasons:** (J) The striking reduc- 
tion of fecal bacterial count seen during the initial forty-eight hours of 
treatment in about 50 per cent of cases is usually not maintained. (5) 
As the bacterial count rises after this early fall, a large proportion of the 
surviving organisms display high resistance to streptomycin. A subse- 
quent peritoneal infection due to these resistant bacteria would probably 
not respond to streptomycin therapy (3) In many cases streptomycin 
has shown powerful antibaelenal properties at lower concentrations, 

^ but a parado-rical loss of acti\dly as the concentration is increased. 

For prophylactic antibacterial purposes after elective alimentary 
tract surgery, systemically administered sulfadiazine, penicillin and 
streptomycin remain the most effective measures. Because of its tox- 
icity streptomycin can be reserved for those situations where the threat 
of infection is most ominous. 

A mixture of sulfamjdon (roar/anil) and streptomycin has been demos- 
strated to be bactericidal to a variety of organisms when applied topi- 
cally.*****® Freshly contaminated experimental wounds with large 
amounts of necrotic muscle developed only minimal or no infection if 
thoroughly I.avaged and infiltrated with this combination of drugs im- 
mediately after contamination. TlTicii such topical application was 
delayed for three hours or more, infection occurred. 

Following operations opening the alimentary tract, the sulfamylon- 
streptomycin mixture has been used as a topical irrigating fiuid for 
peritoneum and abdominal wall wtmnds. In preliminary studies this 
measure appears to be an effective meaim of avoiding local infection due 
to fresh contamination of wounds with alimentary tract oi^anisms' 
and is being studied further. 

The control of established pmtonitis by modern antibacterial agents 
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supplementing intelligent operative and supportive measures provides 
one of the most spectacular advances in present-day surgery. 

In treating experimentally induced peritonitis wnth various antibac- 
terial agents in various combinations and by different routes of 
administration, best results were obtained using both penicillin and 
streptomycin in combination intramuscular!}’.*® All animals so treated 
survived, whereas all controls died speedily. Penicillin X, surprisingly, 
seemed more effective than penicillin G. The systemic use of penicillin 
and sulfadiazine in combination was not tried. In the treatment of 
peritonitis, penicillin dosage should be large — up to 1,500,000 units 
per day, but streptomycin dosage should not exceed 20 mg. per kilogram 
of body weight per day, and should be given at about three hour inter- 
vals. 


CHEMOTHEBAPV IN PULMONARY SURGERY 

The incidence of empyema following pneumonectomy, lobectomy, 
pulmonary decortication, esophagectomy and the like has been mini- 
mized by prophylactic systemic antibiotic administration, but the last 
two years have brought forth no noteworthy additions to knowledge in 
this field, save with reference to tuberculosis which will be considered 
later. The local antibiotic treatment of empyema has been mentioned 
above. 

The principle of topical application of antibacterial agent has for some 
lime been utilized in the treatment of bronchiectasis and lung abscess 
by nerosolization. Recently the bibliography of this subject has been 
reviewed and report has been made of a group of cases treated with 
success.” 

Lung abscess has been treated by U>c intrabronchial instillation of 
penicillin via a plastic lube, the patient being placed in the position to 
encourage the gravity flow of the penicillin into the abscess cavity.®® 
Of eleven patients, ten were cured; one patient 69 years of age, who 
was in bad general condition, dieil. 

CHE.MOTHEnAPY IN BONE LESIONS 

I’yogcnic infections of bone have shown rapid subsidence on systemic 
antibiotic therapy in a large proportion of cases. A recent review of 138 
cases of acute hematogenous osteomyelitis in children points out the 
rapid and dramatic subsidence and abortion of the bone infection be- 
fore changes leading to chronicily can occur.** 

Compound fractures treated by internal fixation require powerful 
prophylactic systemic antibiotic protection after operation. Penicillin 
is the dnig of choice, but slrcptomydn may also be given for a few days 
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when uBusually severe contamination has existed. I» the uncommon 
case 'Where drug hypersensxtivjty on the part of the patient prevents 
the use of penicillm, bacitracin may be employed as an altemative, 
with due regard for its toxic potoittaiities 

STREPTOMYCIN IN TCBEBCULOSIS 

It IS difficult to assess the value of streptomycin as an adjunct to tlie 
management of tuberculosis in general because of the relatively short 
time the drug has been used in the treatment of this very chronic dis- 
ease. ^Mn!e more experience is necessary for an accurate appraisal of 
ultimate worth, certain observations have been made. 

“Under certain circumstances, streptomycin appears to lessen or 
prevent furtlicr muUipheation of tubercle bacilli in the lesions of human 
tuberculosis, but this suppressive effect is of limited duration. After a 
few weeks or months of continuous treatment, streptomycin-resistant 
tubercle bacilli may appear and fail to yield to streptomycin therapy. 
Fortunately, there are types of tuberculosis in which it appears that 
only temporary suppression of the infection is necessary in order to 
permit natural defensive mechanisms to gain ascendency.”** 

The radical excisional treatment of pulmonary tuberculosis is now an 
established practice That tuberculous tissue can be traversed at radical 
operation with relative safety is due largely to the protective action of 
streptomj'cin administered syatemically in conjunction with the opera- 
tion Streptomycin used in this manner may serve either or both of two 
purposes: (I) preoperative suppression of the active tuberculous process, 
so that radical excistonal treatment may be carried out with greater 
safety, (2) protection against postoperative “spreads” or reactivation. 

The relative importance of these two functions will help determine the 
duration of streptomycin administration before operation as preparation 
for operation and the duration of postoperative streptomycin therapy 
as protection against spread or reactivation. The schedule should be 
carefully planned in advance so that the maximum total time — pre- 
operative and postoperative — during which streptomycin effect is re- 
quired preferably does not exceed si-t weeks. Beyond this period the 
proportion of resistant as compared to sensitive tubercle bacilli may 
render streptomycin of little or no value. 

Similarly the administration of sdreptomycia as a supplement to one 
of the less radical operative procedures as for example, thoracoplasty, 
is usually undesirable unless a real indication exists; such a measure 
may leave the patient with resistant tubercle bacilli which will 
streptomycin valueless at some later lime when more urgently needed, 
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as with a lobectomy or pneumonectomy." It should be recognized, how- 
ever, that favorable clinical responses to streptomycin have been ob- 
tained in some cases although the tubercle bacilli had already become 
resistant to streptomycin in vitro. 

The advent of streptomycin therapy has made it practical to subject 
the patient with pulmonary tuberculosis to such radical operative pro- 
cedures as lobectomy, pneumonectomy, pleuropneumonectomy, in the 
presence of tuberculous empj’ema,** • ** and excision and primary closure 
of tuberculous abscesses. Fifty-nine of a group of si.xty tuberculous 
sinuses closed spontaneously under treatment with systemic streptomy- 
cin.* 

The drug is decidedly effective in tuberculous laryngitis and bron- 
chitis,^^ though some tendency to recur has been noted. 

Tuberculosis of the urinary tract was studied with encouraging re- 
sults.” On large doses of streptom3’ciii intramuscularly, five of six pa- 
tients with early tuberculosis of the kidney showed prompt clearing of 
tubercle bacilli from the urine, and eighteen months later the urine of 
these five patients is still free from tubercle bacilli. Of ten patients with 
advanced renal tuberculosis, the tubercle bacilli disappeared from the 
urine of five. After eighteen months, these five patients still show no 
tubercle bacilli in the urine and are asj’mptomatic.** Other workers 
report that to date actual arrest of disease has been rare.** 

Tlie small amount of work done on the use of slreptomj’cin in bone 
and joint tuberculosis does not permit even tentative conclusions.®* 

SUMMARV 

A report is made of recent advances in tlie treatment of surgical in- 
fections by penicillin, streptomycin and bacitracin. 

In the present state of knowledge concerning antibacterial agents, it 
is still important to determine the organism causing the infection under 
treatment and also to know to wliich of the available antibiotic drugs 
the strain of organism is most susceptible. 

Factors inhibiting the aclivitj' of the drugs under consideration arc 
discus&ed, as are tlic importance of resistant strains of organisms and 
some of the toxic reactions to these agents. 

Earlier experience with penicillin and streptomj'cin indicated tliat 
plasma concentration of tlicse drugs should be maintained constanlb' 
at or above the level at which the organism under attack was killed by 
the drug in vitro. Subsequent work indicates that the results are essen- 
tiall^- the same if the drug is administered in larger doses at intervals of 
eight to twelve hours instead of being adimnistered by some one of the 



444 EWiEn K. s.wBias, John b. locjavooD 

more trouWesonje methods formerly used to achieve high, relativelv 
constant plasma conccntxalions. 

The local use of antibiotic agents in the treatment of surgical infec- 
tions is gaming increasing acceptance. This method appears to Lave 
real advantages o\'er the systemic method of administration and is 
being further evaluated. 

The arterial route of administration of penicillin has been employed 
to a limited extent, and there is reason to believe it will find increasing 
usefulness in the treatment ot fulminating acute infections of the ex- 
tremities. 

The oral administration of the nonassimilated sulfonamides is still 
the most effective means of reducing the number of bacteria in the in- 
testinal tract in preparation for elective surgery of the bowel. For several 
reasons the use of oral streptomycin for this purpose has not proved 
successful. 

For the treatment of established peritonitis the systemic administra- 
tion of penicillin and streptomycin in combination has achieved spec- 
tacular success, when used in conjunction with proper operative and 
general supportive measures. 

Some of the advances in thoracic surgery made possible by the use of 
modern antibiotic agents are described. 

In pyogenic bone infection, the employment of large intramuscular 
doses of the appropriate antibiotic agent remains the most effective 
addition to properly timed operative treatment The timing of opera- 
tion has been altered by the advent of these agents, and in many cases 
operation has been obviated 

The use of streptomycin has enabled the thoracic surgeon to traverse 
tuberculous tissue in the cxdsional treatment of pulmonary tuberculosis. 
If the period during which streptomycin is administered exceeds four 
to six weeks, the increase of the proportion of resistant strains of the 
tubercle bacillus may render the drug of little or no value. The plan of 
treatment has to be made with this fact in mind. It is not, however, an 
invariable rule. 

Streptomycin appears as a. promising agent in the treatment of uri- 
nary tract tuberculosis, but requires further study. 

The remarkably effective modem antibacterial agents and tJie im- 
proved methods of using these agents in the treatment of surgical in- 
fections constitute an invaluable addition to, rather than a substitute 
for, intelligent surgical tnanagement and thorough application of general 
supportive measures. The plun'of management is directed at care of a 
patient aiDicted with an infeclion rather than at the chemical therapy 
of a focus of infection alone. 
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more troublesome methods formerly used to achieve high, relatively 
constant plasma concentrations 

The local use of antibiotic agents m the treatment of surgical mfec« 
tions is gaining increasing acceptance. This method appears to have 
real advantages over the systemic method of administration and is 
being further evaluated. 

The arterial route of administration of penicillin has been employed 
to a limited extent, and there is reason to believe it will find increasing 
usefulness in the treatment of fulminating acute infections of the ex- 
tremities 

The oral administration of the nonassimilated sulfonamides is still 
the most effective means of reducing the number of bacteria in the in- 
testinal tract in preparation for elective surgery of the bowel. For several 
reasons the use of oral streptomycin for this purpose has not proved 
successful. 

For the treatment of established peritonitis the systemic administra- 
tion of penicjlha and streptomycin in combination has achieved spec- 
tacular success, when used in conjunction with proper operative and 
general supporli^'e measures. 

Some of the advances in thoracic surgery made possible by the use of 
modern antibiotic agents are described. 

In pyogenic bone infection, the employment of large intramuscular 
doses of the appropriate antibiotic agent remains the most effective 
addition to properly timed operative treatment. The timing of opera- 
tion has been altered by the advent of these agents, and in many cases 
operation has been obviated. 

The use of streptomycin has enabled the thoracic surgeon to traverse 
tuberculous tissue in the excisional treatment of pulmonary tuberculosis 
If the period during which streptomycin is administered exceeds four 
to six weeks, the increase of the proportion of resistant strains of the 
tubercle bacillus may render the dnig of little or no value. The plan of 
treatment has to be made with this fact in mind. It is not, however, an 
invariable rule. 

Streptomycin appears as a promising agent in the treatment of uri- 
nary tract tuberculosis, but requires further study. 

The remarkably effective modern antibacterial agents and the im- 
proved methods of using these agents in the treatment of surgical in- 
fections constitute an invaluable addition to, rather than a substitute 
for, intelligent surgical management and thorough application of general 
supportive measures. The plan' of management is directed at care of a 
patient afflicted with an infection ratlier than at the cliemical therapy 
of a focus of infection alone. 
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With the technical assistance of Lilly Schmidt and her staff of biochemists and 
of Alary Coughlin and Alary Fluellen and their nursing staff 

Tins study deals with two aspects of protein nutrition in cancer; (I) 
The problem of feeding, and (II) The changes in body constituents 
having to do with tlic protein status. 

I. THE PRODLEM OP FEEDING 

The problem of feeding involves a study of the adequacy of the hospi- 
tal dietarj’ and of the use of special dietetic regimens. 

The hospital dietary was tested under two sets of conditions; (a) a 
three-day period when the paUent was served food routinely prepared 
in the hospital kitchen and allowed to eat as he pleased and (6) a subse- 
quent three-day period when the patient was urged to eat of the same 
dictarj* to the limit of his tolerance. For the sake of brevity, these levels 
of intake may be tenned the tohtniary and the suasion levels. Under both 
levels, the articles of diet prior to being served were weighed. After the 
meal, the residue was re-weighed and the ingested caloric and nitrogen 
values were computed from diet tables. The urine and feces were col- 
lected and analyzed according to methods described previously.* The 
averagetl values for each of the two three-day periods appear in Table 1. 

From the Surgical Laboratories, Department of Surgery and the Third (New York 
University) Surgical Divblon of Bellevue Hospital, New Y'otk City. 

The work described in this paper was initialed in 1943, and continued in 1944 and 1945 
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1917, it Was supported by grants from Johnson &; Johnson, Mead Johnson &, Company, 
E. R. Squibb & Sons, Eli Lilly & Company, Tbe .Arlington Chemical Company and the 
J. B. Roerig Company. 
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TABLE 1 

Avebaqe Values undeii me Volxwtaht aWb Soasiov Leveia of Peediao 


0 S-g 35 

55 -g Q o fte 

1 '6 sa 

U t- < Ol" < 

Mouth A1 Ist 1170 5 4 01 

“ 2nd 1790 37 0 11.12 
A2 Ist S7£ 19.5 3 53 
“ 2nd 1770 38 0 10 03 
A3 Ist lies 27 0 7 31 

“ 2Dd 1815 31 0 U 15 

Ksophag- Bl lat 737 15 0 4 OC 

eal “ 2nd 1407 28 0 6 52 

B2 1st 1730 32 0 U 00 
“ 2nd 1093 35 0 12 25 
B3 1st 782 15 0 2 84 
" 2nd 1200 25 0 5 23 
B4 1st 533 22.0 5 25 
“ 2n<] 1310 30.0 12 62 



Jastnc Cl Ut 03024,0 5 31 6 49 1 02 -2 02 600 Weight losi 42%* 

“ 2nd 1120 28 0 0 84 7 70 1 02 +1 02 770 

C2 1st 805 19 4 6 12 6 45 0 02 -1 25 400 60% obstruction, 

“ 2nd 1572 31 0 9 43 7.95 0 98 +0 5 1400 35 5% wt loss 

C3 1st 48013 0' 3 09t 3 96 0 77 -1 G 610 Weight loss 35 4%. 

85% obstruction 

C4 1st 707 10 0* 5 02t 4 24 1.08 -0 32 630 18% loss of weight 
C5 1st — — — 8 08 16 98 — 1500 Weight loss 26% 

Ce 1st — — — 4 M I 13 — 430 Weight loss 27.27c 

?olon Dl 1st — — — 5 80 0 48 — 950 Weight loss 14%* 

lectal El Ut 803 11 0 10 33 7 49 4 26 -1 42 830 W'eight loss 11 87 d 

E2 Ut — — — 6 33 — — 775 


>\tra- FI 1st 1960 35 0 7 15 6 62 1 18 -0 65 1050 Weight loss 15 5% 

:astro- “ 2nd 2382 43 0 12.46 8 51 1.17 +4 57 200 

enteral F2 Ut 1722 27 0 9 02 7.62 0 82 +0 58 1323 Weight loss 12 7% 

“ 2nd2235]35.0 12.18 7 86 0.82 +3 54 1060 

* Calories lost in vomilus not subtracted, 
t Nitrogen lost in Vomitus subtracted 

AltogeUier fourteen patients were available for this two-fold study 
xA these had cancer of various levels of the gastrointestinal tract 
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and two had extra-gastroenteral lesions. The regional distribution ap- 
pears in Table 1, in which are also included four additional patients on 
whom onlj' the record of the urinarj’ nitrogen excretion w'as available. 

All these patients except Dl gave a history of weight loss, although 
the accuracy of the estimated loss was in most cases questionable. From 
the history of the premorbidity weight and the present weight W'as esti- 
mated the percentage weight loss of fifteen of the eighteen patients in 
Table 1, twelve of whom were in the feeding stud}* group. Only in four 
of these cases (Cl, C2, Bl and Dl) were the weight estimates given 
complete credence since they were confirmed bj* members of the family. 
These are asterisked in the table. 

The percentage weight loss in these fifteen cases ranged from 0 (Dl) 
to 42 per cent (Cl). All the patients except Dl also showed signs of 
weight loss, such as looseness of formerly well-fitting clothes and loose- 
ness and flabbiness of the skin. In B3, Cl and C8, there was pitting 
edema of the ankles. In this connection it may be useful to recall that 
in the records of weight loss compiled by Benedict* on his subject Levan- 
zin and on others, complete starvation in one week caused a loss of from 
6.4 to 9,80 per cent of the initial weight in ten c.xperiments ; in two weeks, 
a loss of from 10,05 to 12.9 per cent also in ten experiments; in three 
weeks, a loss of from 12.75 to 18.73 per cent in seven experiments; and 
in four weeks a loss of from 16.67 to 21.45 per cent in four e.\pcriments. 
In the subjects of the Minnesota Project,* there was a loss of 18.7 per 
cent in twelve weeks an<l of 24 per cent in twenty -four weeks of semi- 
starvation. During the latter period the stigmata of protein depletion 
as brought out in Part II of this paper had already developed to sig- 
nificant extent. 

The Voluntary Level of Intake. — The Caloric Intake . — It will be seen 
from the tabic tliat the total caloric intakes ranged from 480 to 2380, tlic 
per kilogram values being from 11 to 25 calories. If 25 calorics are taken 
as the minimal per kilogram caloric requirement for a j).atienl at rest, 
in only four (A3, B2, Fl and F2) was this requirement fulfilled. Of the 
four feeding cases in the gastric group (Cl, C2, C3 and C4), only one 
(Cl) approached the requirement level, tlie other three falling much 
below. 

Urinary A xirogen . — ^The average nitrogen excretion of a normal person 
on an average diet in this country has been stated to be 11.7 gm. daily.* 
In countries with inferior dietary, it is probably less. In tlie Belle%'ue 
Hospital where the patients were drawn from low economic strata, it 
rarely e.xceedcd 8.5 gm. daily. In the present series of eighteen, all tlie 
values fell below 8.5 gm. If the ranges of output were classified so tliat 
a level of from 8 to 10.5 gm. is considered slightly below normal; from 
0 to 8 gin., moderately low; from 4 to 6 gm., markedly low and below 
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4 gm., extremely low; then the uibogen excretion values in tliese cases 
are as follows: 

Case As .... slightly below normal 

Cases Cl, C2, E, E2, F and P2 . . low 

Cases A2, Bl, B2, B4, C4, C6 and D1 markedly low 

Cases A2, B3, C3 and C5 extremely low 

In order to give these values a frame of reference, it may be recalled 
that in Benedict’s subject Levanzin* it took thirty-one days of complete 
starvation to reduce the urinarj* nitrogen excretion from an initial value 
of 11.54 to 6 04 gm dunng which time he lost 12 55 kg. or 22 per cent 
(from 60 94 to 47 39 kg ) ; and 277.32 gm. of urinary nitrogen 
Fecal Nitrogen . — Taking 1.5 gm. as the standard level of excretion in 
the normal individual, the fecal nitrogen values were generally low 
except in one gastric case (C5) and in the two rectal cases (El and E2) 
in whom there was hemorrhage. The other values are consistent with 
semistarvatioQ levels of excretion. 

Nitrogen Balance — Throughout Uiis first three-day period, the ni- 
trogen balance was positive in only two of the fourteen cases (esophageal 
case B2 and extragastroenteric case F2). In all tlie others, the balance 
was negative It is possible that in the presence of protein depletion 
when both the caloric requirement and nitrogen excretion are markedly 
reduced, nitrogen equilibrium might have been achieved from intakes 
above 6 gm. of nitrogen, in the presence of adequate caloric intake. 
However, a combination of caloric and nitrogen adequacy was rarely 
present. It will also be seen that the negative nitrogen balances were of 
a low order of magnitude, most values ranging from a fraction of a gram 
to slightly over 1 gra., only one reaching 2 02 gm. (Cl). 

Urinary Volume . — Except in three cases in whom the urinary volumes 
were over 1000 cc. a day, in all the eleven others it was well below. In 
some instances the volume was reduced to slightly over 400 cc. a day. 

Comments. — A number of points emerge from the above analysis 
which it will be worthwhile to discuss. The first is that, in the presence 
of a malignant tumor, a patient left to his own devices will not ingest 
enough calories or nitrogen to keep in nitrogen equilibrium. There seems 
to be a trend for the intake to be least impaired in the extragastrocnteral 
cases, and more in the gastrointestinal cases. In the latter group the 
least severe restriction occurred in the oral and rectal cases and tlie 
most severe in the gastric group. Whether this pattern holds true only 
here or more generally, bears further investigation. Needless to say, 
very low intakes occur in the obstructive cases A2, Bl, B3, B4, C2 and C3 
Secondly, it is api)arent from tliis low urinary excretion that cancerous 
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growths are not necessarily accompanied by large nitrogen losses and 
that in the presence of protein deplcUon a mechanism of conservation 
of nitrogen which is at work in noncancerous protein depletion is also 
operative in the presence of cancer. The “toxic destruction of proteins” 
reported by iSlueller* and b}’ Klemperer* in cancer cases seems rather 
to be the exception than the rule. Thirdly, the nitrogen excretion in the 
stool is of a low order of magnitude, unless there is hemorrhage or marked 
exudate loss, in which event tliis loss can be larger than the urinary loss. 
Fourthly, the nitrogen balance is usually negative in spite of the attempt 
to conserve nitrogen. The negative balance at this time is of a low order 
of magnitude, but if the same mechanism operates as in the case of simple 
starvation, it was probably of a higher order in the earlier stages when 
the body stores were larger. If the body lost steadily over a period of 
three montlis, saj*, 2 gm. of nitrogen a day, the total loss would be 180 
gm. of nitrogen which alone would account for 5.4 kg. of tissue. 

The Suasion Level of Intake. — This second period started immediately 
after the end of tlie first, and in the table is labeled Second Period. 
Among the fourteen patients, Uie attempt to force the intake of hospital 
diet by persuasion to the point of positive nitrogen balance was appar- 
ently successful in all but five (B2, B3, C3, C4 and El). B3, C3 and El 
were cases of obstruction and in all of them tlie attempt to raise the 
intake provokc<l vomiting and a greater food rexiilsion. Among the 
nine successful cases, two were already in positive nitrogen balance 
(B2 and F2) and in four (A3, Bl, Cl and C2) the positive balance was 
of such small magnitude (from 0.5 to 1.73 gm.) as to raise the doubt that 
this positive balance was only apparent, not real. This is so because 
most sources of error in the nitrogen balance bookkeeping favor the 
positive side. Among these factors may be mentioned the losses which 
have not been taken into account; namely, the loss in sweat, in shed 
hair and epitlielium, in expectorations and in Uie small losses incurred 
in the process of saving urine and stools. 

In tlie otlicr five cases (Al, A2, B4, Fl and F2) the positive balance 
was of significantly high magnitude ranging from 2.85 to 4.57 gm. It 
must be mentioned that the apparent regularity of positive nitrogen 
balance in these four cases during this study is somewhat deceptive, 
inasmuch as the appetite is so capricious that three of tlicm subsequently 
refused feeding the next few’ days. However, even granting that tins 
positive balance could be maintained at will, from the practical clinical 
standpoint, even tlie highest of these positive values, +4.57 gm., is not 
too useful. Because of Uie increasing danger of metastasis, a surgeon 
does not feel safe in assigning more than seven to ten days for this 
“building-up” process. An organism which has lost 12 kg. for example, 
has lost Uieoretically nearly 400 gm. of nitrogen. Seven days of regularly 
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flepositmg 4.57 gm of aitrogcn daily would restore to the liody S2 gm,, 
which is Jess than 10 per cent of the dehdt Thus the attempt to force- 
feed cancer patients with hospital food into a cliaicaliy useful lex’el of 
nitrogen balance does not seem to meet with eminent success. 

Hyperproteinizafion. — For the rapid replenishment of such ptoleiaa 
in depleted cancer patients, special protein concentrates and hydrolysates 
occupy a unique place 

A comparison may be made between the ingestion and absorption of 
meat and of protein hydrolysates A piece of baked steak weigbrng \ 
pound contains about 7.5 of oitrogen and occupies a volume of 
about 200 cc., allowing for shrinkage from cooking. It has to be diewed 
before it is swallowed. It takes ninety minutes after ingestion before 40 
per cent and four and one-half hours before 00 per cent of it leaves the 
stomach.’ The alpha amino nitrogen in the blood docs not reach peak 
for two to three hours, after which it takes that much time again to 
recede to initial level. Because of thb delayed emptying and the pro- 
longed hj’perammoacidenua, the sense of fullness and satiety which bars 
further food intake may persist lor lour to five hours. 

An equivalent amount of protein hydrolysate takes a volume of from 
75 to 100 cc. No chewing is necessary and the dose can be drank in one 
gulp Given as a medicine it circumvents nnoreaia and food repulsion. 
The amino nitrogen level begins to ditnb in four minutes and reaches 
peak in from twenty to forty-five minales, receding to normal in less 
than an hour. The sense of fullness and satiety is transient and, even 
with twice this dose, the blood amino nitrogen level will revert to initial 
within an hour. Because of these differences it is possible to give much 
higher nitrogen intake w'ilh protein hydrolysates than with convention- 
ally cooked food. Protein concentrates and homogenized meats occupy 
an intermediate position between cooked meats and protein hydrol- 
ysates. 

That the administration of a large amount of special protein prepara- 
tions to protein-depleted patients results in an cstraordinarily high 
deposition of nitrogen and rapid recovery from the depletion was adum- 
brated in some of the earlier r^rts from this laboratory,*- * and has 
been discussed more fully in a recent communication.® The level given 
exceeds that of the traditionally high protein diet of 120 gm. of protein 
by from 100 to 400 per cent This massive method of replenishment is 
advisedly termed •‘hyperproteinization" in order sharply to distinguish 
it Irom the traditional “high protem diet” from whiti it differs so much 
quantitatively and in physiological effect. 

Generally speaking, protein concentrates may be used where there w 
no obstruction. The level of ioUike can rarely be pushed above 350 gm. 
■without causing flatulence and diaCThea For higher levels, homogcDized 
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meats and protein hydrolysates may be used to advantage. 
homogenized meat does not cause diarrhea and is more acceptable, it is 
much more costly. In obstruction cases with vomiting the product of 
choice is protein hydrolysates. 

In order that hyperproteinization may be used effectively, a number 
of points must be remembered: 

1. The large amount of proteins given must be accompanied by caloric 
adequacy, otherwise the proteins would be used for caloric needs. In 
our work from 50 to GO calories per kilogram have been adequate. This 
caloric supply is partly given by the protein product, but most by simple 
carbohydrate, usually dextrimaltosc, whose absorption time does not 
lag materially behind tlie protein product. 

2. Not more than 30 gra. should be given as a first dose. Because of 
the rapid absorption, higher amounts may lead to an hyperamtnoaci- 
demia that provokes vomiting. This vomiting is usually transient, and 
occurs within the first twenty minutes after ingestion ^^^len the vomitiis 
is analyzed, it is found to contain insignificant amounts of nitrogen, 
showing that the greater portion had already passed into the duodenum. 
The vomiting has been interpreted by many as toxic, but since it occurs 
when the amino nitrogen level passes D mg. per 100 cc. and since it is 
known to occur in intravenous injections, it may well be due to stimula- 
tion of the vomiting center. It is because of this emetic effect that hy- 
drolysates must be given in small divided doses preferably at hourly 
inten.’als. To be sure, a sudden large access of amino acids into the blood 
would cause more rapid deamination and spillage in the urine, but a 
higlier amount is also offered for storage and this advantage to the or- 
ganism would seem to counterbalance the two disadvantages. 

3. A high level of nitrogen intake in either protein concentrates or in 
hydrolysates may provoke diarrhea. This can usually be corrected by 
file administration of colloidal kaolin or aluminum gel given in table- 
spoon doses nith each feeding if necessary. 

The nutritional response of six protein-depleted cancer patients to 
hyperproteinization is summarized in Table 2. Bl, C2, C3, E3 and E4 
had the regimen preoperativcly, ie., with the growth in situ. E3 and 
E4 were again subjected to the regimen after the growth was removed. 
An additional case, C5, had fiie regimen only after removal. There were 
thus eight c.Yperiments on the six patients, two of whom (E3 and E4) 
served ns their own controls. It will be seen from Table 2 that fiie periods 
of hyperproteinization lasted from five to ten days, fiiat file caloric in- 
take ranged from 30 to CO per kilogram of body weight; that the nitrogen 
intake ranged from 27.01 to 53,78 gm. of nitrogen per day, or from 0.45 
to 0.79 gm. of nitrogen per kilogram of body weight, that the urinary 
nitrogen excretion ranged from 10.67 to 16.42 gm. per day, that, except 
6 
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for the rectal cases preoperatively (E3 and E4), the fecal nitrogen vras 
small in comparison with the intake nitrogen, that the nitrogen deposi- 
tion ranged from 10.12 to 35.38 gm., and that the weight gains ranged 
from 0 (E4) to 5.69 kg. It is to be remarked that the level of nitrogen 
intake is from 150 to over 300 per cent that of the traditional “high 
protein intake.” E4 is puzzling in that with a deposition of over 100 gm. 
of nitrogen preoperatively, no weight gain was registered. If the thio- 
cyanate space had been determined on this patient an evplanation for 
this stationary weight might have been supplied by a drop in the post- 
feeding thiocyanate space. 

^^^lile these few cases are not conclusive, this study so far has shown 
that protein-depleted cancer patients can be hyperproteinized success- 
fully with resulting large nitrogen balances and weight gains. There 
seems to be a tendency for those with the growtli in situ to be able to 
ingest less than after its removal, which may e.vplain the larger positive 
nitrogen balance and larger weight gains in the postreraoval cases. De- 
spite this tendency the positive balances in the patients with cancer in 
situ have been from 200 to 400 per cent of the highest retention in the 
suasion level of hospital food regimen. 

Up to this point there does not seem to be any striking differences in 
the nutritional behavior of cancer and noncancer cases of protein <leplc- 
tion to hyperproteinizalion. Tlicre is, however, a difference which will 
be brought out in Part II. 

Feeding in Cases of Obstruction. — Table 3 is the nitrogen balance 
record of C3 who had an 85 per cent obstruction of the stomach caused 
by a gastric ulcer. It will be seen that the vomiting following the inges- 
tion of cooked food disappeared entirely ^itii the administration of pro- 
tein liydrolysates. This ability of the protein hydrolysate to be tolerated 
m the presence of an obstruction has been encountered also in nonmalig- 
nant obstructions.*®’ ** 


It will be seen from Table 3 tlial the vomiting stopped immediately 
after tlie administration of the protein hydrolysates, that the nitrogen 
balance became positive, averaging more in the first three days, less in the 
next two days and still less in the Last two days. The body weight rose 
1.9 kg. in seven days. The SCN-S which originally was 17,470 cc. sixteen 
days before had fallen to 13,350 cc., (from 455 to 320 cc. per kilogram 
of body weight) after the hypcri)roteinization period, suggesting that 
the weight g;nu was not due to increased extracellular fluid. 


I he wisdom of hyperproteinizing patients with malignancy may be 
questionc<l in \acw of the possibility of the tumor itself also being stirmi- 
latcil into more rapid growth. This possibility may be partly counter- 
balanced by the possibility that malignant tissues may already he pro- 
liferating at a maximum rate and that the access of more nutriment 
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cannot accelerate the growth further. Neither possibility is capable of an 
early confirmation, and until tliat is done the surgeon must balance 
between the danger of operating on a poor surgical risk on the one hand 
and the danger of accelerating the development of the growth on the 
other. 

II. THE BLOOD CONSTITUENTS AND FLUID COMPARTMENTS 

The blood constituents and fluid compartments investigated were: 

The total plasma volume (PV) 

The plasma protein level (PP) 

The hematocrit (Hml) and 

The total thiocyanate space (SCN-S) 

From the first three primary values arc computed si.\' derivative values: 

The total blood volume (BV) 

The per kilogram (relative) plasma volume (TV/W) 

The per kilogram (relative) blood volume (BV/W) 

The total circulating plasma proteins (TPP) 

The per kilogram total circulating plasma proteins (TPP/W) 

The total red cell mass (RCM) 

The per kilogram body weight (relative) red cell mass (RCM/W) 

From the last primary value, the total SCN-S is calculated : 

The per kilogram thiocyanate space (SCN'S/\Y) 

Table 4 summarizes tlic finding in Iwcnty-six cases, sixteen of which 
were included in tlie eighteen cases in Table 1. In this present work 
single total values for P\', BV, the SCN-S, RCM and TPP were iisetl 
mainly as steps from which to derive tJie corresponding per kilognim 
values. These latter are more significant than the total values since the 
latter by themselves without the corresponding premorbidity values 
for comparison arc valueless. To derive the theoretical iJremorbidity 
total values from the history of normal weight or of wciglil loss is hazard- 
ous in civilian practice, unless it can be confirmed by other means. To 
determine these premorbidity total values from age and height tables 
IS etiually unreliable since the minimum and maximum weights may 
'arj’ as much as 34 per cent. Wierc serial detennlnations can be per- 
fonncil in the evolution of the picture of depletion and repletion as were 
done in the hypcrprotelnization work in Tables 2 and 4, Uie total values 
are useful. In tlic present jiaper more attention will be given to the per 
kilogram than to the total values. 
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Some reference has been made in Part I to the Minnesota Project 
under the directorship of Ancel Kej's,* where the changes undergone by 
thirty-two V’olunleers were carefully followed from tlie beginning to the 
end of twenty-four weeks of semistarration. This monumental work will 
go down in medical history as an extension and amplihea tion of the work 
of Benedict.^ It is so basic that it will serve as a point of reference for 
future work having to do with protein depletion. In our present work 
it nail be freely drawn upon in the appraisal of our own findings. 

The Per Kilogram (Relative) Plasma Volume (PV/W).— The PV/W 
is derived from the present plasma volume as delemiinc<l by the melliod 
of Gregersen'* and the present weight If the normal range is from 40 to 
55 cc., it will be seen from Table S that of the twenty-siv values none 
were below this range, seven were within this range while nineteen were 
well above, the highest being C2 with a value of 95 cc., which is a value 
high even for the standard per kilogram blood volume. Figure IC3 is a 
graphic representation of these individual twenty-six values and of the 
averages from each group. It will be seen tliat m all the groups the 
average values were well above the normal ranges. This hyperplasroo- 
volemia signifies a tendency to fluid plethora or hydremia of the blood, 
and has been reported in starvation cases at Bclscn by Mollison,'* in 
Japanese-held Indian prisoners of war by ^Valters et al.,*‘ in cases of 
protein depletion at the termination of nonmalignant diseases^^ and in 
the Minnesota Project* where in twelve weeks of starvation, the PV 
llropped from an initial of 3257 to 3200, the PV/W from 48.2 to 64.2; in 
twenty-four weeks tlie was 3541 and tlie PV/W 64 cc. 

The Plasma Protein Level (PP). — ^In addition to tlie twenty-six 
values given in Table 2, twenty-two other values with hematocrit are 
available from previous work on cancer cases, If the range between 6.25 
and 7 5 gm. per 100 ec. is taken as normal, between 6 and 6.25 as border- 
line and below 6 as definitely low, it will be seen from both Table 2 and 
Figure 1C4 tliat, except for the oral and the extragastroenteral groups 
in which the values were above the lower limits of normal, in all the 
odker fijargwerps' thects ffvee scsttcined, tftfctas}, 

low values. The most consistently low values, however, were found in 
the gastric group. The average of the rectal group was the next lowest 
u’hich nvis, howei’er, well within the noimal range. 

The Per Kilogram Total Circulating Plasma Proteins (TPP/W).— 
This value is derived from the PV and the PP. The theoretical uorroal 
value computed from a standard PV/W of 45 cc. and a PP of 7 gin. per 
Vdlogram would be 3.15 gm. In Walters' series'* of nine normal Indian 
soldiers, the value was 3.33 ± 0.3. The normal range may therefore be 
set between 3,15 and 3.6 gm per kilogram. In our series of twenly-six 
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cases, four cases fell below tlie normal ranges as set here (B3, C5, Dl 
and E2), seven were within the range and fifteen were above. 

pv/w 


60- 



Th£ Chart of Average Values 



PV/w Values of 27 Ihdiv/dual Cases 


A Oral C. Gastric G. Rectal 

B Szcphagea! D Colon f: Extra-G.l. 

Fig. 1C3. 

This sustention of the phisma protein level and tlie total circulating 
protein is well exemplified in Uie IMiiincsota cases. After twelve weeks 
of semistarvation, the body weight had dropped 18,7 per cent; but the 
plasma protein level had changed from G.85 to G.55 gm. per 100 cc.; 
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t le TPP from 29S to 31 7 gm. The albumin wbicb according to traditional 
concepts should have dropped had instead risen from 4.S4 to 4.59 gm. 
per lOo cc., with a rise in total circulating value of from 133 to U7 gm. 




fil/tSM/i PPOTStN ValOSS cr 47 f/^ptVtPUAL CASBS 


A. Ofot C. Gostrfc t 1 

3. Esop/y g^ea/ O.Coton | 

Fig. 164 

In twenty-four weeks, when the wci^t had droppetl 24 per cent, the 
plasma protein level had been reduced to 6.12 gin. per 100 cc. with a 
TPP still 210 gm., and the albunun ^-alues weie 3.92 gm. per 100 cc. 
with the total rirculating value still 193 gm. This tendency of Uie total 
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circulating plasma proteins to be sustained and the TPP/W to rise 
despite the loss of weight in protein depletion signifies three points : (1 ) 
the presence of a homeostatic mechanism defending the oncotic pressure 
of the blood during the development of hyperplasmovolemia; (2) that 
the operation of the law of dynamic equilibrium of body constituents 
postulated by Wiipple** and extended by Schoenheimer*^ may be sub- 
jected to modification by homeostatic factors ; and® the level of the total 
circulating blood proteins (even of albumin) and the TPP/W are not 
reliable yardsticks for the degree of protein depletion. 

The Hematocrit (Hmt). — ^The forty-seven hematocrit values and the 
averages of the six groups are graphically shown in Figure 165. The 
lowest values were found in the gastric group, where the one highest 
value is just at the lower limit of normal and the average is the lowest 
of all groups. It is interesting that the averages for the colon and the 
rectal groups arc within the normal range. 

In the Minnesota scries the hematocrit dropped from 46.4 to 39.8 and 
36.6 at the end of twelve and twenty-four weeks of semistarvation. 

The Total Blood Volume (BV). — This value is derived from the PV 
and the hematocrit and is therefore affected both by hydremia and the 
degree of anemia. In the Minnesota series, the BV fell as the body weight 
fell in the first twelve weeks but less in proportion to the weight. In 
twenty-four weeks it was found to be rising. This rise is again attribut- 
able to increasing fluid plethora. Lyons'* called this fall from the pre- 
morbidity level, chronic sliock. In our own scries the BV was of no value 
for comparison with the previous status and as stated above was useful 
only as a step for the determination of the BV/W. 

The Per Kilogram (Relative) Blood Volume (BV/^V). — If from 80 to 
90 cc. per kilogram is set as normal ranges, it will be seen from both 
Table 2 and Figure 166 that only two values and these in the B and D 
groups fell below this range; twelve values were within the normal while 
thirteen were well above normal. Among tlie averages, the gastric group 
had the highest. In Keys’ group as starvation progressed, the PV/W rose 
from an initial of 83 cc. to 90.3 cc. in twelve weeks and 100.8 cc. in 
twenty-four weeks. This rise also constitutes another sign of hydremia 
in protein depletion. 

The Total Red Cell Mass (RCM). — 'This is computed from tlie hema- 
tocrit and the pUisma volume. In the work of Keys the fall in this ele- 
ment is the most consistent, being 21.8 per cent and 25 per cent respec- 
tively in twelve and twejity-four weeks of semistarvation. This is more 
consistent than llie lo.ss of weight. Apparently the storage of fluids 
whicli throws the other values out of line does not apply to the RCM. 
In our series, unfortunately, we have no initial values. 

llith reganl to tlie RCM/W, the figures for normal as <lcrivcd from 
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Table S, tie values ranged from a low of 25.6 to a high of 61.4. It appears 
that this entity is valueless as a factor of appraisal of the protein stale. 

The Total and Relative Sodium Thiocyanate Space (SCN-S and 
SCN-S/W).— The SCN-S in this work was delermined by the mettioi 
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of Lavietes.** This value has been assumed to represent the extracellular 
fluid, which seems to be the case in the normal individual. 


B^f/W 



The Chaht Of AvEfiAGE Values 


A. Ora/ D Co/on 



Values oe 27" Ta/o/v/oual Cases 


Hg. 166. 

The elevation of this value in protein depletion has been shown by 
Lyons” in war-wounded and by Henschel et al.** in semistar\'ation, and 
our Work in noncancerous patients. Henschel found a rise in normal 
subject to 340 cc. per kilogram of body weight after twenty-four weeks 
of semistarvatiou.” In our present series, the SCN-S/AV values are 
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lepresented numerically in T.'iblc4 and grapliically inpigure 1G7. It will 
be seen from both the figure and the table that in the twenty cases in 
which this test was performed under basal conditions, there were only 


scus/w 



A S c O £ F 

Th£ Ct^ART of Av£/iAG£ ValUfs 


A Ora/ C Cdstn^ 5 Recta! 

B Etepha^ea/ 0. Colon E Extra G / 



Fig 167. 

two values within the range of normal. All Die otJiers are significantly 
above normal. 

The question arises whether the SCN-S does in actuality represent Uie 
extracellular fluid in protein depletion. Because of some recent work 
showing that in some patholopeal conditions it may approach the value 
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of total body water, it is now accepted that some otlier factors, perhaps 
that of increased tissue permeability, enters the picture to make tlie 
value higher than actual, and that therefore this value is not a faithful 
representation of the extracellular fluid volume. However, in Lyons’ 
cases and in Keys’ cases and in our work on protein depletion both in 
noncancerous and cancerous patients, there seems to be a consistency 
in the rise of this value with the intensity of protein depletion. There- 
fore, with the full knowledge that this value is not a good measure of tlie 
extracellular space, it is nevertheless retained as another one of the 
indices of protein depletion, none of them precise but tlie integration of 
all giving an approximate picture of its severity. 

The significance of the rise in the PV/W, the BV/W and the SCN- 
S/Wmay now be examined. All the three findings point to ov'erhydration 
of the blood and perhaps of the tissues. These findings and the fact that 
protein-depicted patients are prone to edema may lead to the conclusion 
that overhydration is the rule in protein depletion. However, it has also 
been, knoTvTi tliat the development of this type of edema is not a constant 
feature. Denz*‘ has shown that when these depleted patients are put at 
bed rest, there is a marked diuresis, a marked fall in body weight and a 
falling of the BV/W. and PV/W to below normal values. Therefore it 
appears that the fluid content of tlie blood and perhaps of the tissues, 
rather than being consistently increased or decreased, has a mucli wider 
latitude of fluctuation tlian in the normal person. For this reason ab- 
normally high and abnormally low values may be expected and is per- 
haps a more sensitive index of depiction than a fall in the plasma pro- 
tein, in the albumin level or in the hematocrit. These last tliree values 
may be valuable when present, but in bonlerlinc cases they may be 
misleading. 

In this connection it will be interesting to report some preliminary 
results with determination of body watcr^ in Bl, whose premorbidily 
weight was found to be 73.9 kg. If the total body solids lay between 30 
and 42 per cent, his total bo<ly solids at that time should have been 
22.17 to 29.5G kg. His present weight was 47.3 kg., representing a loss 
of 30 per cent. Ilis total body water determined by the use of deuterium 
o.xide was 31.1 liters. This subtracted from his present body weight 
leaves a figure of 1C.2 kg. for present body solids, representing a loss of 
some 30 to 48 per cent of his total body solids, the former figure checking 
closely wiUi the c.alculated weight loss. 

Throughout tliis study, the gastric group seems to show more signs 
of protein depletion than the other groups by a number of criteria: the 
elevation of PV/W and of BV/W, tlic low PP level, tlie low hematocrit 
and the rise in SCX-S/W. \MielIier this indicates that In gastric cancer 
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protein depletion tends to be more severe than in otber types requires 
more study. 

Changes In Blood Constitucnls and Fluid Volumes in Cancer Patients 
During Hyperproteinizatlon.— In the foregoing section, the statement 
was made that, although the nutritive response to hyperproteinizatioa 
in cancer patients was similar to that of noncancerous patients, there 
were features whicJi were different The difference arises in changes in 
blood volume, plasma volume, total plasma proteins and red cell mass. 
In the depleted patient wiUiout existing disease, the response to hj-per* 
proteinizalion is of a large increase in plasma volume, a slight lag in 
plasma protein formation for the first week to be followed by a significant 



rise, specially in the albumin fraction; and a lag in the IlCM for the 
first two Weeks, followed also by a steady rise. This lag in the plasma 
protein and red cell formation has been explained on the basis that since 
they are proteins having to be manufactured by other tissues which are 
themselves depleted, repletion oftliese tissues has to progress to a certain 
point before the manufacture of these two proteins can take place. 
Using the initial values as a basis and expressing the subsequent values 
as percentage rises over the initial, the curves of these values may be 
represented as in Figure 168 which has been adapted from IValters. 
Since Walters’ determinations were spaced furtlier apart than ours, the 
initial lag in the TPP and the RCM would be misaed in riiese curves. 
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In our cases of cancer in tlie gastrointestinal tract before removal, 
except on Bl, the response is a large initial fall of all tliese elements : PV, 
BV, RCM, and TPP. This fall may be seen in the second part of 
Table 2 in C2, C3, E3 (first period) and E4 (first period). The failure 
of TPP to rise has been observed by Homburger in cases of cancer of 
the stomach and has been attributeil to some dysfunction of the liver.-’ 
The same negative response is also observed in active pulmonary tuber- 
culosis,’* for which no explanation is available at present. This larger 
decline in the IlCM and TPP constitutes added indication for blood 
transfusions in the preoperative preparation for surgery as recommended 
by Lyons et al.’® In the postrcmoval cases, E4 (second period), K3 and 
DS (second period), the positive trend of the values is again in e\idence. 
The negative trend of these \’alues before removal and the positive trend 
after removal, which is more marked in the case of RCM than of TPP, 
is striking in E3 and E4, both of whom served as their own controls. 

SUMMARY AKD CON'CLUSIONS 

In a two-fold study of cancer patients, it was shown : 

1. That the voluntary intake of hospital prepared food cannot usually 
keep a cancer patient In nitrogen equilibrium. 

2. That the forcing of hospital prepared food to cancer patients may 
achieve nitrogen equilibrium in some cases but the response is capricious. 

3. That by the use of protein products specially prepared for rapid 
absorption, large positive nitrogen balances can be adiieved even with 
the growth in situ, 

4. That such a hyperproteinizing regimen in order to be successful 
must take into account special precautions peculiar to this typo of 
feeding. 

5. That the nitrogen excretion in the urine of cancer patients with 
protein depletion is greatly retluccd below normal, showing no apprecia- 
tive protein destruction and the operation of a conserving mechanism as 
in noncanccrous patients. 

C, Tliat although the nutritive resjionse of cancer j)atients with pro- 
tein depletion is similar to tlmt in noncanccrous patients, the fluid cojn- 
. parlments and blood constituents react differently, resulting in a fall of 
the total plasma volume, total blood volume, total red cell mass and 
total circulating plasma proteins. 

7. That this ncg.alivc feature indicates the use of both hyperj)rotcin- 
ization and transfusions in the preoperative preparation of cancer 
patients. 

(iralefd ftckiwwlcdgment » innJ® the help ot Mrs Fannie Cories Garcia and Vr 
Fnrique Garcia In the preparation of the graphs, of the generosity of Wyeth 4: Company 
and the Jftrrin R. Thompson & Company, the former for supplying the arophogel and 



472 


CO TUI, KUO, CIIUACmACO, ROSII, MULHOLLAND 


kflomagma and the hlter for suppbnng aluminum gel Grateful thanks are <lue also to 
Mead Johnson & Company, E R Squibb & Sons, the Arlington Chemical Company, 
J B Roerig & Company, Sheffield Fauna Co , Inc. and Swift & Company for supplying 
respecliTely the products protolysate, protrinum casein hydrolysate, aminoids, lactenr 
edamine and the liomogenired meat marketed as Swifts’ Baby Beef 
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LABORATORY DIAGNOSIS AS AN AID TO SURGERY 
B. H. Kean, M.D.* 

Although the clinical patholopst can offer considerable assistance to 
his surgical colleague in the differenti.al diagnosis of disease, in guiding 
therapy and in evaluating prognosis, the limitations of laboratory pro- 
cedures must be fully appreciated if errors in the handling of the patient 
are to be avoided. Too often.it has been my unhapp}* experience to learn 
that tlic decision as to Tvhether or not an appendectomy should be per- 
formed turned upon the leukocyte count or erythrocyte sedimentation 
rate. A patient may have a gangrenous appendix vrilU a normal white 
count whereas a leukocytosis caused by an unrelated factor may be 
responsible for the mistaken diagnosis of appendicitis. 

Because of the multiplicity of laboratory procedures which are avail- 
able, the surgeon is often forced to clioose from several which purport to 
provide the same information. As a matter of principle it is best to pick 
the simplest procedure, the one which has had the longest period of 
testing and, for the benefit of both the patient and the institution, the 
cheapest. It is obvious tliat when a dozen tests are available for the same 
condition, none is worth mudu If several tests arc desired, two or more 
which are based upon different principles should be cliosen. For c.\'araple, 
in the differential diagnosis of liver disease it is foolish to request a 
cephalin flocculation test, a thymol turbidity lest and a Takata-Ara test 
since all three are expressions of the presence of abnormal proteins in 
the serum. More useful data can be obtained by a simple study of the 
urine, one test for abnormal serum protein, and an estimation of scrum 
phosphatase. 

Not infrequently, and regardless of how carefully tlic work may be 
performed, a laboratory result may be at complete variance ^\ith the 
clinical findings and with the other laboratory studies. Under such cir- 
cumstances one can only disregard the uncooperative report. 

No one is more cognizant of the limitations of laboratory data than 
those who provide them. The more experienced the surgeon, the less will 
he be dependent upon laboralorj' assistance. 

In tins paper I shall discuss those tests whicli are most useful to the 
surgeon and ^ill emphasize the simpler technics which can be performed 
in most laboratories. The procedures arc described in detail in most texts 
on clinical pathology. A consideration of surgical bacteriologj' lias been 
omitted deliberately. 

.\ssistant Professor of Palholo^, Post-Graduate University, Xew York Unh’ersilj — 
Pellevue .Mrlical Center, New York City. 
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HEMATOLOGY 

Complete Blood Count. — ^The usefulness of a complete blood count 
hardly need be emphasized at this time but, sadly enough, many minor 
surgical procedures and not too rarely a major operation is undertaken 
without a hemoglobin, erythrocyte and leukocyte determinadon. 

Ilemoglobiti should be reported in grams per IDO cc. and not in per- 
centage, since the latter varies depeiulmg ujkui standards The normal 
hemoglobin for males is 14 5 to 17 gm. per 100 cc and for females 13 to 
16 gm. An acid hemalin metliod such as the Sahh is preferred if more 
e.\'act methods are not used. The Tallqidst technic is about as accurate 
as a visual examination of the tongue 

Normally, men have 5,000,000 erythrocytes and women 4,500,000 per 
cu mm. of blood, but the stale of h5-dration of the patient and inaccurate 
counts Iliads easily mislead the unwary. Several ratlier cumbersome 
fonnulas ha%-e been developed by liemalologists to help in the classifica- 
tion of the anemias but the surgeon rarely finds them useful and still 
relics on the old classification of pnmary anemia (generally hyperchromic 
macrocytic) and secondary anemia (generally hypochromic microcytic). 
Bleeding from the intestmal tract and malignant disease are the two 
commonest causes of severe anemia with which the surgeon is confronted. 

Basophilic stippling of the erythrocytes winch can be recognized on 
routine stained smears may provide tlic clue to lead poisoning which 
,may be responsible for such severe abdominal p-ain that an acute ab- 
dominal emergency is suspected. 

The leukocyte count is most useful in determining the presence of in- 
fection but too much dependence should not be placed upon it. The 
differential count may offer more useful data than the total count if the 
“shift to tlie left” is marked. Smears will also e-Yplain cerwcal l^mph- 
adenopalhy caused by infectious mononucleosis, or an cosinophilia may 
direct attention to parasites responsible for gastrointestinal symptoms 
Since the sulfonamide preparations have been used so widely, unes- 
pected leukopenia or even agniuulocj-lnsis may have been produced by 
the physician or even by the patient without knowledge of the physidan. 

It should be rememberetl that regardless of infection a yosloyeratite 
leukocytosis is usual. 

The parasites of the blood which warrant attention are those causing 
malaria and filariasis. An exacerbation of malaria not infrequently follows 
an operation, especially an ortbopcdic procedure, and may unless the 
cause is recognized lead the surgeon to the mistaken conclusion that 
infection has occurred. P.irasiles may not be found unless a ihickpi’i 
is examined by an experiencetl teduuruan. 

Filariasis ma^' cause erv'sipdas-l/fce lesions of the extremities, 

Uasis, hydrocele or inguinal Ijunphadenopathy. It will be encountered in 
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natives of Puerto Rico and the South Pacific islands, but is not to be 
anticipatetl in veterans who served in those islands. A thick film taken 
at midnight may provide the diagnosis. Removal of a hunph node for 
diagnostic purposes may precipitate an attack with exaggeration of the 
elephantiasis. 

Erythrocyte Sedimentation Rate. — The flurry about this test is over. 
The rate of settling of the formed elements of the blood is an expression 
of tlie status of the plasma proteins and is increased in patients with 
acute inflammation, cancer, tuberculosis and many other diseases. Its 
greatest usefulness has been found to be not in differential diagnosis but 
in following the course of the patient or in distinguishing psychosomatic 
complaints from those caused by organic disease; tlie “psychoneurotic” 
with an elevated sedimentation rate deserves careful re-study. The simple 
Westergren technic is preferred. The normals are 15 mm. in one hour for 
men and 20 mm. for women. In pregnane^’ the rate is normally high 
after the fourth month. Anemia increases the rate. 

Tests for Abnormal Bleeding Tendency. — Until a few years ago the 
surgeon’s interest in the bleeding tendency of his patient was almost 
academic since there was little that could be done in the way of accurate 
diagnosis, prevention and treatment. Now, with the discovery of vitamin 
K, the use of heparin and dicumarol as anticoagulants and the avail- 
ability of blood for transfusion, many careful surgeons are requesting, 
as routine preoperative procedures, a platelet count, a determination of 
capillaiy bleeding and coagulation lime, clot retraction time and pro- 
thrombin time. The tourniquet lest is most useful for the clinical esti- 
mation of capillary frigidity. Except for tlie prothrombin time these 
studies require little material and can be done by almost any technician. 

Several technics for the determination of the prothrombin time have 
been published but the methods of Quick are most widely used. It is im- 
portant to use the same lot of thromboplastin for tests on the same pa- 
tient since different lots have different potencies. Platelets range nor- 
mally from 200,000 to 500,000 per cu. mm. In purpura haemorrhagica 
(Ihrombocylopenic purpura) platelets are reduced in number. Coagula- 
tion time in Uiis disease is normal but clot retraction is delayed. The 
patient with hemophilia .shows a m.arkcd increase in the coagulation time 
of his blood because of the congenital abnormality of his platelets (in- 
creased resisUincc) but the bleeding lime, prothrombin time, clot retrac- 
tility and capillary fragility are normal. 

Ilcmalocrit. — This simple test is an excellent index of the stale of 
hydration of the patient and is extremely useful in guiding intravenous 
therapy of patients with burns. If blood is placc<l in a tube sucb as that 
(Icvisdl by SanfonI and Magalh or IVintrobe or Iladcn and ccntrifugerl 
until packing is complete, Uic ratio between tlie formc<l and liquid ele- 
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menls of the blood can be obtained. Normally, 40 to 46 per cent of the 
blood IS composed of formed elements. In dehydration the hematocrit 
value may rise to GO per cent or more ; if excess fluids have been adminis- 
tered it may drop to 25 per cent. 

In shock the hematocrit rises and so the surgeon can distinguish be- 
tween that condition and hemorriiage in which the hematocrit falls 

Fragility of Erythrocytes. — In congenital hemolytic icterus the eryth- 
rocytes are smaller than normal, spherical rather than biconcaved 
disks, and disintegrate in saline of various concentrations more readily 
than normal red blood corpuscles. Remo\'al of the cnlargeil spleen is 
curative in most cases. 

Sicklemia. — -In Negro patients the sickle cell trait may be associated 
with ulcers of the legs, attacks of abdominal pain possibly due to minute 
thrombi, or severe anemia. In addition, it has been suggcsteil that the 
anoxia producc<l during the induction of a general anesthesia m.ay cause 
sickling of the erythrocytes and result in an anesthetic casualty. 

Blood Grouping Including Rh Factoid. — ^This subject is now so large 
and of such imporL'ince tliat it should not be included ns part of a general 
survey 

Bone Marrow.— Aspiration of the bone marrow either from the ster- 
num or iliac crest may establish the diagnosis of malignant disease, ex- 
plain bone destruction by multiple myeloma, or solve the riddle of 
splenomegaly caused by leukemia, Gaucher’s disease or thrombocyto- 
penic purpura It is a technic to be used in consultation with the hema- 
tologist 


CLINICAL CHEMISTRY 

Blood specimens should be obtained .after the patient has fasted for 
ten to twelve hours, although only the blood sugar determination will 
show significant clinical variation at different times in the day. 

Sugar. — The dangers of operating upon a patient with unrecognized 
diabetes need not be discussed. Ordinarily Uie determination of blood 
sugar will not be done unless sugar is found on routine urine analysis 
An elevated blood sugar, and by this is meant a figure above 130 mg. per 
100 cc. (fasting), with or without the presence of glycosuria, should be 
an indication not for the diagnosis of diabetes mellitus, but for the per- 
formance of 11 sugar tolerance test. Tlie Rose-Exton test requires fewer 
venipunctures than the standard determination an<l probably pro%ndes 
as much information. However, we are still prejudiced in favor of the 
standard test, which permits the graphing of results in a little more 
dramatic fashion. The presence on repealed examination of a low blw<l 
sugar value (below 75 ing.) suggests, of course, a tumor of the is els 
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of Langerlians, although other conditions may be responsible. Since 
spontaneous glycogenesis occurs at tlie rate of about 5 mg. per hour in 
vitro, the sugar determination must be made with a freshly drawn speci- 
men. 

Azotemia. — Evidence of renal insuffidency, if severe, may be obtained 
simply by tlie determination of tlie nonprotcin nitrogen or urea nitrogen 
of the blood. The nonprotein nitrogen is the more popular, but the test 
for urea nitrogen can be done much more easily and just as useful in- 
formation be derived. The normal nonprotein nitrogen is listed as 25 to 
35 mg. per 100 cc., and the urea nitrogen 10 to 15 mg. Broadly speaking, 
if the urea nitrogen is doubled, tlie figure will be approximately that of 
the nonprotein nitrogen. The creatinine determination proddes no addi- 
tional information in most instances. 

In prostatic disease a test for azotemia should be routine. 

Serum Proteins. — The normal serum albumin is 3.5 to 5.5 gm. and 
the globulin 1.5 to 3.5 gm. per 100 cc. If the serum proteins are reduced, 
delayed wound healing, difficulty in maintaining proper fluid balance 
and congestive heart failure arc surgical complications to be feared. 
Hyperproteineraia may be due to dehydration (temporary), burns, 
Addison's disease, multiple myeloma and parasitic diseases. Ilypopro- 
teinemia may follow malnutrition, liver disease, especially cirrhosis witli 
ascites, albuminuria and prolonged vomiting. 

Uric Acid. — Gout may easily be confused Tvilh thrombophlebitis or 
acute arthritis, especially since an attack of gout frequently follows any 
surgical operation on those afflicted Math the disease. A blood uric acid 
over 5 (normal 2 to 4) mg. per 100 cc. will be helpful in the differential 
diagnosis, but occasionally gout may be present with a normal blood 
unc acid. Tophi of the ears or otlicr areas may be confused with soft 
tissue tumors. 

Cholesterol. — Cholesterol values generally are high (normally 140 to 
250 mg. per 100 cc.) in cholelithiasis, uncomplicateti biliarj’ obstruction, 
pregnancy, diabetes mellitus and hypothyroidism. In hj-perthyroidism 
the value is low. In the treatment of arteriosclerotic disease of the ex- 
tremities this determination will be of value. 

Chlorides. — It is important to realize that the determination may be 
<lone on plasma (normal: 550 to 650 mg, per 100 cc.) or on the whole 
blood (450 to 500 mg.) or serum (350 to 400 mg.), and tliat the values 
differ considerably, depending upon which specimen is used. Diminution 
of chloride levels occurs in excessive \*omiting due to gastric disease or 
high intestinal obstruction, prolonged diarrhea, biliary fistulas, starva- 
tion and excessive sweating. There is a tcndency^for hypochloremia to 
develop following operations upon the gastrointestinal tract. Ilypcr- 
clilorcmia occurs most often in patients with ailvanccd kidney tliscase. 
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Sodiam and Potassium (Normal values; Sodium, 300 to S50 mg. per 
lOOcc. ; potassium, 15 to 25 mg. per 100cc.o{ serum).— The serum sodium 
is decreased by high mtesUnal olwtmcUon, severe diarrhea, biliary or 
pancreatic fistulas, etljer anesthesia, excessive sw'eaticg, and in Addf* 
son’s disease. In those conditions in which the serum sodium is low, 
especially in high intestinal obstruction, the serum potassium tends to 
be high. 

Calcium (Normal value ; 8 5 to 11.5 mg. per 100 cc. of serum).--HypeN 
calccmia occurs in neoplastic disease of bones (especially metastatic 
carcinoma), m hyperparathyroidism especially witJi osteitis fibrosa 
cystica, and for unexplained reasons in multiple myeloma. 

Hypocalcemia develoi>s in hypoparatliyroidism especially following 
Uiyroid or parathyroid operations, in diarrheal diseases, nephrosis and 
in advanced caohe.xia. 

Phosphorus (Normal value: 2 to 5 mg. per 100 ce, of scrum).— Us- 
ually an inverse ratio between serum calcium and scrum phosphorus 
prevails. 

Hyperphosphnteraio occurs in healing of fractures, following adminis- 
tration of vitamin D or ultraviolet irradiation, hypoparatliyroidisJii, 
acute high intestinal obstruction, and acute yellow atrophy of liver. 

Hypophosphatemia may be seen in patients with osteitis fibrosa 
cystica, osteomalacia and fatty diarrhea. 

Phosphatase. — Much confusion has arisen about the usefulness of 
this procedure because careful distinction is not made in laboratory 
reports between the acid and the alJcalme phosphatase. 

The acid phosphatase is elevated m roctasUitic carcinoma of bone 
derived from prostitic tissue. 

The alkaline phosphatase is elevated in many conditions, especially in 
healing of fractures, pregnancy, osteitis fibrosa cystica, osteitis defor- 
mans (Paget's disease), metastatic carcinoma of bone, osteogenic sar- 
coma and obstructive jaundice. It is normal in osteomyelitis, benign giant 
cell tumor and Ewing’s sarcoma 

Iodine . — ^Tiiis determination can be accomplished in relatively few 
laboratories, but it may be of interest to record that the value is de- 
creased in hypothyroidism and increased in hyperthyroidism and in 
patients with liver disease associated witli jaundice. 

Acid-Base Balance,— Buffers in the bbod keep its pH between 7.3 
and 7.5. Acidosis may develop in diabetes mellilus, following severe 
diarrhea, in starvation, nephritis, pregnancy with vomitiag, folloW|BB 
anesthesia, and with pancreatic fistubs. The carbon dioxide combining 
jiower of the plasma, normally 6S to 65 volumes per cent, becomes 
diminished in severe acidosis whidi should be corrected before any 
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surgical procedure is attempted. Vomiting may be responsible for pre- 
operative or postoperative alkalosis. 

RESPIRATORY TRACT 

Sputum . — \ carefully conducted examination of the sputum is an 
invaluable reflection of tlie pathologic state of the respiratory tract. 
Unfortunately, adequate distinction is rarely made between sputnm 
which is derived from the tracheobronchial tree, and saliva, which the 
patient is much more inclined to proWde. 

In the diagnosis of bronchiectasis the excessive quantity of sputum, 
its tendency to form layers, and its odor often provide immediate clues 
as to diagnosis. Too often hemoptj’sis is considered evidence of pulmo- 
nary tuberculosis when in reality bronchiectasis is responsible. Careful 
bacteriologic examination of the sputum has been thought to have lost 
much of its value since the advent of specific therapy. However, if the 
sputum is studied bacteriologically the efficacy of sulfonamide, penicillin 
and streptomycin therapy can be judged and tlie optimum time for 
operative intervention determined. In abscess of the lung, cultures, in- 
cluding anaerobic cultures, and detailed studies of smears are advised. 
The leukocyte count and sedimentation rate will be helpful in diagnosis 
and in following the course of a lung abscess. 

Biopsies. — Biopsy of tumors of the larjmx, tracliea and bronchi re- 
mains tlie keystone in the differential diagnosis of these lesions. Concern 
lest biopsy spread the lesion is unjustified. Recently successful attempts 
have been made in establishing the diagnosis of respiratorj* tract cancer 
by studying the cytologic elements of the sputum and material removed 
by latj'ngoscopic or brondioscopic aspiration without biopsy. Unques- 
tionably in some instances Uie shedding of tumor cells into the tracheo- 
bronchial tree is of such a nature that a diagnosis of cancer can be made 
Without great difficulty. To date, however, the method has not been 
adequately evaluated and a cautious attitude must be adopted. 

Pleural Fluid. — All pleural fluid should be examined until diagnosis 
has been established. 

Clear, light yellow fluid with a specific gravity of 1.018 or less genenilly 
contains few cells and is found most frequently in patients with cardiac 
decompensation. 

Empyema fluid offers few diagnostic problems but smears, cultures, 
and animal inoculations may be required to distinguish tuberculous 
from pyogenic pleurisy. 

Bloody pleural fluid or any pleural fluid, for tliat matter, most often 
''ilh .q)ecific gravity over 1.018, may contain tumor cells, Tlic fluid 
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should be e«itrifuged until a "button” of sediment is obtained and this 
can be treated as a bit of tissue in fising, sectioning and staining. The 
inexpenenced often confuse mesoUieltal cells with tumor cells, and a 
diagnosis of malignancy should rarely be made unless tumor cells ?« 
clum'ps are identified. 


OtGESTIVE THACT 

Gastric Analysis. — Because occasionally tlierc is difScully in passing 
the tube, physicians tend to neglect the method and hence deprive them- 
seh’cs of much useful information. 

The important problem is of course the differentiatioo among peptic 
ulcer, carcinoma of the stomach and functional disorders. AUhough tlie 
roentgenologist ivill provide the most useful information, laboralorj' 
data can be exceedingly helpful 

In peptic ulcer, as a rule 

1. Free hydrochloric acid is present m gastric contents and may be 
verj- high after histamine injection 

2 Emptying time of stomach is often rapul, but pylorospasm may 
cause confusion 

3 Blood may be present in great <iuanUties Tests for occult blood 
by benzidine or giiaiac methods are of little use since small 
hemorrhages often follow passage of tube 

•1 Secondary anemia responds well to therapy 

In gastnc carcinoma, as a rule 

1. Free hydrochloric acid is absent and there is no response to his* 
hmiine. It must be rcmembcrwl lliat 15 per cent of normal per- 
sons do not have free hydrochloric acvd but these (except 1 per 
cent) show a response to histamme. 

2. Much mucus is present in gastric residuum. 

3. Lactic acid anil the Jactobacillus of Boas-Opplcr may be ptreseiit. 

4. Tumor cells iiwj' be <JCTnonstrate<l in gastric washing'^ 

5. Secondary anemia respond.s onlj' poorly to therapy'. 

Test meals, of which the Ewald is most popular, produce cur\ es of 
acidity which may be of interest, but essentially the surgeon wants to 
know; "Is true anacidily present or not?”, and he cares little about the 
curve If acid is present. 

Efforts have been made to establish Uie diagnosis of gastric carcinoma 
before the patient presents himself with clinical symptoms Routine 
nxamination of large numbers of asymptomatic patients over the age of 
40 years by roentgen rays and gastric analysis has revealed tumors m 
so few and the procedure has been so expensive that ifc h&s not been 
considered practicable. The eleetK^strogram of Goodman, however, is 
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a new leclinic which may revolutionize the diagnosis of diseases of the 
stomach. The method is simple: a stomach tube is passed and the elec- 
trical potential difference across the membrane is measured by a record- 
ing macliine. The pattern in various diseases differs from that of the 
normal stomach. Further study is necessary before tlie method can be 
used with confidence. Incidentally,Langman has used a similar but simp- 
ler electrometric test for diagnosis of carcinoma of the cei^nx with promis- 
ing results. 

Duodenal Contents. — Only one lest of the duodenal contents has any 
real clinical value: the microscopic examination of the centrifuged speci- 
men for crj’stals of cholesterol and calcium bilirubinate and for pus. The 
Lyons test is lovely to behold when it works, but too often patients with 
no disease of the biliary tract do not produce A, B and C bile with the 
mathematical precision expected following the administration of mag- 
nesium sulfate. The charts listing the differential diagnosis of cholecys- 
titis, cholelithiasis, cholangitis, cystic duct obstruction, common duct 
obstruction and carcinoma are pretty, but in iny experience, generally 
useless. Even the presence of blood provides little information, since 
one does not know its origin. The pancreatic ferments will be discussed 
later. 

Stool Examination. — ^lost stool examinations are relegated to techni- 
cians with esthetic objections to the field of coprolog}'. If the stool is 
studied with tlie care and affection whicli the hematologist lavishes upon 
a blood film, an enormous amount of useful information will be derived. 
A pencil shape of the stool may, for c.vaniple, suggest tlie rectal stricture 
of lymphopathia venereum or a rectal tumor. The presence of an exces- 
sive amount of mucus may indicate mucous or ulcerative colitis or, more 
important, the presence of a carcinoma. Streaks of fresh blood suggest 
hemorrhoids or a lesion low in the intestinal tract such as amebiasis or 
tumor. Examinations for occult blood arc in disrepute because of the 
frequency of false positives. This is unjuslificil but, since the ingestion of 
meat may give a false positive, a positive benzidine test should not be 
accepted unless the patient has abstained from meat for seventy-two 
hours. 

Parasites are -responsible for intestinal symptoms much more fre- 
quently than is generally appredated, and may be found in patients 
who have not lived in the tropics. 

djcan’a5i> (roundworm disease) may simulate gallbladder disease, 
I^ptic ulcer, appendicitis, and may actually cause intestinal obstruction. 
Tlie eggs are found in the stool. 

Uncinana3i3 (liookworin disease) may cause wasting anemia, ascites 
suggestive of c.Trcinoma or v.Tgue abdominal pains. The eggs are found 
in the stool. 
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should bo centrifuged until a "button” of sediment is obtained and this 
can be treated as a bit of tissue in &xing, secUoning and staining. The 
inexperienced often confuse mesotiielial cells with tumor cells, and a 
diagnosis of malignancy should rarely be made unless tumor cells tn 
clumps are identidcd. 


DIGESTIVE TRACT 

Gastric Analysis. — Because occasionally tiiere is difficulty in passing 
the tube, physicians tend to neglect the method and hence deprive them- 
selves of much useful information. 

Tlie important problem is of course the differentiation among peptic 
ulcer, carcinoma of the stomach and functional disorders. Although the 
roentgenologist will pro\nde the most useful information, laboratory 
data can be exceedingly helpful. 

In peptic ulcer, as a rule 

1 Free hydrochloric acid is present m gastric contents and may be 
very high after histamine injection. 

2 Emptying time of stomach is often rapid, but pvlorospasm may 
cause confusion 

3 Blood may be present in gre.it quantities. Tests for occult blood 
by benzidine or guaiac metliods arc of little use since small 
hemorrhages often follow passage of tube. 

4 Secondary anemia responds well to therapy. 

In gastric carcinoma, ae a rule 

1. Free hydrochloric acid is absent and there is no response to his- 
tamine. It must be remembered that 15 per cent of normal per- 
sons do not have free hydrochloric acid but these (except 1 per 
cent) show a response to liistaininc. 

2. JIuch mucus is present in gastric residuum. 

3 Lactic acid .and the lactobacillus of Boas-Oppler may be present. 

4. Tumor cells m.ay be demonstrated in g.istric washings 

5. Secondary anemia responds only poorly to therapy 

Test meals, of which the Ewald is most popular, produce curies of 
acidity which may be of interest, but essentially the surgeon wants to 
know: ‘‘Is true anacidity present or not?”, and he cares little about the 
curve if acid is present. 

Efforts have been made to eslablLsh Uic diagnosis of gastric carcinoma 
before the patient presents himself with clinical symptoms. Routine 
examination of large numbers of asymptomatic patients over the age o 
40 years by roentgen rays and gastric analysis has revealed tumors in 
80 few and the procedure has been so e-xpensive that it has not been 
considered practicable. The electrogastrogram of Goodman, however, is 
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a new leclinic whicU may revolutionize the diagnosis of diseases of the 
slomacK. The Tnethod is sitapk*. a stomacli tube is passed and the elec- 
trical potential difference across the membrane is measured by a record- 
ing macliine. The pattern in various diseases differs from that of the 
normal stomach. Further study is necessary before the method can be 
used with confidence. Incidentally, Laiigman has used a similar but .simp- 
ler electrometric test for diagnosis of carcinoma of the cervix with promis- 
ing results. 

Duodenal Contents. — Only one test of the duodenal contents has any 
real clinical value: the microscopic examination of the centrifuged speci- 
men for crystals of cholesterol and calciuna bilirubinate and for pus. Tlie 
Lyons test is lovely to behold when it works, but too often patients with 
no disease of the biliary tract do not produce A, B and C bile with the 
mathematical precision expected following the administration of mag- 
nesium sulfate. The charts listing the differential diagnosis of cholecys- 
titis, cholelithiasis, cholangitis, cystic duct obstruction, common duct 
obstruction and carcinoma are pretty, but in my experience, generally 
useless. Even tlie presence of blood provides little information, since 
one does not know its origin. The pancreatic ferments will be discussed 
later. 

Stool Examination, — Most stool examinations are relegated to techni- 
cians witli esthetic objections to the field of coprology. If the stool is 
studied with the care and affection which the hematologist lavishes upon 
a blood film, an enormous amount of useful information will be derived. 
A pencil shape of the stool may, for example, suggest tlie rectal stricture 
of lymphopathia venereum or a rectal tumor. The presence of an exces- 
sive amount of mucus may indicate mucous or ulcerative colitis or, more 
important, the presence of a carcinoma. Streaks of fresh blood suggest 
hemorrhoids or a lesion low in tlie inlesUnal tract such as amebiasis or 
tumor. Examinations for occult blood are in disrepute because of the 
frequency of false positives. This is unjustified but, since the ingestion of 
nie.at may give a false positive, a positive benzidine test should not be 
accepted unless the patient has abstained from meat for sevenh'-two 
hours. 

Parasites are responsible for intestinal symptoms much more fre- 
quently than is generally appreciated, and may be found in patients 
Vkho have not Jived in the tropics. 

Asmnams (roundnorm disease) may simulate gallbladder disease, 
pqitic ulcer, appendicitis, and may actually cause intestinal obstruction 
tlie eggs are found in the stool. 

UncmariMt, (liookworm disease) may cause wasting anemia, ascites 
in die stoof carcinoma or vague abdominal pains. The eggs are found 
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£nfero&i£WW (pinwonn disease) is most often seen in children and 
causes pruritus am ; it may be assodated -with perianal fissures and fistulas. 
Not infrequently tie parasite is diseovered in appendices but it is ques- 
tionable if it is actually responsible for appendicitis. The eggs should 
not be sought in the stool ; diagnosis can be established by applying a 
S cm. segment of scotch tape agiunst Uie mucocutaneous junction of the 
anus in the morning. The sticiy part of the tape is then placed against 
a glass slide, ironed out and examined microscopically for the ova. 

Giardiasis, caused by the flagellate Giardia lamblia, may cause epi- 
gastric discomfort suggestive of peptic ulcer, or diarrhea. The parasite 
can be demonstrated eitlier in the stool or in duodenal contents. 

Scfmiosomiasis, frequent in Puerto Ricans but also seen in veterans 
of the Leyte and Jfindanao campaigns, may cause ulcerative colitis, 
polj'ps of the rectum and portal eirrhoas. If sdiistosomlasis is suspected, 
either the acid-ether method of deUivas or a water sedimentation method 
may be employed to concentrate the feces Neither of these methods, 
liowever, approximates the usefulness of the technic devclopctl by Otto- 
lina. This is so simple and so valuable that a detailed description is war- 
ranted. If schistosomiasis is suspected, a proctoscope is passed and at a 
level 10 cm. proximal to the anus a biopsy is taken. The tissue is dropped 
directly into distilled water or lap water and permitted to swell into a 
gelatinous mass from which all of Uie blood is hemolyzed. This process 
^ IS complete in ten to fifteen roinulcs, the specimen is then placed directly 
on a slide and a cover slip is applied. If ova are present they will be seen 
under low power magmfication of the microscope. Active miracidia may 
be seen moving w'ithin the egg-shell. 

Amebiasis. — About 10 pet cent of the people living in the United 
States harbor Endamoeba histolytica. Of these, however, only a few ever 
develop symptoms of dysentery, ulcerative colitis or amebic granuloma 
Nevertheless, in all patients witii symptoms referable to tlie lower in- 
testinal tract, amebiasis must be considered in the differential diagnosis. 
Even constipation may be caused by the parasite. According to some 
authorities, fully 50 per cent of all patients with amebiasis develop a 
spread of the parable to the liver. Only in a rare individual, however, 
do hepatic abscesses develop. This is not a disease only of the tropics 
but may be found in patients who have never crossed the IMasoo-Dixon 
line. Diagnosis can only be established with certainty if the parasite is 
demonstrated. Complement fixation tests are only of limited value. 

In the examination of the stool it is important to realize at the outset 
that tlje hunt for trophozoites and tor cysts requires different methods. 
If the patient has dysentery’, the mtaminalion of a warm stool is esse^ 
lial. In the absence of dysentery it is best to examine the stool passed 
the morning following the adnnnistration of a saline catliartic. The stoo 
should be examined in good light, and if flecks of bloody mucus are 
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present, these should be fished on to a slide, warm saline added and ex- 
amined under low power of the microscope. Motile trophozoites will often 
be found in these preparations. If this microscopic examination is nega- 
tive, concentration methods which demonstrate cysts only should be em- 
ployed. The zinc sulfate flotation method is advised ; it has the additional 
advantage of concentrating helminthic ova. Cultures of amebac are 
valuable only in certain laboratories. 

Confusion of Endamoeha histolytica with the nonpathogenic Endameba 
coli is easy. There is no eosinophilia with amebiasis. 

In amebic abscess of the liver the patient most often has no intestinal 
complaints and many stool e.xaminations may be necessary before the 
parasite is found. Pus removed by aspiration from an amebic abscess of 
the liver is “anchovy sauce” in appearance, bactcriologically sterile, 
and without characteristic odor. Trophozoites may not be demonstrated 
on Uie initial removal because they do not survive in the absence of live 
tissue but may become numerous on subsequent aspirations. The leuko- 
cyte count is often low in contrast to that seen in pyogenic abscess of 
the liver. 


THE PANCREAS 

Diabetes racllitus, the most important disease of the pancreas, fall.s 
within the province of the surgeon during the treatment of peripheral 
vascular disease, especially with gangrene, and in the treatment of pyo- 
pnic infections. Surgical procedures should be delayed until the ketosis 
IS corrected. The carbon dioxide combining power of the blood and urine 
tests for acetone and diacelic acid will be helpful in this regard The 
height of the blood sugar is of little consequence in preventing diabetic 
coma, when compared with the degree of ketosis. 

Tlie diagnosis of acute hemorrhagic pancreatitis will be aided by the 
presence of (1) leukocytosis; (2) increase of serum lipase; (3)high serum 
.'imylase; (4) hypocalcemia. 

In chronic pancreatitis there may be (1) steatorrhea due to a dc- 
iciency of lipase; (2) lipemia ; (3) crealorrhea (undigested muscle fibers 
in stool) duo to deficiency in trj'psinogen ; (4) hyperglycemia due to 
insulin insufficiency. 

In carcinoma of the head of the pancreas the findings are those of 
instructive jaundice. 

Incidentally, tliere is an elevation of serum amylase in mumps. 

DISEASES OF THE LIVTR 

i he metabolism of the liver is so complicated and the tests available 
nr its study are so numerous and confusing tliat, witli justification, the 
surgeon often prefers to depend on his clinical judgement in the difTcren- 



482 


B. ]I. K£A}f 


Enferobiash (pinwonn disease) is most often seen in children and 
causes pruritus ani ; it may be associated mUi perianal fissures and fistulas. 
Not infrequently *• ’ ... 

tionable if it is a I 

not be sought in 

3 cm, segment of scotch tape against the mucocutaneous junction of the 
anus in the morning The sticl^' part of the tape is then placed against 
a glass slide, ironed out and ^amined microscopically for the ova. 

Giardiasis, caused by the flagellate Giardia lamhha, may cause epi> 
gastric discomfort suggestive of peptic ulcer, or diarrhea. The parasite 
can be demonstrated either in the stool or in duodenal contents. 

Schistosomiasis, frequent in Puerto Ricans but also seen in veterans 
of the Leyte and AL'ndanao campaigns, may cause ulcerative colitis, 
polyps of the rectum and portal cirrhosis. If schistosomiasis is suspected, 
either the acid-ether method of deRivas or a water sedimentation method 
may be employed to concentrate the feces. Neither of these methods, 
however, approximates the usefulness of tlie technic developed by Otto* 
lina, This is so simple and so v'aluable that a detailed description is war* 
ranted. If schistosomiasis is suspected, a proctoscope is passed and at a 
level 10 cm, proximal to the anus a biopsy is taken. The tissue is dropped 
directly into distilled water or tap water and permitted to swell into a 
gelatinous mass from which all of the blood is hemolyzed. This process 
is complete in ten to fifteen minutes , the specimen is then placed directly 
I on a slide and a cover slip is applied. If ova are present they will bo seen 
under low power magnification of the microscope. Active miracidia may 
be seen moving within the egg-shell. 

Amebiasis. — About 10 per cent of the people living in the United 
States harbor Endamoeba histolytica. Of these, however, only a few ever 
develop symptoms of dysentery, ulcerative colitis or amebic granuloma 
Nevertheless, m all patients with symptoms referable to the lower in- 
testinal tract, amebiasis must be considered in the differential diagnosis. 
Even constipation may be caused by the parasite. According to some 
authorities, fully 50 per cent of ali patients witii amebiasis develop a 
spread of the parasite to the liver. Only in a rare individual, however, 
do hepatic abscesses develop. Tliis is not a disease only of the tropics 
but may be found in patients who have never crossed the IMason-Dixon 
line. Diagnosis can only be established with certainty if the parasite is 
demonstrated. Complement fixation tests are only of limited value. 

In the examination of the stool it is important to realize at the 
that the hunt for trophozoites and for cysts requires different methods 
If the patient has dysentery, the examination of a warm stool is 
tial. In the absence of dysentery it is best to examine the stool pass 
the morning following the administraUon of a saline catliartic. The stoo 
should be examined in good light, and if flecks of bloody mucus are 
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not advocate it as a substitute. The interest of the public in this technic 
may discredit the entire field of oncologj’ if proper caution in emphasiz- 
ing its limitations is not observed. 

The weal of the patient is best ser\’ed if the surgeon fl) provides the 
pathologist with as much tissue as possible (preferably the entire lesion 
with some surrounding normal tissue), (2) uses a knife instead of the 
cautery, (3) includes the base of the polyps, (4) avoids removing inguinal 
IjTnph nodes, (5) handles the specimen gently, anrl (6) discusses problem 
cases with the patliologist. 

7 




VALUE OF THE SECRETIN TEST IN SURGERY 


Henut Doubilet, jM.D., F.A.C.S.* 

The work of Hammersten and his group in Sweden' and of Grecngard 
and Ivy- in this country resulted in the production of secretin prepara- 
tions sufficiently purified for clinical use. This material, when injected 
intravenously under standardized conditions, can be used to measure 
the capacity of the pancreas to secrete pancreatic juice.® The results 
of this test in a group of surgical patients suffering from diseases of the 
biliary tract and pancreas are presented to demonstrate that the secretin 
test is of value for the following purposes; (1) diagnosis of chronic 
pancreatitis; (2) the progress of chronic pancreatitis and the effect of 
operative procedures; (3) differentiation, in patients with obstructive 
jaundice, between carcinoma of the head of the pancreas and carcinoma 
involving the supraduodenal part of the biliary tract; (4) the presence 
of a common passageway between the bile and pancreatic ducts; and (5) 
the functional status of the gallbladder. 

MATERIAL AND METHODS 

One Imndred twenty-two tests involving the use of secretin were car- 
ried out on eighty patients. The secretin test for pancreatic function was 
performed on sixty-five patients as a diagnostic measure. Four patients 
had repeated secretin tests to follow pancreatic function after section of 
the sphincter of Oddi. In thirty patients, a T-tube was implanted in the 
common duct at operation. Subsequently secretin was injected and T- 
tube bile was examined for pancreatic enzyme (amylase). The detection 
of amylase in this bile was evidence of a common biliary-pancreatic 
passageway. 

The technic of the secretin test as established by Lagerlof was followed 
m principle. The use of the double lumen tube he described was aban- 
doned. A single lumen Rebfuss tube was found satisfactory if the stomach 
were first washed out and the patient instructed not to swallow saliva. 
It was found that, with the patient sitting erect in a chair during the test, 
secret ion produced by the stomacli would not pass into the duodenum. 

From Ihe Department o! Surgerj', New York University College of Jlctlldne and tlie 
Third (New York University) Surgical Division, BellesTie Hospital, New York City. 

Aided by a grant from the National Institute of Health, United Stales Public Health 
Sen-ice, Grant No RCSOT. 

* Assistant Professor of Clinical Surgerj*, New York University College of Medicine; 
.\«ociale Msiting Surgeon, Tlurd (New York University) Surgical Division, Itellevue 
Hospital, Attending Surgeon, Goldwater Hospital. 
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impairment than the volume of juice. It was evident that a high serum 
amylase occurred during an acute attack only in patients whose pancreas 
retained a considerable amount of functioning tissue In general, the 


TABLE 1 

Secretin IIesi’onse in 1’atiests witdout Evident Pvncrevtic Disevse 


Cave 

No. 

1 

Total 

Volume 

(Cc) 

Total 

Bicarbonate 
(Cc N/10) 

Total I 
Amylase | 
(Lagerlof 1 
Units) j 

Itemarks 

1 

195 

79 

7C7 1 

1 

Normal gallbladder and gastroin- 
testinal x-rays 

2 

216 

162 

776 ] 

1 Mucocele of appeudiN 

3 

240 

86 

363 

1 Doubtful duodenal ulcer 

4 

289 

301 

381 I 

1 Biliary dyskiiiecia 

5 

214 

102 

1562 

' Xo pathological findings 

G 

3S0 

347 

1164 

1 Third degree burn of feet 

7 

297 

228 

458 

Duodenal ulcer 

8 

281 

139 

257 

Duodenal ulcer 

9 

33C 

293 

1166 

Duodenal ulcer 

10 

203 

97 

1126 

Duodenal ulcer 

11 

203 

70 

804 

Biliary dyskinesia 

\i 

103 

125 

458 

Biliary dyskinesia 

13 

210 

143 

465 

Biliary dyskinesia 


TYPICAL SECRETIN TESTS 

17 MGM. SECRETIN ILIULY) INJECTED 
INTRAVENOUSLY 



total volume 172 CC. 
total amylase 4B4 UNITS 





ADVANCED PANCREATITIS 
TOTAL VOLUME 55 CC. 
TOTAL AMYLASE 14 UNITS 


Fig. 169. 

lowest figures for volume, liicnrbonale and amylase, were obtained in 
patients whose pancreas, when inspected at operation, .showed not only 
residual edema and .swelling, hut also considerable fibrosis. 
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The group of patients with obvious fibrosis, and occasionally calcifica- 
tion of the pancreas, gave a poor response to the secretin test (Table 4). 
The total volume of pancreatic juice was markedly diminished. The 

TABLE 2 


SEcnETiN IIesponbe jn Pjhiexts with Cnfioxic CH0u:cysTm9 


Case No 

Total Volume (Cc ) 

Total Bicarbonate 
(Cc N710) 

Total Amylase 
(Lagerlof Units) 

14 

ISO 

I 80 ' 

347 

IS 

180 

1S6 i 

467 

1C 1 

142 

' 66 

1 241 

17 1 

i 76 

43 

181 

18 1 

, 130 

77 

SIC 

10 j 

103 

91 

418 

20 ! 

1 273 

245 

, 794 

21 ' 

1 181 

' 130 j 

1 474 


1 136 

90 j 

1 305 


TABLE 3 

Secretin Respokss in pAtiENta Fowwivinq Attscx or Acote pAScttLATttis wnn 
llton Sercu Amtusse 


Case 

No 

j Toul 

1 Volume 
j (Cc) 

! Total 
) Bicarbonate 
(Cc N’/IO) 

lllf 

Remarks 

23 

185 

133 

367 

Mild edema of pancreas 

21 

90 

43 

295 

Edem.itous swoUen pancreas 

23 

94 

39 

II2 

Test performed dunng asjnnpto- 
©atic recurrence, serum atnjlase 
385 mg per 100 cc 

SG 

91 

2 

93 

Biopsy showed marked fibrosis of 
pancreas 

27 

271 

218 ! 

CSS 

Edematous swollen pancreas 

28 

1 129 

83 

477 

Edematous swollen pancreas 

29 

70 

54 

1 235 

1 Edematous fibrosed pancreas 

30 

129 

33 

1 4T7 

1 Enlargement of head of pancreas 

31 

317 

lie 

338 

No operation 

32 

18S 

103 

' 359 

. Traumatic pancteatiUs 

S3 

' 187 

116 

336 

Edematous swollen pancreas 

34 

, 152 

115 

153 

No operation 

85 

1 133 

34 

135 

Edematous swoUen pancreas 


bicarbonate content .shens-ed the greatest fall. Although the total amy ase 
was very low, occasionally high concentrations of amylase would 
found in a small %-olume of juice containing very little bicarbonate. 
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The patients who, in spite of severe symptoms and loss of weight, did 
not show a high serum amylase even during acute attacks, and whose 


TABLE 4 

Sechetin Response in Patients with Ciironic Pancre\titis «'iti! Normal Amtl\se 
DURING Period op Observation 


Case 

No 

Total 

Volume 

1 (Cc) 

Total 

Bicarbonate 

1 Cc N/10) 

' Total j 
1 Amylase i 
(l^gerlof ; 
Units j 

1 

Remarks 

SC 

1S6 

— 

340 j 

Mild fibrosis 

37 ' 

103 

— 

297 

Calcification of pancreas 

38 

no 

35 

568 

Generalized fibrosis of pancreas 

30 

53 1 

3 1 

14 ' 

Calcification of pancreas 

40 

18^ 

4C 

no 

1 Irregular fibrosi* of whole pancreas 

41 

43 ' 

12 1 

43 

Generalized fibrosis of pancrea>. 

40 

33 

7 

23 

Calcification of pancreas 

43 

130 ' 

14 

65 1 

Calcification of pancreas 

44 

40 

2 

88 

Widespread fibrosis of pancreas 

43 

58 


23 1 

Enlarged fibrosed head of pancreas 
(biopsy) 

4G 

330 

C5 

737 

Irregular fibrosis of head of pan- 
creas 


TABLE 5 

Secrptin Response IN Patients wmiP^NCREVTiris Duonosed by Exclusion (Sh bri 


Case No. 

Total Volume 
(Cc.) 

Total 

Bicarbonate 
(Cc N7I0) 

Total Amylase 
(Lagerlof Units) 

Demonstration 
of Common 
Passagenay 

47 

172 

153 

5G7 

4 - 


121 

72 

370 

+ 


101 

95 

247 

0 


141 

71 

193 

+ 

51 

187 

85 

215 ' 

+ 


143 

99 

497 

+ 


141 

82 

384 

Not altemplcd 

34 

62 

19 

150 

+ 

33 

66 

20 

325 

+ 

36 

60 

— 

62 1 

U 

57 

88 

14 

272 

+ 


pancreas was found to he normal on inspection at operation, usually gave 
a dmunishc<l response to the secretin lest (Table 5). The cause of this 
apparently functional iinpainnent of the pancreas, somewhat similar to 
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the findings in chronic cholec 3 'Slilis, could not be explained except as a 
result of the increased back pressure on the gland. The underlying diffi- 
culty in these patients n’as spasm of the sphincter of Oddi, since section 
of tlic sphincter relieved most of these patients of their symptoms. The 
secretin test was of considerable value in some of these cases, since it 
nvas of Jjclp in making the decision to opcmlc on a patient who had no 
obvious pathology by any other test 
In four patients wJio were treated for {uncreatitis by section of the 
sphincter of Oddj, the secretin test was repeated at a later date (Table C). 
In Case 27, the pancreas was found edematous and swollen three weeks 
after an acute attack Although the operation prevented later attacks, it 
is obvious from the diminished .secretin test tjiat the previous attacks 
resulted in fibrosis svhich led to mild impairment of pancreatic function 


TABLE C 

Effect of SpniscTBRorowr os Secretiv Test 


Case No 

Total Volume 
rCc) 

Total 

Iticarbonale 
(Cc N/10) 

Total Ann’bse 
(Lagerlof Units) 

Months after 
Operation 

37 

271 ! 

316 i 

038 

Preoperative 


165 

81 

1C6 

8 

30 

SO 

— 

SO 

Preoperative 

1 

200 

170 

121 

IS 

3C 1 

120 

— 

340 

Preoperative 


104 

60 

125 1 

n 


100 

68 

205 

14 

44 1 

40 

« 

88 

Preoperative 

i 

fie 1 

35 

135 

4 


In Cases 30 and 34, section of the sphincter led to considerable improve- 
ment in the function of a chronically diseased pancreas In Case Sf>, 
although the patient lost all licr symptoms and gained 20 pounds in 
n'ei^;t, the secTctin test slrowed no evidence of improvement on. two 
occasions; in addition, the patient developed typical chronic diabetes 
mellitus one year after. 

The secretin lest was found to be of value in patients with complete 
obstructive jaundice due to mahgnanqr (Table 7). In four patients ^ith 
carcinoma of the head of the pancreas, there was practically no response 
to the injection of secretin. Only a small amount of fluid containing a 
trace of amylase could be recovered. In case 64, on the other hand, t ve 
injection of secretin produced a large volume of water-clear p-mcreatic 
juice containing large amounts of amylase The diagnosis of supra 
denal biliary' tract carcinoma sras confirmed at operation. Three anora 
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TABLE 7 

Secretin Response in Jaundiced Patients thth BitiARY-PANCREAiic CaRCINom v \nd 
IN Patients with Cirrhosis of tub Liver 


Case 

No 

Total 

Volume 

(Cc). 

Total 

Bicarbonate 
(Cc. N/10) 

Total 

Atfylase 

(Lagerlof 

Uaits) 

1 Remarks 

58 

4 

_ 

! 9 

Oircinoma of head of pancreas 

59 

44 

— 

5 

' Carcinoma of head of pancre-ns 

60 

43 


10 

Carcinoma of head of pancreas 

61 

66 


8 

Carcinoma of head of pancreas 

62 

I4G 

82 

222 

Carcinoma of ampulla of Valer, ob- 
■ structing bile duct only 

63 

133 



490 

Carcinoma of common hepatic duct 

64 

118 

62 

i >86 

1 Advanced cirrhosis of liver nith 
complete stoppage of bile flow 

C5 

295 

64 

15 

Cholangitic cirrhosis with complete 
stoppage of bile flow 


TABLE 8 

A^■EIUGB Secretin Response in Patients with Various Types op Bilimiv* 
Pancrc\tic Dise\se 


No of 
Cases 

Total 

Volume 

(Cc) 

Total 

Bicarbonate 

(C«.N/10) 

Total 

Aroylase 

(Lagerlof 

Units) 

Type 

13 

300 

144 

765 

Normal 

9 

157 

111 

1 465 

Chronic cholecystitis 

13 

153 

85 

273 

.\cute pancreatitis (high serum 
amylase) 

11 

100 

! 93 

210 

Chronic pancreatitis 

11 

116 

71 

371 

Recurrent pancreatitis; normal se- 
rum amylase, normal pancreas 
by palpation 


39 


9 

Carcinoma of head of pancreas with 
obstructive jaundice 

1 

146 

82 

222 

Carcinoma of ampulla of Vatcr, ob- 
structing bile duct only 


133 

— 

490 

Carcinoma of common hepatic duct 


118 

62 

>86 

Advanced cirrhosis with severe 
jaundice 


295 

64 

15 

Cholangitic cirrhosis with severe 
jaundice 


Jilous case?, however, were found. In Case G5, a carcinoma of the ampulla 
of \oter obstruclcd only the bile duct, so that the preoperative secretin 
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test elicited a cornial response. In two patients with severe cirrJiosis (No. 
64 and 65), the almost complete suppression of bile secretion in associa- 
tion with a large flow of pancreatic juice in response to secretin suggested 
a preoperalive diagnosis of organic obstruction in the biliar}’ tract above 
the upper border of the duodenum 
Reflux of pancreatic juice through a T-tube in the biliary tract was 
attempted in fifteen palienta with an intact sphincter of Oddi, by the 
use of secretin (Table 9). In ten of these, the experiment was repeated 
after producing spasm of the ^hinder of Oddi and duodenal wall by 

TABLE 9 


Comparative Value or Sechetiv awd op Coolavoiocraus iv DEMoxsTnAriNQ * 
CoMjrov Passageavat (Sphin'cteb of Oddi I.vtact) 


Case No. 

Illicit CoDcenlratroR of Amylase 
j in Bile (5Ig Glucose per 100 Cc ) 

j Denionslrfltion of 

1 PflncrcaUc Bud by 
Ciofangiograra 

, IVuliout Spasm 

Spjsm Prwfuced by i 
Morphine 

14 

sm \ 

1 2890 

■ + 

15 

51000 1 

! 1 1000 (*30,000) , 

+ 

ir 

0 j 

0 

0 

eo 

0 1 

1 0 

0 

66 

0 i 


0 

67 1 

1 0 


0 

68 1 

' 0 

0 

0 

69 I 

' ^ 1 


0 

to j 

0 1 


' 0 

71 

142 1 

1176 (*V^9) 

1 + 

73 

128 1 

39 1 

1 + 

75 

' 2500 1 


0 

78 

8000 1 

8S00 ' 

+ 

70 

' 6000 ; 

0 

+ 

80 

' J7000 1 

61000 (*18.000) 

+ 


* Spasm of sphincter of Oddi produced by inlroduction of hydrochloric acid into 
duodenum 


the administration of morphine^ In three patients spasm of the sphincter 
of Oddi was induced by instilling h>-drochlonc acid into the duodenum. 
Cholangiographic studies confirmed the presence of a common passag^ 
way in all but one patient in uhom pancreatic enzymes were detected m 
the T-tube bile. , 

The residual resistance of the duodenal wall after destruction of the 
sphincter of Oddi was suflicient to direct the flow of pancreatic juice 
dirough an open T-tube (Table 10). The results not only confirmed the 
presence of a common passageway as proven by cholangiographic studies. 
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but showed that the secretin test was more sensitive. In four patients 
(Nos. 35, 37, 48, 51), reflux of pancreatic juice proved the presence of a 
common passageway, wiiiie choiangiographic studies, at operation and 
postoperatively, failed to visualize the pancreatic duct. 

All specimens of bile recovere<l through the T-tuhe were tested for 
the presence of activated trypsin, by incubation with a Mett tube for 
twenty-hour hours. In no case was there any evidence of activated 
trypsin, proving that the presence of the pancreatic enzj’mes was due to 
direct reflux of pancreatic juice and not to duodenal reflux 


TABLE 10 

CoMPAHwivr Value of Secretin and op Cholangioorim iv DEifos'STn vtino a 
C oinioN Passageway (Sphivcter op Oddi Sectioned) 


Case Ko. 

Highest Concentralion of Amylase I 
in Bile (Alg Glucose per 100 Cc ) 

Yisualization of 
Pancreatic Duct by 
Cholflngiogram 

. Wthout Producing 
i Spasm 

Spasm produced 

1 by Morphine 

18 

! 57,500 

27,500 1 

1 + 

S3 

4,000 

— 

+ 

s; 

8,500 

1,000 

+ 

27 

1,500 

, 6,000 

+ 

S8 

815 

605 

+ 

SO 

6,500 

— 

+ 

55 

7,000 

8,500 

0 

37 

2,000 

0,500 

0 

40 

49,500 

70,000 

+ 

48 

25 

85 

0 

31 

135 

250 

0 

72 

2,350 

— 

-h 

74 

10,000 

48,500 1 

+ 

70 

9,000 

22,000 

+ 

77 

11,800 

10,500 

+ 


The variations in the concentration of amylase produced by spasm of 
the sphincter and duodenal wall by the use of morphine was due to the 
distance above the papilla at which the bile and pancreatic ducts joined. 
Thus in Case 27, spasm reduced the maximum concentration of amylase 
from 8500 to 1000 units. In this patient the ducts, as shown by cholangi- 
ographic studies, joined close to the papilla. On the other hand, in Case 
70, in which the maximum concentration of amylase rose from 9000 to 
-',000 units, following spasm, the ducts joined at a considerable distance 
above the jiapilla. 

The observation that the color of the dufKiciia! juice collected during 
the secretin test is a good indication of gallbladder function (I.agerlof, 
Diamond) was confirmed in this study. In patients iihose gJillbladder 
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showed good function by the Graham test, many of the samples of duo- 
denal juice were water-clear. In patients in whom the gallbladder failed 
to visualize by x-ray, or in postcholecystectomy patients, all samples of 
duodenal juice were bile stained. 

COMMENT 

It was felt that if the secretin test were to prove of practical value m 
clinical surgery, the test should be simplified as much as possible. Al- 
though Lagerlof felt that a submaximal dose of secretin would show 
greater differences between the normal and diseased pancreas, we felt 
that the maximum response of the pancreas to a large dose of secretin 

EFFECT OF OPERATION ON SECRETIN TEST 



2 WEEKS AFTER OPERATION 
TOTAL VOLUME 90 CC. 
TOTAL AMYLASE 20 UNITS 


6 MONTHS AFTER OPERATION 
TOTAL VOLUME 200 CC. 
TOTAL AMYLASE 121 UNITS 


Fig 170 


uld prove to be a more valuable index. Accordingl.v, our dosage was 
awout one and one-half times greater than Lagerlof’s, and was given 
to all patients without regard to their weight. 

The average figures for total volume, bicarbonate and amylase in each 
group of patients, as summarized in Table 8, show that (1) the secretin 
test reflects the increasing destruction of the pancreas by recurrent 
inflammation due to pancreatitis, and (2) the secretin test is of value in 
the differential diagnosis of obstructive jaundice due to malignancy. Al- 
though there are some exceptions to this latter obsen'alion, some of 
which we presented, in general cananoma of the head of the pancreas 
which has extended sufficiently to cause complete obstruction of the hi e 
duct will have also obstructed both the main and accessory pancreatic 
ducts. 
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The presence of a common passageway between the bile and pancreatic 
ducts as an eliologic factor in the production of both cholecj'stitis^- 
and pancreatitis^^’ ** has made the diagnosis of this anatomical 

condition a matter of great importance. Progress in the technic of 
cholangiographic studies to \'isualizc the |)ancreatic duct has enabled us 
to demonstrate its presence in about 50 per cent of operative patients. 
Our results, using secretin to deliberately produce inincreatic reflux.'^ 
indicate that it is probably a more accurate method to diagnose the 
presence of a common passageway. 

Although we followed Lagerlof’s procedure and collected and analyzed 
four different samples during the secretin test, our results indicate that 
the total volume, bicarbonate and amylase units were of diagnostic value. 
It would seem, therefore, that the collection of one hour secretion of 
duodenal juice as one sample, following the injection of secretin, would be 
sufficient. Lipase and trypsin analysis were not done owing to the rapid 
destruction of these enzymes after collection of the duodenal juice. 
Simple rapid methods for the determination of amylase, lipase and 
trj’psin would be of great value in making the secretin test practical and 
complete. 


SUMMARY 

Tlje secretin test was found to be of value in; 

1. Tlie diagnosis of chronic pancreatitis. 

2. The evaluation of the results of operation for pancreatitis. 

3. Tlie differential diagnosis, in patients with obstructive jaundice, 
between carcinoma at the head of the pancreas and carcinoma involving 
the supraduodenal part of the biliaiy tract. 

4. The diagnosis of a common passageway between the bile and pan- 
creatic ducts. 

5. The estimation of the functional status of the gallbladder. 
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CLINICS ON OTHER SUBJECTS 


TUMOR CELLS IN DIAGNOSTIC SPECIMENS: THEIR 
DETECTION AND SIGNIFICANCE 

II. M. ZiMMEMiAx, M.D.* AXD Rirrn Lttblin-er, M.D.f 

In recent years increasing attention has been focused on the study of 
exfoliated cells in tumor diagnosis. The reason for this, of course, is the 
constant striving for the early detection of new growtiis, even before 
definite symptoms develop. An impetus for such study has in part been 
the result of the publication by Papanicolaou and Traut' on the identifi- 
cation of cancer cells in vaginal smears, although Papanicolaou himselP 
and others*' ’ had called attention earlier to this means of 
diagnosis. 

Various methods have been employed in different laboratories for the 
collection, preparation and study of diagnostic specimens. Each method 
has certain advantages and limitations; these will be discussed in their 
proper place below. Essentially, this paper concerns itself with the tech- 
nics employed in the laboratories of the Montefiore Hospital and with 
the results they have yielded. 

It is not the intention of the present writers to include a discussion 
of routine biopsy procedures. They have a strong conviction that the 
biopsy method of diagnosis Is still llie most certain and that these otlier 
methods are to be regarded only as accessory aids. Their use in lieu of a 
biopsy should be countenanced only when the latter is not feasible. 
Certainly, other diagnostic procedures should not be delayed to allow 
time for repeated efforts to obtain specimens of exfoliated cells. Tliese, 
however, are of great value under certain circumstances and occasionally 
they may offer the first and perliaps the only available evidence of 
malignancy. 


TUMOR CELLS IN PLEURAL AND PERITONEAL FLUIDS 

Pleural and abdominal effusions as a rule are not early signs of malig- 
nancy. The y may occur as the result of metasla';es to the respective 

Irom the Laboratorj* Dn-ision, Montefiore Hospital, New York City. .\Wed by a 
prant frorn tlte American Cancer Sodely, Inc. 

of Patholog}’, College of Phj'siciaas and Surgeons, Columbia Unhersity; 
le , Laboratory Dhision, Montefiore Hospital; Senior Con^iilfa nt. Veterans Adminis- 
tration Hospital, Kingsbridge Road, Broni, kew York, 
f Aisutant Pathologist, Montefiore Hospital 
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serous surfaces, when they frequently contain exfoliated tumor cells. 
Only the presence of such cells in fluid specimens is significant; their 
absence may be the result of defective technic in withdrawing or pre- 
serving the specimen, or of preparing it for microscopic study. In some 
instances the tumor cells may be masked by hemorrhage or by over- 
whelming numbers of desquamated mesothelial cells. In general, how- 
ever, the recognition of tumor cells in these specimens is not difficult, 
especially if the material is prepared for microscopic study as follows: 

1. Centrifuge the specimen (from a few cubic centimeters to several 
liters) for five minutes at a low rate of speed (2000 r p m ). 

2. Fix any solid material and sediment for twelve to twenty-four hours 
in either 10 per cent formalin or formol-alcohol (1 part of 37 per cent 
formaldehyde to 9 parts of 95 per cent alcohol). 

3. Dehydrate in 80 per cent, 95 per cent and absolute alcohol Centri- 
fuge specimen after each change, if necessary. 

4. Clear in aniline oil over night. 

5 Two changes of xylene, one-half hour each. 

6 Mixture of paraffin and xylene, equal parts of each, one hour. 

7. Tb’o changes of paraffin, 48'’, one hour each. 

8 Embed in Tissuemat, 56® to 58®, one hour. 

9 Cool rapidly in ice water containing chopped ice 
10. Break tube to remove paraffin block at bottom. 

11 Cut and atam with hematoxylin and eosin as for routine paraffin 
sections. 

The examination of body fluids by this cell block method has several 
advantages over the smear method. It is less time-consummg, the chances 
Sof finding abnormal cells are greater since centrifugation serves to con- 
centrate them, and the natural grouping of cells in nests and cords is 
preserved. In smears the cells are seen singly or m clumps and the 
original structures are disrupted. The cytology of the single cell is not 
the most important feature of the cell block, as it is in the smear, but 
rather the grouping of cells and their relation to one another. Single cells 
in the cell block preparation tend to be round, sw'ollen and vacuolated, 
with the nuclei in eccentric positions. This is true for tumor cells as well 
as for mesothelial cells. 

Some difficulty may be encountered in the differential diagnosis be- 
tween tumor cells and non-iieoplastic mesothelial cells. This is occasioned 
by a feature which is common to all cells in body fluids, namely, the 
tendency to form acinar structures. Helpful factors in differentiation are 
the usual anaplasia of tumor cells and the uniformity in appearance o 
normal mesothelial cells, but these are not always clear-cut. Jlesothe la 
cells which are desquamated into the pleural or peritoneal cavities in the 
course of inflammatory processes often show a disproportion between e 
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size of the nuclei and the cj'toplasm. There is also a tendencv to nuclear 
bj'perchromia. Failure of such cells to form masses or clumps, however, 
proWde suggestive e^'idence of their nonmaiignant nature. 

During the past year fluid from the pleural or peritoneal cavities was 
esamined from ninety-six patients who had clinical evidence of cancer 
The primary' sites of the tumors are given in Table 1 . Of these ninety-six 
patients, sixty-nine had tumor cells, whereas twenty-seven had no such 
cells on repeated examination. The total number of examinations per- 
fonnefl on this negative group of twenty-seven patients was eighty-seven. 
E%idence of carcinomatous implants on the pleural or peritoneal surfaces 
was found at necropsj* in thirty-four of the sixty-nine positive cases. 


T.UJLE 1 

Rescxts or Ex.iMivtTios roa TcMoa Cfiis ct Boor Furos 


Cases 

Site of Xcoptasm 

Positive 

Negntlre 

29 

BfKUt 

22 

7 

2R 

Long 

18 

8 

13 

Orary 

13 

0 

R 

Rectoin or eoloo 

3 

5 

4 

Stomach 

4 

0 

2 

Paccreas 

2 

0 

2 

Gadbladder 

1 

1 

a 



» 

2 

Cetrii 

1 

1 

1 

Eaopluagus 

0 

1 

1 

MatiTIa 

0 

1 

1 

Xa.sopliar7ni ... 

0 

1 

1 

Testis 

1 

0 

4 

Abdominal cnrcinomatosu. 




primary site undetermined . ... 

4 

0 

OG 


eo 



In two instances where no tumor cells were found in the cell blocks of 
the fluid, necropsy failed to disclose involvement of the serous surfaces 
by carcinomatous tissue. In two instances, on the other hand, tumor cells 
were not found during life, but necropsy revealed pleural and peritoneal 
metastases. In atldition to the total of thirty-four positive cases verified 
by postmortem examination, sixteen more had biopsy confirmation of 
tumor involvement of the serous surfaces. In three other cases which 
''ere negative for tumor cells in the fluid, biopsies of the pleura or peri- 
toneum revealed carcinoma. There was no opportunity to confirm the 
diagnosis of tumor cells in cell blocks of fluids by either necropsy or 
biopsy in the remaining nineteen positive cases. 
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The microscopic appearance of the formed elements in the cell blocks 
of body fluids are illustrated in the following cases. 

Case I. — II. P. was a G9 year old w'oman %vith carcinoma of the left breast 
which was confirmed at necropsy. Metastascs were foimd in the lungs and 
pleura. Following the onset of bilateral pleural effusion, a cell block of the fluid 
revealed a group of tumor cells (Fig. 171, A). 

Case II. — ^A. II. was a Go year old woman who had a cystadcnocarcinoma of 
the ovaries with diffuse spread over all peritoneal surfaces. About 12 cc. of 
hemorrhagic fluid were obtained by paracentesis and prepared by tlie cell block 
method. Many tumor cells were present in mitotic division and some were 
multinucleated (Fig. 171, B). 

Case III. — L. B. was a G3 year old man who had pleural and pericardial 
effusions for nine months. There was no evidence of malignancy. The clinical 
and laboratory data suggested pernicious anemia A cell block of the pleural 
fluid disclosed abnormal cells ^ig. 171, C). The pericardial fluid contained 
acinar structures composed of cells which were suggestive of tumor cells (Fig. 
171, D). Six months later tlie pericardial fluid still contained acini formed by 
cells which wore now interpreted as Limcrplastic mcsothelial elements (Fig. 

171 , £). 


_ Case IV. — B. C. This 48 year old man entered the hospital with a clinical 
diagnosis of peritoneal carcinomatosis secondarj' to colloid carcinoma, primary 
site undetermined. This was confirmed by two biopsies and by the cell block 
made of abdominal fluid (Fig. 171, JT). At autopsy, three months later, the 
diagnosis was established of pseudomiTtoma peritonei, probably secondary to 
mucocele of the appendix. 


Case V. — A. T, was a 30 year old woman with carcinoma of both breasts. 
Bifateraf pfeural e ffusions developed. A cell block prepared from 250 cc. of 

B (Case II), There are large polyhedral tumor cells with hyperchromic nuclei in the 
peritoneal fluid Some cells are in mitotic division and others are multinucleated. The 
smaller elements are mesolhelial cells. XS95. 

C (Case III), The atypical cells in the pleural fluid Iiotc deep acidophilic cytoplasm and 
large hyperchromic nuclei. X545. 

D (Case III), The atypical cells in the pericardial fluid form an acinar structure. X545 
'll In this specimen of pericardial fluid removed sit months after that 

' us rated in D, the columnar cells appear quite regular in size and shape Atypical cells 
"'f fr^ Diagnosis — hyperplastic mesothelium. X545. 

I ase H’), Tall columnar cells in peritoneal fluid are arranged in single laj'ers to form 
s ran and incomplete acini. Although bizarre cells ond mitoses are absent, the diagnosis 
0 8 enocarcinoma was made. Necropsy disclosed n pseudomiToma peritonei. X260. 

' b Clusters of malignant cells in pleural fluid from carcinoma of the breasts. 


' ®cuolaled tumor cells in pleural fluid from carcinoma of the lung X545 
0 reduced one half from original microphotographs ) 
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yellow, turbid fluid disclosed many vacuolated tumor cells in clusters (Fig 171, 
G). The primary site of the tumor could toot be determined from these cells. 

Case VI. — E. F., a 52 year old woman, had a small adenocarcmoma of the 
upper lobe of the right lung with widespread metastases and massive pleural 
effusion on tlie right. A cell block of 1 liter of this hemorrhagic fluid yielded 
numerous vacuolated tumor cells (Fig. 171, //) which were indistinguishable 
from those seen in Figure 171 G 

Case \Tr. — L S. was a G2 year old woman with abdominal carcinomatosis 
from an ovarian adenocarcinoma Two and one-half gallons of hemorrhagic 
abdominal fluid wore centrifuged and a cell block was prepared which showed 
tumor cells arranged in cords and psciidoroseltes (Pig. 172, A). 

Case — M. S. For three years this 50 year old woman had a chronic, non- 

productive cough. Hemoptysis occurred one and one-half years later and mas- 
sive ascites three nionths before her admission to the hospital. A large, hard 
mass was palpated in the left side of the abdomen. cell block of abdominal 
fluid at this time disclosed tumor cells with a tendency towards acinar forma- 
tion (Fig. 172, /?). In other microscopic fields the presence of calcific deposits 
suggested the diagnosis of ovarian carcinoma (Fig. 172, C). Biopsy of an axillary 
Jj’mph node (Fig. ITS, D) revealed metastatic adenocarcmoma, and a diagnosis 
of breast carcinoma was entertained. A biopsy was then made of the bronchus 
of the right lower lobe and it disclosed an anaplastic carcinoma (Fig. 172, E), 
Diagnosis established — bronchogenic carcinoma. 

Case IX. — P. K., a 01 year old man, had a luetic aneurysm of the ascending 
aorta. Tlicre was much thickening of the visceral and parietal pleurae with 
encapsulated fluid. There was no evidence of a neoplasm, and this was confirmed 
later at necropsy, A cell block prepared from 100 cc. of pleural fluid, however, 
disclosed numerous atypical cells (Fig. 172, F). 

Comment. — ^Tlie foregoing cases emphasize certain facts concerning the 
study of cellular constituents in pleural and peritoneal fluids. 

1. Tumor cells are often but not always present in bodj’ cavity fluids, 
even in cases of pleural and peritoneal carcinomatosis. 

2. Irritative phenomena may so alter the mesothelium that atypical 

E (Case An.'iplastic carcinoma in biopsy of bronchus from right lower lobe. H. 

and E. stain; X835 

F (Case IX), Numerous atj-plcal cells iri cell block from pleural effusion in a case of 
sj^philitic aortic aneurysm A neoplasm was not suspected clinically and was not found at 
necropsy. X2I5. 

G (Case X), Adenocarcinoma in biopsy of bmph node. Primary site questionable. II. 
and E slain, X395 

II (Ca«e X), Malignant cells in cell block of sputum Diagnosb of bronchogenic car- 
cinoma established. X395. 

(A to II reduced one half from original micropbotographs ) 
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cells are produced which often cannot be distinguished from neoplasia. 
Such cells have a tendency to form acini. 

3. Relatively benign tumors such as pseudomyxoma peritonei often 
cannot be distinguished from more malignant tumors. 

4. Many tumor cells in body fluids become vacuolated. 

5. The primary sites of malignant neoplasms frequently cannot be 
determined from the exfoliated cells. 

6. In spite of these several disadvantages inherent in the cell block 
metliod of study of body fluids, considerable help is frequently obtained 
both in the recognition and localization of malignancy 

TUMOR CELLS IN SPUTA AND BRONCHIAL SECRETIONS 

Gower^® and TVallner and McDonald** have written recently on the 
value of the cytologic examination of sputum in the diagnosis of pul- 


TABLE 2 

Rescits or Exauikation or Sputa akd Bronchia]. Secbbtiovb in Toirtt-two Cases 
OP PcUIONART CaRCIHOUA 


Method 

Tumor Celia 
Present 

> 

if 

Tumor Celia 
Absent 

Cell block ' 

6 

4 ' 

8 

Smear 

4 

S 

5 

Total 

10 

\ * 

1 


'i^’jmonary malignancy Diggs,** Herbut*’ and Herbut and Clerf**- **■ *' have 
/ stressed the finding of cancer cells in bronchial secretions. The present 
uTiters have employed both the cell block and the smear methods m the 
study of sputa as well as bronchial secretions. 

The results with sixty patients on whom a total of 153 examinations 
were performed (sixty-three cell blocks and ninety smears) have ser\'eil 
to emphasize certain facts of the examination which are of prime im- 
portance One is the necessity of exercising great care in the collection 
of the specimen. Only fresh sputum should be employed, and this must 
be free from gastric contents and the mucous secretions from the posterior 
nasopharynx UTiencA'cr possible, the sputum e.xamination should be fol- 
lowed by a studj’ of smears of the bronchial secretions obtained by 
aspiration dunng bronchoscopy Multiple examinations of the same 
patient are essential, and it should be realized that this is time-consuming 
Even then, the results obtained with Ihirty-two proved cases of pul- 
monary carcinoma in this hospital are not exceedingly gratifying (Tab e 
2). On repeated examination only nineteen patients were found to JiaAC 
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neoplastic or atypical cells in their secretions and fully thirteen patients 
had no tumor cells. It must be emphasized at this point that atypical 
cells arc not necessarily neoplastic cells. Suppurative processes in the 
lungs and bronchi, and expecially tuberculosis, frequently produce mor- 
phologic changes in the respiratory epithelium. Cells which are desqua- 
mated from this epithelium have an atypical appearance. 

Conversely, it should be borne in mind that bronchogenic tumors may 
produce complete block, in which case tumor cells would be absent from 
both sputum and bronchial secretions. The practice of obtaining a 
biopsy of abnormally appearing bronchial mucosa during bronchoscopy 
for the aspiration of secretions is therefore to be encouraged. 

Experience has demonstrated the fact that bronchial w’ashing and 
aspiration is a particularly valuable procedure in the diagnosis of tumors 
of the right upper lobe. Neoplasms in this location are beyond the field 
of %'isualization on bronchoscopy, which precludes biopsy. In two cases 
included in Table 2, smears of the bronchial secretions from the upper 
lobe of the right lung were positive for tumor cells. 

It has been the practice in this hospital to prepare cell blocks of sputum 
when there are copious amounts. Centrifugation serves to concentrate 
the desquamated cells. But occasionally the small quantity of sputum 
does not permit this technic, in which case fresh smears are fixed and 
stained by the Papanicolaou method.* Bronchial secretions, on the other 
hand, are almost always prepared for study by the smear method. When 

* The method originally described by Papanicolaou and Traut' haa been slightly modi* 
Bed in this laboratory and as follows 

1. Fu thin smears unmediately before drying in equal parts of 95 per cent alcohol 
and ether for five to fifteen minutes. 

2. Kinse in 70 per cent alcohol, then in 60 per cent, and finally in distiUed water. 

S. Stain in Harris’ hematoxylin for ten minutes 

4 Wash in distilled water. 

5 Decolorize in four to five changes of 0.5 per cent hydrochloric acid water, pouring 
off and on in jar 

6 Rinse thoroughly in tap water. 

7. Place for one minute in weak lithium carbonate (3 drops of a saturated solution 
in 100 cc. water). 

8. Rinse in tap water 

9 Pass through 50, 80 and 95 per cent alcohol. 

10. Stain for five minutes (using a slop watch) with Papanicolaou’s orange G. 

11 Rinse in three changes of 95 per cent alcohol, using Coplin jars 

12. Slain for five minutes in Papanicolaou's E.\ 36. 

13. Rinse in three changes of 95 per cent alcohol Use fresh jars and fresh alcohol. 

14. Absolute alcohol, xylene, mount in darite 

Use a water bath for preparing the stains They tend to precipitate and must be shaken 
occasionally, healed on the water bath, and filtered. Each solution is filtered separately 
before combining to make the final stain. 
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bronchial washings with saline are resorted to, the quantity of aspirated 
material again determines which tedunc will be followed. 

The group of cases which follow serve to illustrate some of these con- 
clusions 

Case X. — S. It , a SO year old man, had a cough and expectoration for one 
and one-half years Bronchoscopie examination was negati\-e, but biopsy of a 
lymph node later revealed metastatic adcnocareinoma (Fjg 172, G). At about 
this tune a cell block prepared from the sputum was found to contain clusters of 
tumor cells (Fig. 172, /f), and helped to establish the diagnosis of bronchogenic 
carcinoma, which was later confirmed by x-ray examination. 

Case XI. — TV. C. was a 45 year old man who had cough, night sweats and 
expectoration (negatire for acid-fast organisms). Smears of the sputum stained 
by the Papanicolaou method disclosed tumor cells (Fig ITS, A) Bronchoscopy, 
rocntgenographic findings and thoracotomy proved the diagnosis of a pulmo- 
nary carcinoma in the right upper lobe (Fig ITS, B) 

Case XIT. — C K , a man C4 years of a^, had pain in the lower part of the 
chest on the right side for about one year. A ceil block of the sputum revealed 
atypical cells (Fig ITS, C). Metastatic adenocarcinoma was found on biopsy 
of the right eighth rib Necropsy proved the presence of a primary carcinoma in 
the upper lobe of the right lung. 

Case XIII — B. G., a man of 68 years, entered the hospital with a diagnosu 
of pulmonary carcinoma. Smears of the sputum stained by the Papanicolaou 
method showed clusters of indistinct pink cells which were diagnosable oub’ 
as questionable tumor cells (Fig. ITS, D) Postmortem examination rerealed a 
) nonkcratinizing squamous cell carcinoma of the lower lobe of the right lung 
(Fig ITS, E) 

Oroitge G 

Orange G 
05% alcohol 
PhospfaotuogstJC acid 

F.A SG 

light green 0 5% in 9S% alcohol 
Bismarck brown 0 5% in 9S% alcohol 
Eosin y 0 5% m 9S% alcohol 
Phosphotungstic acid 

Lithium carbonate, saturated aqueous solution 

Acidophilic cells vary in color from orai^ to ml 

Basophilic cells are green or blue 

Fragments of tissue and red blood cells are orange-green 


0 5 gra 
too ec. 
0 015 gm 


45 cc. 

10 CC. 

45 cc 

0 2 gm 

1 drop 
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Case — I. A., a man 69 years of age, had cough with blood-streaked 

sputum for five montlis. His condition was too poor for bronchoscopy and x-ray 
examination merely revealed clouding of the right upper lobe. The differential 
diagnosis lay between an inflammatory lesion and carcinoma. A cell block of 
the sputum revealed tumor cells (Fig. 173, F) 

Case XV. — J. V. was a 58 year old man who entered the hospital with a 
diagnosis of carcinoma of the rectum and metastases to lungs and spine. Sig- 
moidoscopy rewaled a benign recta! poij'p and the findings on x-ray examina- 
tion of the vertebral column were interpreted as traumatic arthritis. Bron- 
choscopy failed to show any endobronchial lesion and no significant amount of 
secretion. Bronchial biopsy was negative, but a Papanicolaou smear of the bron- 
chial secretions done at the same time was positive for tumor cells (Fig. 173, G). 
/Vn exploratory thoracotomy was then performed reluctantly and revealed a 
tumor mass, 4 cm. in diameter, in the peripheral portion of the right upper 
lobe. Because the patient’s condition did not permit pneumonectomy, the tumor 
was excised locally and n-as found to be an anaplastic carcinoma on micro- 
scopic examination (Fig. 173, 11). 

Comment , — ^Tlie value of a thorough search for desquamated tumor 
cells in sputa and bronchial secretions needs no further emphasis. This 
has been amply demonstrated by the case histories whicli have just been 
detailed. Lest overconfidence in the cell block and Papanicolaou smear 
methods of study result, a word of caution is indicated. In two ways 
these metliods sometimes fail. Tumor cells may be absent both in sputa 
and bronchial secretions, even on repeated examination, in the presence 
of a known carcinoma of the lungs. Tliis happened in thirteen of our 
thirty-two cases. And in rare instances atypical cells are found which 
suggest malignancy when a pulmonary neoplasm is not present. This 
occurred in one of our patients who was subjected to a pneumonectomy 
and who was found to have a lung abscess. 

It is worth recording that in our c.xpericnce tumor cells have not been 
found in the bronchial secretions from patients who have pubnonarj' 
metastases. This is difficult to understand since erosion into bronchi bj' 
metastatic tumors can and does occur. 

TUSIOR CELLS IN GASTRIC CONTENTS 

Results of examination for tumor cells in materials removed from the 
.stomacli have almost invariably been disappointing in this hospital. 
Other ^\Titers,”' 20 however, have had better success. To be of 
value, the cytologic e.vamination of gastric contents should be performed 
m early suspected cases of malignancy. Since most of the cases of gastric 
carcinoma at Itlontefiore Hospital have been in far advanced stages, 
cytologic examinations were undertaken not as an aid in diagnosis but 



Fig 173 — A (Case XI), Smear of sputum stained by Papanicolaou method glinws i 
malignant cell (pink cytoplaioi) XS9S 

D (Case XI), Biopsy from right upper lobe bronriius to show carcinoma 11 and E 
slain; X18S 

C (Case XII), Cell block of sputum. Note atypical cells X34o 

D (Case XIII), Papanicolaou smear of sputum to show clusters of questionahle tumoi 
cells which had pink cytoplasm. X395. 
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rather to los.1 the valuUty of such examinations. In all, eleven cases of 
jjastric malignancy were studied and the diagnoses verified later by 
biopsy or at necropsy. In onl}’ one of these patients were tumor cells 
found in the fluid. 

The di.sappointing results were chiefly attributable to the nature of our 
cases; i.e., the tumors were all large and necrotic with viable cells present 
only in the depths of the lesions. Presumably, the cells which are des- 
quamated into the stomach from such necrotic lesions are rapidlj’ 
digested. This emphasizes the need for study of fresh material which 
should be uncontaminated by sputum. 

Case X\T. — L. E. was a 55 year old woman with symptoms of six months’ 
duration characterized by constipation, anorexia, nausea and vomiting. The 
patient lost 35 pounds in weight and developed cramplike, epigastric pain. 
E^loratory lajwirotomy disclosed an inoperable carcinoma in the distal third 
of the stomach with metastases to the adjacent omentum and right lobe of the 
liver. Gastric aspiration yielded 50 cc. of cloudy j-cllow fluid which was centri- 
fuged and prepared for study by the cell block metlnod. Numerous desquamated 
epithelial cells, some leukocytes, and clumps of degenerating large polyhedral 
cells nere present. The latter were suggestive of carcinoma (Fig. 174, A). 

TUMOR CELLS IN URINE 

It is the opinion of most writers*'- **• **• *' that smears of urine sediment 
are of value in the diagnosis of neoplasia in the urinary tract. In this 
hospital, tumor cells were found in the urine of one patient who had an 
adenocarcinoma of the kidney (proved by necropsy), one who had a 
transitional cell carcinoma of the renal pelvis (proved by biopsy), and 
two who had carcinomas of the urinary bladder (also proved by biopsy). 
Of course, many more urine specimens of other patients were examined 
w’ith negative results, but in none of them w'as a urinary tract neoplasm 
demonstrable at any time. In other words, there were no instances of 
falsely positive examinations. The limited number of patients with 
malignancy of the urinary tract wdio were studied does not warrant any 
conclusions as regards the general reliability of this method of exam- 
ination. 


E (Cnse XIII), Photomicrograph ofbronchua of lower lobe of right lung. Nonkeratiniz* 
ing squamous cell carcinoma II. and E. stain; X135. 

F (Cnse XIV), Note tumor cells suggestive of keratinizing squamous cell carcinoma in 
cell block of sputum. X5tS. 

0 (Case W), Papanicolaou smear of bron<dual secretion from right upper lobe. Note 
numerous tumor cells (bronchial biopsy done at same time was negative for tumor cells). 
X545. 

II {Case XV), niotomicrograph of anaplastic carcinoma in right upper lobe II and E 
stain; X185 

(/I to II reduced one half from original microphotographs ) 



Fig 174 — A (Case XVI), Badly degenerated cells suggestive of carcinoma are seen in 
the cell block of aspirated gastric fliud X545 

B (Case XMI), Questionable tumor cells are seen in the Papanicolaou smear of the 
Urine sediment from a case of carcinoma of the bladder X^4S 

C (Case XVIIl), Cluster of tumw cells m unnary sediment stained b> Papanicolaou 
tnetbod Diagnosis of transitional cell carcinoma of renal pelvis established by biopsy 
X545 

D (Case XJX), Vaginal smear shows atypical cells Biopsy of cervical p 


' ' 'vc of malignancy . 

^ •’ atis but no tumor, 

been removed three yeans previously. i 

F (Case XXI), Tumor cells in largr nt in the vagi 

advanced case of carcinoma of the 
(A to F reduced one half from mn.. 
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Case X^^I. — J. H., a man 77 years of age, developed painless hematuria, 
then swelling of the inguinal Ij’mph nodes. Low back pain followed and, finally, 
swelling of the entire right lower extremity. jCetastatic carcinoma was found in 
a biopsy of an inguinal Ijmph node. Papanicolaou smears of urine sediment 
revealed questionable tumor cells (Fig 174, B). These examinations were fol- 
lowed by a biopsy of the urinary bladder, which disclosed the primary site of a 
carcinoma 

Case XVIII. — JL H., a man of 62 years, had hematuria, frequency and 
nocturia for about a year. There was increasing weakness and a loss of weight. 
Intravenous and retrograde pyelography showed an obstruction of the right 
ureteropelvic junction. Smears and cultures for acid-fast organisms were nega- 
tive. Repeated smears of the urine sediment contained numerous cells of varied 
morphologj*. Leukocytes, macrophages, squamous epithelial cells and desqua- 
mated renal tubular cells were present. Among them were found clusters of aljii- 
ical cells of different sizes and shapes and with hj'perchromic nuclei. These were 
interpreted as representing tumor cells (Fig. 174, C). A right nephrectomy was 
then performed and the diagnosis of a transitional cell carcinoma of the renal 
pelvis established. 

Comment , — It is not intended to emphasize tlie early diagnostic value 
of this form of urinarj' sediment examination with these illustrative cases. 
The clinical hi.storios, physical examinations, and special procedures (in- 
cluding biopsy examination) were adequate to establish the diagnosis 
without the aid of the urinary sediment smear. The important facts 
which these cases emphasize arc that desquamated tumor cells do occur 
in specimens of urine and that these cells can be recognized with ease. 
Perhaps in earlier cases which present more serious diagnostic problems 
this tj'pc of examination could he of more value. 

TUMOR CELLS IN VAGINAL SMEARS 

In the twenty years which liave elapsetl since the publication by Pap- 
anicolaou- of his method for cancer diagnosis, and especially within the 
past five years, an imposing literature has appeared on the subject. This 
has reached sucli proportions that it is hardly possible for considerations 
of space to evaluate eadi contribution individually. Many of these 
papers, however, are included in the reference list."*~^’ 

All writers are agreed on the desirability of aids to earlier diagnosis of' 
uterine and cer\'ical cancer. The difficulties in diagnosis before the oc- 
currence of definite sj-mptoms, such as bleeding, are too well known to 
require repetition. It is also generally conceded that endometrial and 
ccr\*ical biopsies are all too frequently negative in the presence of definite 
malignancy. Frcmonl-Smith, Graham and Meigs^® estimate that this 
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occurs in 10 per cent of cervical cancers. Any method of diagnosis, there- 
fore, which would contribute to a reduction in the number of undiagnosed 
earf}- cases would be of enormous value There appears to be little doubt 
that the accumulated experience with the Papanicolaou smear technic 
indicates that this method has such toIuc. 

It should not be assumed, howev'er, tliat the vaginal smear solves en- 
tirely the problem of e<arly diagnosis Tlie smear fails to delect malignant 
disease in approximately 30 per cent of endometria} and 10 per cent of 
cervical cancers ” It also yields “false positive” results variously esti- 
mated at from 1 to 2 per cent. To help avoid such diagnostic errors it is 
clearly indicated that the smear method be combined with surgical 
biopsy in “positive” cases. 

The vaginal smear has been instituted as a routine procedure in many 
Cancer Detection Clinics because of its reliability in noncancerous cases. 
In the Cancer Detection Clinic of the Montefiore Hospital, between 
March lQ-i7 and July 10-18, I'aginal smears n-cre made of PSl patients 
Every female, regardless of age ami preceding lustory, who reported to 
the Clinic had sueli an examination. Two smears were prepared in eacli 
instance, fixed promptly before drying in cther-alcobol solution, and 
stained by the Papanicolaou method as outlined above. Atypical cells 
were found in tlie smears of but nine patients, in only one of whom was a 
malignant neoplasm verified (Case XIX). The atypical cells were defi- 
nitely due to chronic cervicitis in one instance (Case XX) and probably 
due to this cause in the others. 

Case XES — G J., a50 year old woroaD.came to the Cancer Detection Clinic 
for a routine exaraination She uas still nienstruafing, but the duration of her 
periods which formerly lasted five days had increased to ten The ccrvlr was 
large, irregular, Imrd and granular mlh a patulous os tiirough which projected 
a poljT which measured 8 mm. in diameter "Hie pol}!) bled easily on examina- 
tion A vaginal smear disclosed atj'pioal cells suggestive of malignancy (Fig. 
174, D) A biopsy of the polj'p confirmed Ibc diagnosis of early carcinoma 

Case XX — B. L., a 51 year old woman, had bad a supraceri’ical bj'sterec- 
tomy three years previously for unknown reasons. In the Cancer Detection 
Clinic the cervix nas found to be atrophic Repeated vaginal smears contained 
alj-pical cells, some m nests and some scatter^ singly {Fig 174, £) Cersical 
biopsy revealed chronic cervicitis but no evidence of malignancy 

A far higher incidence of positive vaginal smears has been rejwrt^ 
from many gynecologic .services than we found among the patients 
Cancer Detection Clime. Two reasons probably account for this, both 
are based on the greater selecUvity of the patients. Age was not a selec- 
tive factor among our patients as it often is among n omen who present 
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Ibeniselves for examination in a gynecologic clinic. Many of our patients 
were in their twenties and tliirties. Also^ the fact that our patients came 
to tlie Cancer Detection Clinic rather than the outpatient gj’nccologlc 
clinic indicates that they had no special signs or symptoms referable to 
the genital tract. 

It cannot he claimed that proficiency iti the cj'tologj’ of the vaginal 
smear is easily attainable. This hakes a large experience. The method is 
also time-consuming. It is frequentlj* necessary to repeat the examination 
because the cells which are found are merely atypical — they are neither 
definitely neoplastic nor definitely normal components of the vaginal 
secretions. Of course, with more experience the uncertainties in diagnosis 
diminish, but they never quite vanish entirely. Furthermore, the certain 
knowledge that some definitely neoplastic cases fail to be revealed in the 
vaginal smears is both disconcerting and dictates longer study of the 
negative specimens. Even so, some knotvn cases of malignancy are missed. 

In fifteen advanced cases of uterine or ccr\’ical carcinoma, the present 
writers found the vaginal smears positive in eight. Three additional cases 
had atj’pical, but not definitely neoplastic, cells. In three more cases the 
smears showed only necrotic material; cells well enough preserved for 
identification could not be found. And the last case n-ns negative on 
repeated examination. 

Case XXI. L. F., a fl'oman of 60 years, entered Uie hospital for postmeno- 
pausal bleeding, ^Vn inoperable carcinoma in the lower portion of the uterus 
was found on e.xploratory laparotomy. The cervix and both ovaries were also 
in^■oIvcd On vaginal smear, many leukocytes as well os tumor cells were pres- 
ent (Fig. 174, F). 

Com?neni.^As an accessory aid in the diagnosis of malignancy of the 
genital tract, the vaginal smear method of Papanicolaou has an estab- 
lished place. Its sphere of greatest usefulness perhaps is in the gj’necologic 
clinic where early signs of malignancy are sought. But it must be borne 
in mind that an appreciable number of cancers of the uterus and cervix 
escape detection by this method. 

The value of the vaginal smear in the Cancer Detection Clinic among 
a wholly unselecled group of women of all ages seems quite dubious. 
It is questionable whether the results justify the procedure on economic 
grounds and whether the time of trained personnel could not be devoted 
to more fruitful pursuits. 

SU>LMAUY 

An attempt has been made to cxmluate the cell block and the Pap- 
anicolaou smear methods of tumor diagnosis in pleural and jieritoneal 
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fluids, sputa and bronchial sMiretions, gastric contents, urine, and vaginal 
secretions. The advantages of eadi, and some of their limitations, are 
discussed. The technical procedures ate described in detail. The cytology 
of tumor cells in diafpiostic spedmens ts illustrated. 
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THE DIFFERENTIAL DIAGNOSIS OF SPINAL CORD LESIONS 
J. Lawrence Pool, M.D., F.A.C.S.* 


Each year a number of patients bavnng surgically remediable condi- 
tions of the spinal cord or cauda equina are seen by the neurosurgeon 
after they have unnecessarily suffered pain or disability for months or 
years. Because of the acknowledged difBcuIUcs in making an early diag- 
nosis in many such cases, sometimes simulating hysteria, disseminated 
sclerosis, tabes dorsalis, neuritis or arthritis, a brief discussion of the 
intraspinal conditions commonly treated by the neurosurgeon seems 
well worth while. 

A really careful history of systemic and neurological symptoms, stress- 
ing the date of onset and details of Uie march of symptoms, should go 
a long way towards determining the general nature of tlie disease process ; 
that is, whether it is neoplastic, inflammatory, traumatic or congenital 
in origin. Tlic physical and neurological examinations, together with 
appropriate laboratory studies, then serve to clinch the diagnosis and 
indicate the level of the lesion, although in some instances tins is im- 
possible without e.vploratory laminectomy. 

CLASSIFICATION 

From the neurosurgical point of view, diseases of the sj)inal canal may 
be broadly classified as neoplastic, inflammatory, traumatic, cougoivital 
and “miscellaneous." 

Neoplastic Lesions. — ^Neoplasms may be (A) extradural or (B) in- 
tradural, Most tumors of the extradural group are malignant and arise 
from structures outside the dura, wliile most intradural tumors arise 
from the spinal cord, nerve roots or meninges. 

The intradural group may be subdirdded into (1) intramedullary: 
those originating within the substance of the spinal cord such as ependj'- 
inonias and other gliomas ; and (2) extramedullary tumors ; such as those 
arising from the nerve roots (Dcurofibromas) or meninges (menin- 
giomas). 

A. Extr.^dukal. — Extradural tumot^ (Fig. 175) usually produce 
symptoms and signs as the result of spinal cord compression rather than 
invasion. Most of them are malignant, such ns tumors of the lymphoid 
series* Gi*raphoblastoma, l^onphosarcoma, Hodgkin’s disease and 
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others), metastatic carcinoma and sarcoma, chordoma; sympathico- 
blastoma, and so on. Sympathicoblasloraas commonly arise in the 
medmstinum and extend locally by direct extension, while chordomas 
generally occur in the lumbosacral repon where they result in extensive 
destruction of boned* 

Metastases to the spine are particularly apt to occur in the presence 
of carcinoma of the breast, prostate, thyroid,” salivary glands or kidney 
{hypernephroma), and may affect tbe spinal cortl cither by compression, 
direct invasion or as a result of pathological fractures, 



J Fig 175 KxtrnduraJ tumor of spinal canal (aarcoma) fFrom C, A- Surgirst 

Diseases of the Spinal Cord, Membra***?, a*?d Nerve Jtoolj I^ul B Jloeber, Inc , New 
York, Jff-11 ) 

A tumor such as a neurofibroma that extends through an inter\’er(e- 
bral foramen is often referred to as a dumb-bell tumor because of its 
shape 

Extradural tumors of bony origin include multiple mj'elomas, osteo- 
genic sarcomas, round cell tumors, hemangiomas of the vertebrae,” 
and the ostcomatous proliferations associated with Paget's disease.’’'* 
Pathological fractures of vertebrae may be second.iiy' to bone tumors 
such as multiple myelomas, or to other conditions such as osteitis fibrosa 
cystica. 

Other CTtradural neoplasms of the spinal cinal (which may also be 
intradural) include lipomas, neurofibromas, hemangiomas, and der- 
moid’® or epidermoid tumors.” 

Certain tumors of the central nervous system may metastasize by 
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dissemination through the cerebrospinal fluid, particularly the medullo- 
blastoma of children and young adults. 

B Intradural.— 1. Extramedullary.— NcnroGhromas (see Fig. 180) 
and meningiomas are the tivo commonest tumors in this category, and 
botli are benign in the sense that if completely removed no recurrence 
may be expected. Either of these two tumors may, however, undergo 
malignant changes. It is wortli emphasizing that neurofibromas may be 
multiple and are frequently associated with cafe-au-lait spots of tlie 
skin, or with neurofibromas or lipomas of the skin, peripheral nerves, 
cranial nerves, oi other parts of the body (von Recklingbausen's dis- 
ease). For gross and microscopic characteristics of these and other spinal 
tumors the reader is referred elscwhere.'-***”*^^'**-®' 



Fig 176 —Intradural, intramedullary tumor of the spinal cord (From Elsberg, C. 
A.: Surgical Diseases of the Spinal Coni, Membranes, and Nera-e Roots Paul R. Hoeber, 
Inc , New York, 1911 ) 

2. Intramedullary — ^Tumors of gliul origin (Fig. 176) com- 
prise about 10 to 20 per cent of all spinal cord tumors, the ependymoma 
being the commonest.” An ependymioma. and less frequently an astro- 
cytoma, spongioblastoma or oUici types of glial tumor (rare in the 
spinal cord) may be associated with a syringomyelic ca\rity,’'”'*2 while 
an ependymoma in the lumbar region may completely fill the subarach- 
noid space.** 

Inflammatory and Infectious Conditions. — Foci of infection either by 
rliiecl extension or hematogenous spread may lead to an extradural 
(epidural) absccssj^granuloma, or to arachnoid adhesions. An extradural 
abscess usually arises from focal vertebral osteomyelitis. Staphylococcus 
aureus being the most prevalent organism * xVn extradural granuloma 
may simulate a neoplasm, both clinically and at operation. 

Poslinfcclious arachnoiditis .secondai;j' to a regional infecUon is often 
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local m cjrcuBiscribcJ compared to lie more diffuse arachuoid atihesiom 
sccondaiy to meningitis or meniBgovasenlur sypliilis. 

A tuberculous abscess in the ratraduml space is generallv a sequel ot 
tuberculosis of Die spine (Pott's disease) or of direct estension from a 
mciliaslinal or paravertebral tuberculous process (cold abscess) androav 
eventuate in tuberculous meningitis. Pott’s disease may also lead to 
deromiities of tbe spine r.tpahji' of spinal cord compression 



Ttg 177 "EKtWflural arachnotd cj«l 4)7 ibe spjpal cord (From Elsberg. C A Sur?>' 
cal Disease) of tie Spinal Cord, Membranes, and Nerw Roots Paul B Iloeber, Inc-, 
Xeiv I'ori:, IS41 ) 


Trauaisfic lesions. — 7V.iuma ieota & fail, vciiicuiar or olfaer type el 
accident, or from heavy lifting or a sudden twist (especisahy of the nech 
or Ivnnbar spine) may result in a fmeture or fracture'<!is!QcatioD of one 
or more vertebrae, and perhaps in herniation o/ an in terv'ertebra) disk.'- 
Any of these conditions may lead to neurological disturbances from cons* 
pression oi the spinal cord ^ or cauda equina, or to pain due to nerve root 
eompression/* 

Violence transmitted to tbe sjane irilh or without a fracture may 
suit in spinal cord concussion, edana. contusion or hemaloroyeha, 
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laceration of tie cord or its nerve roots may be caused by a penetrating 
knife, ice-pick, or bullet wound, as well as by fragments of indriven 
bone.^*-^* 

The formation of a post-traumatic extradural cyst, apparently due 
to herniation of the arachnoid membrane, is a rare finding that 
may result in intermittent or progressive signs of spinal cord corapres- 

sion«.32.5i 

An acute traumatic episode, especially if accompanied by subarach- 












Fig. 178 — Operative exposure of angioma of spinal cord in region of conus meclu]lari'<. 
Note huge vascular channels al center of erposure. Signs and sjTnploins •were extremely 
variable in this case, and commenced after spinal puncture for the administration of spinal 
anesthesia, one year prior to laminectomy. (Author’s case; photograph by courtesy of 
E. Efiron, hi D., New York, N. Y.) 

noid bleeding, may eventuate in arachnoidal adhesions which in a yeverc 
form (regardless of cause) may so constrict the spinal cord and its blood 
vessels as to produce captation (syringomyelia).”*” Spina! trauma 
apparently may somelimcs accentuate signs or symptoms of multiple 
sclerosis or amyotrophic lateral sclerosis. 

Finally, a discussion of trauma should include the occasional cases 
that suffer spinal cord changes ns the result of spinal anesthesia.”*”**’ 
Such cases sometimes prove to have preexisting cord disease (Fig. 178). 
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CoQgeniUil Conditions. — Among the congenital conditions that may 
disturb the function of the ^inal cord or cauda equina aie meningoceles 
and memngomyeloceles»-»''‘«;aradmoid cysts (Fig. 177)«5 dermoid and 
epidermoid tumors (the latter sonmUmes having an associated dermal 
sinus manifested by a draining dimple of the skin) ; and vosenkr anom- 
a!|^s9.ii.s5 juj-h as varicose \'esscis, aneurysm'®-" or angiomas involving 
the spinal cord and nerve roots {F5g. 17B). Angiomas maybe evtradurai, 
intradural or both 

The congenital anomalies of the skeletal system most often seen in* 
elude platybasia (basilar impression of the base of the stu!I)“'®''“ which 
may lead to spinal cord changes sometimes simulating multiple sclerosis; 
spina bifidfl’® uith an associated meningocele or arachnoidal cyst; and 
the Hippel-Feil syndrome.*’*^ 

AlisccUaDCOus. — ^Degenerative diseases’'®'**'®*'** such a« multiple 
sclerosis, amyotrophic lateral sclerosis and eombined system disease; 
syringomyeiin; thrombosis of the anterior spinal arterj’; virus diseases 
and neuTosyphilis” must be considered in tie diagnosis of spmal cord 
disease.^. 


DlFFEnENTIAL WAGNOS/S 

History.— The first function of the histoi^' is to delemine whether or 
not the disease process is neoplastic, inflammatory, post* traumatic, con- 
genital or degenerative 

Loss of weight and other characteristics of a malignancy, togetlier 
'.with 0 histoiy of neurological disturbances of rapid progression, suggest 
.)i metastatic tumor of the spine. In contrast, slowly progressive symp- 
toms insidious in onset, in an otherwise healthy individual, are often 
associated with a primary neoplasm within Uie spinal cord 

A hislorj' of tuberculosis, syphilis, gonorrhea, a virus disease or a focal 
infection m^y of course indicate an inflammatory or postinfections dis- 
ease of the spinal cord 

A history of pain accentuated by alleraUons in posture is character- 
istic of post-traumatic conditions such as herniation of an intervertebral 
disk or narroning of an intciv^erlebral foramen. 

A history of disability from birth suggests a congenital lesion such as 
spina bifida associated with a meningocele, while symptoms of other 
congenital anomalies, whether vascular (angiomas) or skeletal (platy- 
basia) may not come on until the second decade or later. 

Degenerative diseases of the spinal cord are usually not aCMmpanied 
by a historj’ of pain, but have other well known characteristics. For 
example, mvlliple sclerosis is usually associated with signs of crania 
nerve or cerebral involvement as wcD as with both sensory and motor 
changes of spinal cord origin, and is also characterised by reroisnofis, 
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while amyotrophic lateral sclerosis is free of sensory disturbances and 
tends to run a progressive course without remissions, ^^^le^ a degenera- 
tive disease is suspected the history' should rule out dietarj’ deficiencies 
and also the possibility of syphilis which, though treated, may eventuate 
in a sj’ndrome not unlike amyotrophic lateral sclerosis. 

A second function of the history is to indicate the location of the 
lesion. Root pain indicates the level and the side of the lesion. The level 
may often be indicated by the distribution of numbness in trunk or ex- 
tremities although this is not always a reliable guide, as a tumor may be 
several segments higher than the sensory level.’* Indeed, initial subjec- 
tive sensor}’ complaints indicating a spinal cord tumor may for months 
be so vague and intermittent that a diagnosis of hysteria or multiple 
sclerosis is made. 

The patients should be asked whether the temperature of bath water 
feels different on opposite sides of the body, suggestive of a Brown- 
S^uard syndrome. If temperature perception is bilaterally impaired in 
a girdle zone over the trunk this is suggestive of sjTingomyelia. The pa- 
tient should be asked whether he can walk without falling in the dark 
(a characteristic of tabes dorsalis, combined system disease, and some- 
times of a cord tumor pressing on the posterior columns). Subjective 
variahility of sensoi}’ modalities may be an indication of varicosities or 
an angioma of the spinal cord, due to variable distention of the abnormal 
blood vessels. 

Motor . — A historj* of the mode of onset and course of motor disability 
helps determine the location and tj’pe of a spinal lesion. Thus, weakness 
of the legs but not the arms suggests a lesion below the cer\’ical level 
affecting the lateral aspects of the cord, while impairment of bladder 
and rectal control as an initial symptom suggests a lesion affecting the 
ventral part of the cord, conus medullaris, or sacral roots. 

Weakness of specific muscle groups furthermore may prove as accu- 
rate in localizing a lesion as sensorj’ findings. The reader who wishes to 
refresh his memory on the innervation of individual muscles (and sen- 
sory’ distribution) is referred to the charts in Elsberg’s book on spinal 
cord tumors.’* 

Most ruptured intcr\-ertebral disks result predominately in unilateral 
pain and neurological disability, although midline herniations of course 
lead to bilateral signs. In tlie neck the commonest sites for a herniated 
nucleus pulposus are between C 5— C and C 6-7 ; in the lumbar region at 
L 5-S 1 or L 4-5 and more rarely at L S-4 and L 2-3. Multiple hernia- 
tions may also occur.” 

NEUROLOGICAL EXAMINATION 

Examination of tlie patient should of course include a thorough physi- 
cal examination with reference to the possibility of a malignant tumor, 
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enlargement of the lymph glands, pulmonary disease, deformity of the 
spine, and cutaneous anomalies such as pigmented areas (cafe-au-lait 
or melanotic spots) i subcutaneous nodules (lipomas or neurofibromas) ; 
vascular nevi; dermal sinuses and so forth. Foci of infection should be 
looked for, including prostatitis, and the rectal tone should be checked. 

Motor Status. — The gait, stance, and ability to move the trunk and 
extremities should he noted, rrhile muscle strength and reflex status 
should be recorded Fascicular or fibrillary muscle twitching should be 
sought for since they may be indicative of anterior horn cell disease or 
degeneration of nerves. Fasmculation may often be observed clinically 
at the level of a cord lesion and may be demonstrated by electromyo- 
grams.** 

Sensory Status. — All forms of sensation should be carefully tested, 
and the saddle area should not be overlooked. In general, nerve root 
involvement is indicated by sensory changes affecting all modalities; an 
intramedullary tumor or syringomyelia by a bilateral girdle-like band 
showing impaired pain and temperature perception (since these fibers 
are usually destroyed as they cross the anterior commissure of the cord); 
while impairment of posterior column sensation alone (vibration and posi- 
tion sense) may indicate either a tumor pressing on the dorsal aspect of the 
cord, a degenerative disease such as that associated with primaTy anemia, 
or tabes dorsalis, the latter usually beingaccompanied by lightning pains 
in addition. 

The Brown-SIquard syndrome signifies disease or compression of one 
half the cord and is characterized by impaired pain and temperature 
perception on the side opposite the lesion, with impaired vibratory and 
position sensation, reduced power and abnormal reflexes on the same 
side 

Spotty, scattered sensory and motor findings usually point to a de- 
generative disease such as multiple sclerosis, or to adhesive arachnoiditis 
or varicosities. 

IVhen all sensory and motor function is lost below a given level it is of 
course obvious that a complete transverse lesion of the cord exists, a 
band of hyperesthesia being frequently found at the level of the lesion, 
just above the upper limits of sensory loss. 

Autonomic Status. — Sometimes the level of a cord lesion is clinically 
demonstrable by altered skin temperature, sweating or pilomotor re- 
sponse, while a Horner’s syndrome points to a cord lesion at C 8 - 

T 1. 

X-RAY STUDIES 

Aside from myelography (see below) x-rays are essential to deter- 
mine the presence or absence of ^rion of bone by neoplasm or os eo- 
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myelitis ; e\ndeiice of ^dening of the interpedicular measurements sug- 
gestive of an intraspinal tumor;” or congenital defects such as spina 
bifida, the Klippel-Feil syndrome, or platybasia (basilar impression). 
Hemangioma of the vertebra, multiple myelomas, bone tumors and 
the like can also be recognized by roentgenograms. E\'idence of trauma 
such as a fracture, dislocation or narrowing of tlie intervertebral foramina 
and disk spaces may also be detectable. Calcification within an intra- 
spinal tumor occasionally occurs, but is rare. 

LABORATORV STUDIES 

Routine laboratory investigation should include a complete blood 
count, urinalysis, blood serologj' and erj’throcytic sedimentation rate. 
Special studies of the blood chemistry, a reticulocyte count, gastric 
acidity, and so on may be reserved for appropriate situations. Blood 
calcium, phosphorus and phosphatase determinations often prove valu- 
able in the diagnosis of metastatic and other bone lesions, while dis- 
turbances of the serum albumin-globulin ratio and the presence of Bence- 
Jones protein in the urine usually indicates multiple myeloma Micro- 
scopic examination of a biopsied lympb gland may reveal evidence of new 
growth in the lymphoid system. 

Cerebrospinal Fluid. — A single lumbar puncture may serve three 
purposes: (1) a test of blockage n*ilhin llie spinal canal*'; (2) a sample 
of cerebrospinal fluid for analysis; ^3) a means of carrying out a 
myelogram. 

1. As pointed out elsewhere,** greater accuracy in the manometric 
test can be aclueved by using a water instead of a mercury manometer. 
Normal readings in water pressure range from 100 to 200 ram. Light, 
momentary bilateral jugular compression normally yields an immediate 
rise of 10 mm. or more, with a swift return to the initial pressure. Firm 
bilateral, simultaneous jugular compression for axactly ten seconds nor- 
mally yields a sharp elevation of cerebrospinal fluid pressure w’hicli re- 
turns to the resting level within 20 seconds. Compression may be accom- 
plished digitally or with a blootl pressure cuff about the neck.*" 

In the presence of partial block a slow rise and fall will occur while 
the pressure of the cerebrospinal fluid tends to remain higher than its 
iniUal level. A total block prevents a rise in pressure on jugular com- 
pression. It is helpful to time the rise and fall with a stop watch and 
chart tlie findings on a simple graph. 

2. AMiile xantliochromic cerebrospinal fluid may indicate subarach- 
noid bleeding of fairly recent ori^n secondary to trauma or rupture of 
a varicose vessel, it is more apt to be associated with a complete long- 
standing cerebrospinal fluid block. Fluid that clots on standing usually 
indicates a block in the lower thoracic or lumbar region. 
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The average normal value of total protein of the cerebrospinal fluid 
does not exceed 40 to 50 mg. per 100 cc. As a rough guide, the follomng 



Fig 179 — Fanlopaque myelograza (ff ce ) sbon’ing defect caused by hernwtioa ol the 
nucleus pulposus between C 6 and 7 on the right. A tumor outline is generally more regu- 
lar and rounded. (Courtesy of E. H, Wood, AT D., C3uef, X-ray Department, The Neu- 
rological Institute of New York.) 


values associated with some of the commoner spinal cord lesions may 
be offered' 


Arachnoid adhesions . .. 
Herniated nucleus pulposus. 
Varicositjes of spina] cord . . 
Cord tumor (incomplete blodc) 
Cord tumor (complete block) . 


Total Protein of Cere* 
bfospinal Fluid 
(mg per 100 cc ) 
35-50 
55-75 
65-85 
,, .. S5-100 

... 100-«400 
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A mild degree of pleocytosis is usually associated with a \Trus disease 
of the central nervous system, but not with a neoplasm or herniated 
disk. In the \’irus diseases the total protein is generally not greatly 
elevated. The Guillain-Barre syndrome is characterized by a high pro- 
tein and low cell count of the cerebrospinal fluid. ^ Marked pleocytosis 
or frankly turbid cerebrospinal fluid accompanies meningitis, the type 



Fig. 180. — Circular defect indicates right ventral encapsulated neurofibroma at C 1- 
T 1. Four years history of pain in upper back. Paresthesias of bands and progressive Treak* 
ness and stiffness of legs for fifteen months. Sensory level at T 2 prior to operation. Suc- 
cessful removal of tumor, 

being determined by the clinical findings and other studies which 
should include a culture and smear of the cerebrospinal fluid. In tuber- 
culous meningitis a low sugar content of the cerebrospinal fluid is a 
characteristic finding. Other tests of the cerebrospinal fluid include a 
^^assc^man^ or tbc equivalent, and a colloidal gold curve.*’**'** 

3. Myelography.*^’** Myelography is best carried out with C cc. ratlier 
than 3 cc. of pantopaque dye, as the larger amount gives better \’jsual- 
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Sensory impairment, and atrophy, weakness, hypoactive reflexes and 
fasciculalion of the affected muscles help localize the lesion. Spinal cord 
compression by the disk may lead to weakness of one or both legs and 
abnormal neurological signs, induding difficulty in micturition, below 
the level of the lesion.*'^'** 

X-rays usually show a narrow intervertebral space and reversal of 
the normal curvature at the affected site. Lumbar puncture may reveal 
a partial block and elevated protein of the cerebrospinal fluid, while 
myelography will usually disdosc a diaracteristic defect (Fig. 17&). 

Although an anterior scalene syndrome may resemble a disk syndrome, 
the former can be ruled out by appropriate tests, and is usually auto- 
matically excluded if there are signs of spinal cord involvement A diag- 
nosis limited to hypertrophic osteoarthritis should not be made until 
the possibility of a ruptured disk has been ruled out. 

Ilemiaiion of a lumbar disk should be looked for in cases suffering low 
backache with pain radiating down one or both saatio nerves following 
a recent or remote back strain or injury Such pain is usually accentuated 
by coughing, straining or change of posture. Other diagnostic clues in- 
clude limitaUon of straight leg raising (with no discomfort on full flexion 
of the hip and knee joints); local spinal tenderness and sciatic nerve 
tenderness ; paravertebral musde spasm ; and motor and sensory findings 
oharactcristic of nerve root compression. Iferniation between L 4-5 is 
frequently associated with greater difficulty in straightening up the 
spine ; fewer sensory and reflex changes , and impairment of the posterior 
tibial reflex” as compared with herniation at L 5 - S 1. The chief signs 
of the latter consist of considerable linulatioji of straight leg raising; 
impairment of the Achilles reflex; sensory impairment on the outer 
aspect of the foot and saddle area; and atrophy of the gluteal and pero- 
neal muscles. 

^Miile x-rays frequently reveal narrowing of the intervertebral space 
at the affected level, myelography should be done whenever the diagnosis 
is in doubt, especially as disk protrusions may be multiple 


In conclusion, the author urges that all cases in which a diagnosis 
of a degenerative disease of the spinal cord is suspected be thoroughly 
investigated with the aid of x-rays, cerebrospinal fluid studies and 
myelography, as many cases believed to be in this category subse- 
quently provejto be cord tumor, a congenital defect of the 
canal or foramen magnum, or a cervical disk lesion— conditions tha 
can be helped by neurosurgery. 
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SURGICAL MANAGEMENT OF TUBERCULOSIS 
Robert R. Shaw, M.D,* 


Surgery in the treatment of pulmonary tuberculosis occupies a unique 
position in tlic field of surgery, in that the surgery is not definitive but 
is merely an adjunct in the treatment of patients liaving this condition. 
It has long been recognized that surgery will not eradicate tuberculosis 
from the body. Arnold de Villanova* (1235-1312) stated, “In most cases 
of scrofula external applications are belter tlian tlie use of the knife. 
Scrofulous patients always have other sources of infection within them.” 
This aphorism laid down centuries ago is sometimes forgotten and often 
needs restatement. Sweet® in 1946, while discu-ssing the re.isons for failure 
in resection for pulmonarj* tuberculosis, made the statement that 
“tuberculosis is not primarily a surgical disease.” Surgery in the treat- 
ment of pulmonary tuberculosis attains its results by an indirect method. 
Since pulmonary tuberculosis in the usual adult form tends to be a 
chronic disease owing to the fact that the tissues of the body continually 
make an attempt to contain and fibrose the infection, this natural healing 
process cun be augmented by collapse or relaxation of tlie diseased por- 
tions of the lung and thus hasten and make more sure the final healing 
process. Permanent collapse also seems to protect the patient against 
future reactivation of the disease. 

The scope of this paper will be confined to the broader aspects of 
surgical management of tuberculosis. The application of commonly ac- 
cepted surgical procedures to thks problem will be discussed. The indi- 
cations for these procedures whicli arc constantly changing will be pre- 
sented in the light of present opinion. 

Although surgery is considered only an adjunct of treatment it plays 
an important role in the management of patients luaving tuberculosis. 
Now tuberculous patient.s are considered for some type of collapse or 
surgery with the exception of those in whom the disease is so minimal 
that .such treatment is not necessary or those patients in whom the dis- 
ease is so far advanced that therapy of this type is impossible. In a recent 
survey at a small county sanatorium where a combined medical and 
surgical staff recommend procedures for patients under treatment, it was 
found that, of the nincly-three p.aUents in the sanatorium, sixty had 
undergone some type of surgical procedure. Table 1 indicates frequency 
of procedures usc<l and reasons contraindicating surgery. lycslie and 

•Aisociale IVofcssor of Thoracic Surgery, Medical College, Dallas. 
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Anderson* showed the value of a collapse therapy program in a sana- 
tonum. Comparing results in sanatoria where collapse therapy was ex- 
tensively used with those where it was not, there were not only more 
patients discharged with a diagnosis of arrested disease but also fewer 
deaths. These fewer deaths occurred in theface of the accepted mortality 
of the Various surgical procedure.^ that w'ere used. 


T.\»LK 1 

Collapse Thehapy is N’isbtv-thhke UvsELfcrEo TeBFRreLoes Patip.vts 


N’o Collapse Tbeiapy 33 

Disease rairumal ] 

Disease too far advanceU 

Iv’onluberculous cozaplicatiuns 3 

Surgery refused y 

Collapse Therapy 60* 

Diaphragmatic parab’sn 1? 

(with pneumoperitoneum, 5) 

I’neumofhoraT-effective 17 

^attempted in 37) 

Pncumonolysn 14 

Thoracoplasty in 

Ilesection (lobectomy) i 


* Totfil number of procedures doe^ aot e'jual total pitients because of patients having 
more than one tj-Tie of eolhpse 

GENERAL CONSIDERATIONS 

Surgery m pulmonary tuberculosis is designed to augment the healing 
process. This maj’ be through relaxation of the diseased tissue, through 
collapse, througli drainage, or through actual resection of the major focus. 
Relaxation may be all that is necessary to bring about complete healing 
of a new exudative lesion or a flare-up around a previously healed lesion. 
More chronic cavernous areas may need to be collapsed. Along with this 
collapse there may be a measure of compression. Clinical observation has 
shown that collapse is good for a tuberculous lesion while overdistentiou 
tends to cause rcacli\’ation This reactivation with overdistention has 
been one of the pitfalU in the application of pulmonary resection to this 
problem. 

Cavity closure and resultant sputum couversion is the critenon of 
success in the treatment of pulmonary tuberculosis. In using this criterion 
of success one does not overlook, however, such important factors as the 
general nutrition of the patient and the eradication of all signs of activity 
and the disease. Cavity closure may he luQuenced by many important 
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mechanical factors. Tuberculous tracheobronchitis is perhaps the most 
important factor operating within the lung which influences the closure 
of cavities. Obstruction of the bronchial lumen by ulcerating tissue and 
bronchial secretion may cause a valvelike action which places cavdtj’ 
areas under positive pressure. Such cavities resist closure and unless this 
mechanical factor can be eradicated it may be difficult to gain a good 
result. The thickness of the wall of a cavity may be so great that closure 
would be impossible bj’ collapse. In these tuberculoma-like cavities 
nothing except excision mil aid tlie patient in regaining his health. The 
extent of the pcricavernous tissue may also influence the time factor in 
bringing about complete cavity closure so that one would have to wait 
a much longer period following collapse for sputum conversion than in 
patients having cavities with thinner walls. In old cavities there may be 
epitheliallzation of the interior of the cavity from the bronchial mucosa. 
This will make impossible complete healing of the cavity. Cavities low in 
the lung and cavities near the mediastinum may be extremely difficult 
to close by any method. 

There are general considerations that must be borne in mind in select- 
ing the correct type of therapy. The extent of the disease within the lung 
influences decisions made. The disease may be so minimal that surgery 
would not have to be contemplated, or the extent of tbe disease may be 
so great that surgery is inadvisable since there would be insufficient 
pulmonary tissue to support life after the surgical program had been 
completed. Between these two extremes, however, there exists a group 
of patients who have disease of various extent — usually bilateral although 
often the disease is predominantly in one lung — who are suitable for the 
surgical procedures that have been devised for the treatment of this 
disease. The general advance of the disease or deterioration in the condi- 
tion of the patient may contraindicate or be cause for abandoning collapse 
therapy. ^Miether the disease is exudative or fibroplastic in its nature 
becomes an important consideration in the selection of therapy. 

The age of the patient must be cousidered. Thoracoplasty is a badly 
deforming operation on individuals in the growth period and thus should 
not be used in these patients. Advanced age may not absolutely contra- 
indicate certain of the major surgical procedures but might make them 
inadWsable. The estimated immunological response of the patient to the 
disease must be evaluated. Pulmonary tuberculosis is a disease given to 
exacerbation and remission. Tlic timing of the application of the various 
surgical procedures must be carefully considered in order to attempt to 
carry out the procedure at a time when the patient is in the best possible 
Mndition. Rest and chemotherapy may do a great deal to bring a patient 
into a condition where a proc^ure can be safely used. The p.aticnt’s 
economic situation must also be considered. Some tj-pcs of therapy must 
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be carried on over a period of months and years and may entaiJ con- 
siderable expense Very often the droicc hetn-een tiro procedures, both 
of which stand a good chance of success, may be made purely on the 
economic basis 

The temperament of the patient and his ability to cooperate may 
influence decision as to therapy. Some types of treatment, notably pneu- 
mothorax, require the utmost in cooperation between the patient and the 
physician. There are some people who arc not temperamentally suited for 
a drawn-out period of trcalmeot which requires such self-discipline. Tn 
patients of this temperament a permanent type of collapse such as 
thoracoplasty- may be preferable. 

PNEUMOTHORAX 

Pncuinolhorax in suitable patients and properly administered is ideal 
treatment. VxJortunaiciy it is appUcabU \o on)y appro3ia}ate)y SO per 

TABLE i 

CoNTnttvotc«tio\'s TO PyeotOTUOsiX 

1. Pleural symphysU 

2 Tuberculous pacumonta and acute exudative lesioat 

S. Tuberculous bronciutu irilh signs of bronchial obstructica. 

4. Extensive pulmoosry destruction 

5 Tension or balloon carities 

6 Tuberculomas or tuberculoma-like cavities 

?. Acute pleurhy with effusion. 

B. Vyspnen due to empbyseou or cardisc disorders. 

cent of tuberculous patients. The hoped-for result with pneumothorax is 
selective collapse of the diseased area and partial functioning of the un- 
diseased portion of the fung. This colfapse is then maintained oi'er a 
period of j'ears during much of which time the patient is carrying on his 
normal pursuits soon as it is considered that the lesion is firmly 
healed the lung is slowly re-expanded- One must not forget that although 
pneumothora.T seems to be a minor procedure it is not without danger. 
Salkin and Cadden,* in a carefully studied series of pneumothoras pa- 
tients, reported that the mortah'ty of pneumothorax therapy was 3 per 
cent. This was the mortality of the procedure itself and did not count 
the mortality of its major complication, empyema. The argument, 
therefore, in favor of pneumothorax must be based not on the matter of 
safety but upon the basis of presCTvalton of pulmonary function and the 
avoidance of deformity of the chest. The contramdicalions for pneumo- 
thorax are listed in Table 9. 

The evaluation as to whether a pneumothorax is going to be effecuye 
or not should be made as soon as possible after the initial puncture o 
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save time and avoid complications. Unless a pneumothorax can be 
rendered free of all adhesions, the pneumothorax is not likely to be suc- 
cessful and should be re-expanded. The physician should not be misled 
by mere improvement following a measure of collapse by pneumothorax. 
Unless the cavities are actually closed and the sputum is converted noth- 
ing of actual value has been accomplished. Pneumothorax has little or 
no place in the role of preparing a lung for a subsequent procedure. 
Table 3 lists the indications for re-expanding unsuccessful pneumo- 
thoraces. 

Pneuraonolysis which is a corollary operation to pneumothorax is a 
safe procedure as long as the operating surgeon exercises good judgment. 

TABLE 3 

Indications roa ‘H e-expak^iok op Unsoccessful P.veumothohaces 

1 . Pleural adhesions lliat cannot be s.ifely cut. 

2. Persistent pleural effusion. 

3. Cavities — enlarging or persistent. 

4. Atelectasis of uoderbang pulmonary tissue 

5. Di'spnea. 

6. Becurring spontaneous collapses. 

7. Thoracoscopic discovery of subpleural tubercles. 

TABLE 4 

C0MPUC.AT10NS OF PffBimoTHonAX 

1. Empyema. 

3. Air embolism. 

3. Spontaneous pneutnolborox 

4. Unexpandable lung 

6. Obliterative pleuritis 

The ideal lime to cut adhesions is as soon as there is a sufficient pneu- 
mothorax space in which to work. The mortality of this procedure is less 
than 1 per cent. The risking of pleural complicalions v^ill depend a great 
deal upon what other measures arc available to the patient. The surgeon 
has no right to take a great risk of obtaining an empyema in a patient 
on wliom a thoracoplasty can be done 

DIAPHRAGMATIC PARALYSIS 

The value of diaphragmatic paralysis in the treatment of tuberculosis 
has been under discussion for many years. In some clinics a high per- 
centage of patients receive this tj-pc of therapy while in others it is 
scarcely used at all. Tliis extreme variation in the opinion of various men 
in respect to this procedure shows that at best llie results are unpredic- 
table. It seems fair to stale that rocre relaxation of the diaphragm could 
not be expcctc<l to yield a great influence upon lesions within the lung. 
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On the other hand the addition of this therapy may be enough to alloff 
a iesion to heal which wouJd not heal trithout this aid. Diaphragmatic 
paralysis as a preparatory measure is usually not advisable because of 
the danger of losing valuable respiratory reserve. Diaphragmatic paraly- 
sis should seldom be made permanent since permanent loss of diaphrag- 
matic function with no assurance of success is a gamble that is not worth 
taking. With proper understanding of the anatomy of the phrenic nerve 
and its accessory nerves it can be temporarily inlcmipted in such a way 
that function should return in all but a small percentage of patients 
within SIX to eight months. U it is advisable to continue the diaphrag- 
matic paralysis beyond that lime the operation can be repeated. The 
usual indications for diaphragmatic paralysis are found in Table 5. 

PNEUMOPERITONEUM 

Pricumopcritaueum is used enthusiastically m a few clinics, with 
scepticism in some, and in others not at all. In conjunction nifh di- 

TABtE 5 

iNSlCiriOKS rOR DurORAOM^nc P,tRtLT6lS 

1 Minimal lesions— to augaent bed rest 

S ~ ' ■ • <» . n«»„r»otljow*haj/aiJed 

a • • » 

i 

i N 

e FcUoKtag nsictioa. 

aphragmatic paralysis it seems to have a place in the treatment of 
bilateral disease when no other procedures arc immediately feasible. 
The rr-laxation it affords by elevating the diaphragm may favorably in- 

if the patient finds it seriously interferes with eating, oeuoua 
tions with this therapy are rare and it can be easily discontinued. 

THOBACOPWSTy 

Thoracoplasty has proved to be one of the most successful proi^urts 
in the surgical treatment of patients hatdng pulmonary tuberculosis. The 
technic of this o})eratioa has been greatly refined so that the accept^ 
mortality is now less than 3 per cent and the good results . 

expected are in the neighborhood of 80 to 00 per cent (Table 8). 
loircring of the mortality ooii ioirease in good results otaaioed ta o™ 
accomplished in face of the fact that patients presenting mua poorer 
risks are now teing accepted for this procedure. Hie perfonmng o( tl> 
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TABLE 6 

Results of Tooihcopi»4STT im 169 Patients, 1946-1917 
(Shaw and Paulson) 

Total No. Satisfactory Unsatisfactory Mortality 
1C9 137(81%) 24 (14 3%) 8(4.7%) 



Fig 182.— Sit rib thoracoplasty inlh scapuicclomy giving selective collapse with 
maxuDUin preservation of pulmonary function 



Fig lfc>3. Destroyed lung collapsed with a mne rib thoracoplasty. Sputum con\-ersioii 
was obtained three months following the third stage 
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On the other hand the addition of this therapy may be enough to allow 
a lesion to heal which would not heal without this aid. Diaphragmatic 
paralysis as a preparatory measure is usually not advisable because of 
the danger of losing valuable respiratory reserve. Diaphragmatic paraly- 
sis should seldom be made permanent since permanent loss of diaphrag- 
matic function with no assurance of success is a gamble that is not worth 
taking. With proper understanding of the anatomy of the phrenic nerve 
and its accessory nerves it can be temporarily interrupted in such a way 
that function should return in all but a small percentage of patients 
within six to eight months. If it is advisable to continue the diaphrag- 
matic paralysis beyond that lime the operation can be repeated. The 
usual indications for diaphragmatic paralysis are found in Table 5. 

PNEUMOPERITONEUM 

Pneumoperitoneum is used enthusiastically in a few clinics, with 
scepticism in some, and in others not at all. In conjunction with di- 

TABLE $ 

iNDiCATCOira rOB Dia>br\ouat:c Paaalt&is 

1 Minimal Imions — to augment bed rest 

9 Cavities less than 3 cm ia diameter when pneumothorax has failed 

S Supplementary to a re-expanding pneumothorax. 

4 Basal lesions beneath an upper thoracoplasty. 

5 Noncavernous flare-up around old fibrotic lesions 

6 Following resection 

aphragmatic paralysis it seems to have a place in the treatment of 
bilateral disease when no other procedures are immediately feasible. 
The relaxation it affords by elevating the diaphragm may favorably in- 
fluence the course of the disease so that more deSnitive procedures can be 
used later. Its use should be discontinued if significant ascites occurs or 
if the patient finds it seriously interferes with eating. Serious complica- 
tions with this therapy are rare and it can be easily discontinued. 

THORACOPLASTY 

Thoracoplasty has proved to be one of the most successful precedes 
in the surgical treatment of patients having pulmonary tuberculosis, e 
technic of this operation has been greatly refined so that the accept 
mortality is now less than 3 per cent and the good results that can e 
expected are in the neighborhood of 80 to 90 per cent * 

lowering of the mortality and increase in good results obtained as een 
accomplished in face of the fact that patients presenting much poorer 
risks are now being accepted for this procedure. The performing o 
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Thoracoplasty is indicated in patients having cavernous disease in one 
lung in which the other lung is free of disease or at least quiescent. 
Tuberculous tracheobronchitis may mitigate against a good result in 
thoracoplasty but does not necessarily contraindicate it. Thoracoplasty 
is cither contraindicated or cannot be cxpwsted to succeed in situations 
recorded in Table 8. By far the most common contraindication to thora- 
coplasty is lack of respiratory reserve. Obviously one cannot collapse a 
lung which is bearing some of the share of respiration in a patient who is 
already dyspneic. Before a patient is accepted for thoracoplasty he must 
be carefully evaluated from the standpoint of respiratory reserve to make 
sure that he can tolerate the full program contemplated. It is an injustice 
to the patient to start a procedure if it stands very little chance of 
being successfully completed. 

EXTRAPLEURAL OPERATIONS 

The necessity of staging thoracoplasties and the resulting deformity 
caused by thoracoplasty has led to a continuing search for an operation 
which will yield as good results without these disadvantages. Various 
operations creating collapse by separating the parietal pleura from the 
endothorncic fascia have been deWsed. The maintenance of this space 
has been accomplished by the use of a variety of space-filling material; 
i.e., air, oil, paraffin, fat, muscle ami plastic balls. Begnrdless of thetJTJe 
of material that Is used to fill the created e.xlrnpleural space, all of tliese 
operations .suffer certain disadvantages as compared to thoracoplasty. 
They are not safe over large cavities where the lateral wall of the cavity 
may be receiving some of its blood supply from the intercostal vessels. 
In these patients rupture of the cavity into the e.xtrapleural space is not 
uncommon and yields a severe complication. The creation of a space 
witliin the body invites complications and is undesirable regardless of 
the material used to fill the space. Frequently a thick-walled cavity may 
be displaced downward by the c.vlraplcural operation without closing it, 
wliich leaves an almost impossible therapeutic problem. 

Enthusiasm for the e.xtrapleural operations has waxed and wanetl. In 
the hands of most surgeons these operations are used in a limited number 
of indications where maximum prcser\*ation of xital capneitv is nccessarv 
in order to use another procedure to control lesions in the opposite lung 
(Fig. 184). Limited extrapleural separation with the use of oleothorax 
or paraffin is very successful in small honeycombed lesions at the extreme 
apex of a lung. As a procedure by itself it should not supplant thoraco- 
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rig 181 — K^rapleural pncumolhora^ converted to olcolhorruc, on the tight, combwed with a aeven rtli thoracoplasty oti the 
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plasty but it may be exceptionally useful to aid in arresting disease in a 
small group of patients with bilateral lesions. 

PULMONARY RESECTION 

Improvement in the technic of pulmonary resection has naturally en- 
couraged surgeons to apply this procedure to the problem of pulmonary 


TABLE 9 

Results or Pcliios.uit Reszctios for Tcderculosm ix Twenii-two Patients 
(Shaw and Panison) 


Indication 

Total 

No. 

Satis- 

factory 

Unsatis- 

factory 

Question- 

able 

Died 

t 

Stricture 

4 

, 


3 

! 0 

Bronchiectasis 

4 

3 


1 

0 

Bronchial granuloma 

Inadvertent 

1 

3 

j 

1 


0 

1 

Tension cavities 

3 

1 


1 

1 1 (late) 

Total 

15 

6 

1 

6 ! 

’ 

Tubeecuioma 

7 

7 1 

0 ■ 

0 

1 “ 


TABLE 10 

RESECnOX IX PULSIOXABT TCBEBCCLOSIS 
Aevepied Indication$ 

1. Bronchial stenosis blocking drainage of lung. 

Z. Broncblectasis. 

S. Cavilles in lower lobe wilii other lobes relatiTely dear. 

4. Thoracoplasty faSiirea. 

5. Tuberculomas and tuberculoma-like cavities. 

6. Severe hemoptyses uncontrolled by other measures. 

7. Eplthelialized cadtiea. 

Qtutiioned /ndicofions 

1. Destroyed lobes or lungs. 

2. Tension cavities. 

8. Empyema over a destroyed lung (resection combined with pleurectomy). 

tuberculosis. It is highly tempting to resect the major focus, thus quickly 
concerting the sputum and rapidly impro\’ing the situation of the patient 
in one operative procedure. The immediate mortality in resection for 
pulmonarj’ tuberculosis is now less than 10 per cent (Table 9). Un- 
fortunately the late results of lobectomy and pneumonectomy for pul- 
monarj’ tuberculosis have been disappointing. Altliough the patient maj’ 
be grcatlj’ improved immediately following the procedure there b a 
lendencj’ for other lesions within the lungs to break down later. 
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advisable but may be indicated to (1) remove fibrin clots that cannot be 
aspirated (2) obliterate small persistent pockets. 

Decortication of the lung carried out with meticulous technic and 
aided by streptomycin therapy can now be safely applied to the problem 
of tuberculous empyema. The choice between thoracoplasty and decorli> 
cation depends chiefly upon the eslimaled condition of the underlying 
lung. If cavities persist or the lung had been largely destroyed by Die 
disease, thoracoplasty is preferable. A lung imprisoned by an empyema 
which complicated a pneumolbomx carried oulfor minimal or moderately 
advanced disease may be re>oxpanded by decortication (Fig. 186). A 
combination of the two procedures can be effectively usetl employing a 


Fig ISO — Pe-espansjon by decwtiralJon of a lung rollapned by a tubewilous em- 
pyma The empyema complicated a IherapewUc pneumothorax in^tilutnl eight and 
one-half years before 

thoracoplasty to close residual cavities in the upper lobe and later doing 
a decortication of the lower lobe to obliterate the remaining empyema 
space. With decortication in addition to obliterating the infected pleural 
cavity it is hoped there will be some return of puhnoaary /unction 
Recent studies by Wright* show that return of function maj' be disap- 
pointing in that although the lung is aerated and there is some increase 
in the breathing capacity tliere may be an increase in desaturation of the 
arterial blood with ox.vgen since a pulmonary arteriovenous shunt is ob- 
tained by opening vascular channels m a fibrotic lung. This should no 
mitigate against the use of decortication, however, since the gain to t e 
patient of being rid of the infected pleural space is of greatest importance. 
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Some surgeons are emplojnng pleurectomy combined with total pneu- 
monectomy to eradicate an empyema over a destroyed lung. 

An unroofing procedure of a modified Schede type will be necessary to 
obliterate many empyemas that cannot be successfully obliterated by 
extrapleural thoracoplasty or decortication. Preservation of the inter- 
costal muscles and periosteum after removal of the overlying ribs and 
parietal pleural scar as advocated by Grow affords foci of granulating 
tissue which will aid to obliterate the space and to stiffen the chest wall. 
Approximation of the muscles of the chest and the subcutaneous tissue 
loosely about several soft rubber drains will make packing of the wound 
unnecessary, save the patient much discomfort, and hasten eventual 
healing of the wound. 

BRONCHOSCOPY 

Bronchoscopy has become indispensable in the surgical management 
of pulmonary tuberculosis. Bronchoscopy should be done if significant 
tuberculous bronchitis is suggeste<l by s^miptoms or x-ray appearance 
of the lungs. It should be done routinely before instituting pneumothorax 
therapy, since this therapy is contraindicated in the face of significant 
broncliial disease. During streptomycin therapy for bronchial disease 
check-up bronchoscopies sliould be done by the same observer at two 
week intervals. Application of 30 per cent silver nitrate to ulcerating or 
granulomatous lesions can be carried out if indicated. In the presence of 
bronchial disease or copious sputum bronchoscopy should be carried out 
following each thoracoplasty stage while the patient is still anesthetized. 
A.spiration of secretions, dilatation of stenotic bronchi, and catheteriza- 
tion of bronchi draining blockcxi cavities should be done at this time. 
This will greatly enhance the obtaining of canty closure, smoothe the 
po'Sloperative course, and lend to prevent aspirational spreads. .Severe 
tuberculous laryngitis is the only contraindication to bronchoscopy in the 
management of these patients. The presence of a stenotic larynx in a 
patient needing thoracoplasty or resection is an indication for pre- 
liminary tracheotomy so that a ready avenue is available for aspiration 
of secretions and carrying out intrabroncbial therapy. 

STREPTOMYCIN 

Streptomycin h.a.s not altered the indications for the various procedures 
u«cd in the surgical management of tuberculosis. It has, however, made 
possible the use of these procedures in many patients who would not have 
been suitable for them prior to its use- It has its greatest usefulness in 
acute exudative and bronchial disease. It has also made resection and 
<locorlieiUion of tuberculous lungs much safer by preventing spreads and 
pleural infections. Streptomycin therapy should be carefully integrals 
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M-ith the surgical program so that Uie procedure used will be carried out 
at the optimum time. The value of the chemotherapy may be lost if the 
tubercle bacillus becomes streplonjycin-rcsislant before necessary surgi- 
cal proccflurcs can be instituted. Streptomycin therapy employing 0 5 
gm. twice daily should be used for two w’ceks prior to and at least two 
months after a re.scclion or decortication for pulmonary tuberculosis. 
In many patients having unstable disease, streptomycin therapy should 
be used before and during thoracoplasty 

POSTOPERATIVE CARE 

Maintenance of an open bronchial mm'ay is the most important con- 
sideration of the postoperative care. If the patient cannot effectively 
cough out the branchial secretions they should be suctioned out by use 
of an intrabronehial catheter or through a bronchoscope. Collections of 
fluid in the subscapular space that are threatening to drain through the 
incision following thoracoplasty should be aspirated through a needle. 
Thoracoplasty incisions should not be opcnwl except to evacuate frankly 
purulent fluids Following major thoracic operations early ambulation is 
desirable The patient should be out of bed the day following surgery. 
The diet can be resumed ns soon as the patient can tolerate it. Narcotics 
should be used judiciously. By the third or fourth postoperative day the 
average patient can be kept comfortable with i groin of codeine and 
5 grams of aspirin. The arm on the operated side must be put through a 
full range of motion the day after surgical intervention and this must be 
Yepeated frequently during convalescence. The patient should be re- 
minded of faults in posture and instructeii ns to how to correct them 

PLANNING THE SURGICAL ATTACK 

In pklnning the surgical attack in any specific patient the first questions 
that must be answered are (1) Is the program feasible? (2) \M;at end 
result can be expected? The selection of patients suitable for surgerj’ 
should be made with the implications of the full surgical program re- 
quired in mind Blundering into a complicateil surgical prograni out of 
sjmpathy for the plight of the patient usually leads to regret. Patients 
rejected because of disease too far advanced or acute, or because of im- 
portant cxtrapulmonary disease are not nccessanij' doomed Frohnged 
bed rest, streptomycin, and correction of other disorders may make 
surgical attack feasible at another lime 

It is sometimes difficult witli bilateral disease to decide which side to 
attack first. It is good wisdom to collapse first the side with the major 
involvement since in many cases control of the major lesion will faior- 
aWy influence the healing of contralateral lesions A decade ago it was 
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considered heresy to start a thoracoplasty over one lung in the face of 
open cavities in the other. Alexander^ feels that thoracoplasty should be 
undertaken in the face of contralateral cavitation as long as the disease 
is relatively stable and procedures are avaiLible for the remaining disease 
sliould they be required. 

Experience now allows one to estimate fairly accurately what pro- 
cedures are likely to succeed in a given patient. The concept of trying 
lesser procedures to see if they will work before carrying out major col- 
lapse has been discarded. This has not only saved valuable time for the 
patient but has increased the percent.age of arrested cases in the over-all 
group. It is justifiable, liowcver, to use phrenic surgery, contralateral 
pneumothorax, and pneumoperitoneum as adjuncts to rest and chemo- 
therapy to prepare patients for more definitive major surgical procedures. 
Many patients are now having so-calle<l “primary thoracoplasties” and 
pulmonary resections when it is obvious that these procedures are the 
only ones that will adequately bring about arrest of the disease. 

EVALUATION OF RESULTS 

Evaluation of results is determined by the number of living patients 
and by conversion of sputum. Such important factors as respiratory 
function, general well-being, and rehabilitation are important but do not 
lend themselves well to statistical analysis. Experience has shown that a 
persistently positive sputum is a great hazard to an individual. The use 
of refined technics such as culture of gastric secretions has loweretl the 
percentage of absolute sputum conversions usually recorded when nega- 
tive concentrate sputum c.xaminations were used as a criterion of con- 
version. Many men have questioned the danger of positive gastric 
cultures in the face of otlierwisc negative sputum tests. Certainly, an 
individual who has only an occasional positive gastric culture does not 
represent a public health hazard. However, it has been shown that he 
does run six times as much danger of a subsequent flare-up as an 
individual with negative gastric cultures. In a few patients the point is 
reached where only positive gastric cultures remain as e\*idence of active 
disease and a major surgical procedure would be required to effect final 
conversion. The hazard of the surgerj'and the resultant loss of pulmonary 
function in these patients must be weighed against the inherent hazard 
of the remaining disease. Often it is wise to “call quits” and leave “well 
enough” alone. 
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^ ilh the surgicnl program so that the procedure used Trill be carried out 
at the optimum time. The value of the chemotherapy may be lost if the 
tubercle bacillus becomes streptomj^'cin-rcsistant before necess.iry surgi- 
cal procedures can be instituted. Streptomycin therapy employing 0 5 
gm. twice daily should be used for two weeks prior to and at least two 
months after a resection or decortication for pulmonary tuberculosis. 
In many patients having unstable disease, streptomycin therapy should 
he used before and fluring thoracoplasty. 

POSTOrERATlPE CARE 

Maintenance of an open bronchial airu'ay is the most important con- 
sideration of (be postoperative care. If the patient cannot effectively 
cough out the bronchial secretions they should lie suctioned out by use 
of an mtrabroiichi.d catheter or through a bronchoscope. Collections of 
fluid in the siihscapular sjkicc that are threatening to drain through the 
incision following thoracoplasty should be aspirated through a needle 
Thoracoplasty incisions should not be opened except to evacuate frankly 
purulent fluids. Folloning major thoracic operations early ambulation is 
desirable. The patient should 1>e out of bed the day following surgerj'* 
The diet can be resumed as soon as the patient can tolerate it. Narcotics 
should be u«ed judiciously. By the third or fourth postoperative day the 
average patient can be kept comfortable with | grain of codeine and 
5 grams of aspirin. The arm on the operated side must be put through « 
full range of motion the day after sur^ca) intervention and this must be 
''repe.itefl frequently <luring con\'alescence. The patient should be re- 
.^mmded of faults in posture .lod instructed as to how to correct them. 

PLANNING THE SURGICAL ATTACK 

In planning the surgical attack in any specific patient the first questions 
that must be answered are {1) Is the program feasible.’ (2} IMiat end 
result can be expected? The selection of patients suitable for surgery 
should be matie with the iinphcations of the full siirg/cal program re- 
quired in wind Blundering into a complicated surgical program out of 
sympathy for the plight of the patient usuall}* leads to regret. Patients 
rejected because of disease too far adraaced or acute, or because of im- 
portant extrapulmonary disease are not necessarily doomed. Prolonge<l 
bed rest, streptomycin, and correction of other disorders may make 
surgical attack feasible at anolher tune. 

It is sometimes difficult with bilateral disease to decide which side to 
attack first. It is good wisdom to collapse first the side with the major 
involvement since in manj- cases control of the major lesion will favor- 
ably influence the healing of contralateral lesions. A decade ago it was 
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Technical aspects of thoracic surgery cannot be completely divorced 
from the-principles which gave rise to them. The emphasis, however, in 
this review is on technics, or the surgical plan. Some of the more 
important technics are outlined and lliese are briefly described. Though 
we have had experience with most of the procedures outlined below, we 
have been the originators of none of them. 

DECORTICATION TECHNIC 

The essential points of technic are: (1) a careful, meticulous removal 
of the “peel” or capsule from the visceral pleura to prevent or reduce the 
number of alveolar “leaks” ; (2) to remove especially the diaphragmatic 
element of the capsule and perhaps the costal element in order that 
diaphragmatic motion and costal breathing are re-established ; and (3) 
to maintain active suction especially if there are one or more alveolar 
fistulas. The water-seal method of pleural decompression is a passive 
attitude toward the maintenance of rc-expansion and though in wartime 
at forward echelons it is the more practical solution, in a modern surgical 
environment a successful result is best assured by active and immeiliate 
intrapleural suction. Regardless of the number of small aveolar fistulas 
it IS possible to remove air at a rale sufficient to maintain a negative 
intrapleural pressure of 8 to 15 cm. of water. By this method the lung 
is intimately in contact with the chest wall which helps to seal the small 
leaking fistulas. 


DRAINAGE TECHNIC IN LUNG ABSCESS 

Chemotherapy has retluced considerably the need for surgical drainage 
of a lung abscess, but there wdll always be the negligent patient who con- 
sults the physician only after his abscess has reached a subacute or 
chronic stage. When drainage is considcreil preferable to resection the 
lechnical aspect of where and how to drain may be of great importance. 

A pulmonary abscess may be thought of as a furuncle of the lung — a 
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single necrotic focus n-htdi "points.” Aimost aH lung abscesses in the 
process of "pointing" develop pleural adhesions Drainage should occur 
through this area. It is analogous to tlie white bloodless area of a pimple 
or a large furuncle. 

Surrounding the white Woodless area is a red inflammatory zone — 
the ‘‘front.’’ — wJiere the invasive organisms combat the defensive niec/i- 
anisms of the body. In draining a simple furuncle we learned as a basic 


:) 


Pig 187 — Drainage tecimieinobjoegsof iung A, Correct drainage, incorrect drainage; 

X, normal lung, Y, defenaive inflamm.'ttory nog 

principle never to carry the incision beyond tins defensive inflammatory 
zone, but to drain tlirough the necrotic center This principle is equally 
true if a lung abscess is to be drained. To set up artificial adhesions at 
the first stage of an operation and at a second stage proceed to drain the 
necrotic center of the furuncle by crossing first the normal lung and then 
the "defensive ring," is to violate the first principle of surgical drainage 
(Fig. 187). It is in this way that daughter abscesses develop in the de- 
fenseless normal lung along the course of the drainage tract. 

Further, wo Jenow that from a pathological viei^point an inflammatory 
thrombosis of the small pulmonaiy' '’wns occurs in the “defensive nng 
of any furuncle. Were this not true e^’Cry lung abscess should develop a 
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septicemia or metastatic brain abscesses. To create artificial adhesions 
and drain a pulmonary abscess through a tongue of normal lung (Fig. 
187) in which there are pulmonary veins under negative pressure is to 
invite a septicemia or metastatic brain abscess. 

Therefore, if at the time of drainage one discovers no fusion of the 
pleurae it is quite probable that the abscess is “pointing” in a near-by 
area. It is advisable from a technical aspect then to open the pleura and 
feel for the adhesions. Once located — and they are always or almost 
always near-bj’ — a catheter may be placed m the pleural cavity and the 
wound closed. Suction upon the catheter wdll re-expand the lung and 
abolish the small pneumothorax present. In the proper location a new 
incision is made and drainage established through the comparatively 
ischemic area.* 


SURGICAL TECHNIC IN TUBERCULOSIS 

Technics in tlie surgical treatment of tuberculosis vary with the basic 
principles of therapy. These principles and typical examples are: (1) 
drainage (Monaldi); (2) relaxation (pneumothorax); (5) compression 
(extrapleural pneumothorax); (4) resection (lobectomy; pncumonec- 
tomy) ; (5) immobilization (phrcnicectomy and intercostal neurectomy) ; 
(C) bronchial occulsion, and (7) circulatory alteration (both still ex- 
perimental). 

Drainage (decompression) is used in two ways : (o) open drainage and 
(5) closed drainage (Monaldi procedure). The technical points of sig- 
nificance in open drainage of a tuberculous abscess are the same as those 
outlined above in the section on lung abscess. 

The Monaldi procedure finds its greatest usefulness in combination 
with a thoracoplasty. At the first stage, through an incision lateral to the 
muscles, anterior segments of ribs 1-2-3 and cartilages of 1-2 
are resected. Since this is to be the drainage site of a later stage it is 
imperative to determine that the pleurae are fused in this area. If they 
are fused the development of an empyema is avoided. To be sure of this 
fusion the pleurae are examined by elevating the first intercostal muscle 
m tile extra pleural plane. The fused area is tlien outlined wdth metal 

If the operation is being conducted under local anesthesia all sutures should be 
p aced in the muscles for rapid closure before the pleural cavity is opened. The patient is 
en instructed to take in a large breath and hold it. The pleura is then quickly opened, 
n n^r introduced and the adhesions located. During exploration with the pleural open- 
ing p ugged by the exploring finger the patient is allowed to breath Only a small amount 
0 air wi I enter the pleural cavity. Prior to withdrawing the finger the patient is again 
as ei to take in a large breath and bold it, A catheter is rapidly introduced and traction 
u^n ( e previously placed sutures closes the wound immediately The small pneumo- 
orax 13 abolished by suction upon the catheter as it is removed. 
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single necrotic focus which '‘points.” Almost all lung abscesses in the 
process of “pointing” develop pleural adhesions Drainage should occur 
through this area. It is analogous to the white bloodless are;i of a pimple 
or a large furuncle. 

Surrounding the white bloodless area is a red inflammatory zone— 
the “front” — where the invasive organisms combat the defensive mech- 
anisms of the body. In draining a simple furuncle we leamerl as a basic 
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Fig 187 — Drainage technic in abscess of lung >4, Correct drainage, B, incorrect drainage, 
A’, normal lung; Y, defensive inHaminatory ring 

principle never to carry the indsion beyond this defensive inflammatoiy 
zone, but to drain through the necrotic center. This principle is e<iually 
true if a lung abscess is to be drained. To set up artificial adhesions at 
the first stage of an operation and at a second stage proceed to drain the 
necrotic center of the furuncle by crossing first the normal lung and Uien 
the “defensive ring,” is to delate the first principle of surgical drainage 
(Fig. 187). It is in this way that daughter absces«cs develop in the de- 
fenseless normal lung along the course of the drainage tract. 

Further, we know that from a pathological viewpoint an inflammatorj^ 
thrombosis of the small pulmonary vdns occurs in the “defensive ring 
ot any furuncle. Were this not true every lung abscess should des'dop a 
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as the desired collapse pattern is established. The tlioracoplasty is done 
one month to six weeks later. 

The axillary or posterior approadies are better than the anterior in 
extrapleural pneumothorax since the greatest difficulties are encountere<I 
in the vertebral gutter. Two points of technic may be emphasized. First, 
a meticulous airtight closure should be obtaine<l, and second, the dissec- 
tion must proceed up over tlie apex of tlie lung and downward along the 
mediastinum well toward the hilum of the lung. The resulting collapse 
is horizontal and is less likely to re-expand. Extrapleural pneumothorax 
is rarely used as a reversible procedure. A small anterior catheter may 
be left in place for forty-eight hours, to facilitate the regulation of pres- 
sure. Through the catheter the clots and serosanguinous material may 
be replacc<I witli saline and 400,000 units of penicillin on the first post- 
oj)erative day and air used to replace the saline on the second postopera- 
tive day. 

Resection, one of the oldest principles of surgical therapy, can hope 
to remove only the major focus. Residual foci are always left behind, but 
it is hoped that these are healc<l and will remain so. 

The technical feat o( greatest importance in resection of a segment, a 
lobe or a lung is the skill with which the surgeon reaches and occludes 
the bronchus draining the offending focus. Each surgeon must develop 
his own style in this respect, but a few basic principles may be mentioned. 
The surgeon should avoid manipulating, compressing or pushing against 
the diseased urea any more than is absolutely necessary before isolating 
and occluding Uic significant bronchus. Division of adhesions and mo- 
bilization of the lobe or lung must be rwhjced to tbe minimum until the 
bronchus is occluded. The bronchial component of the liilum is best 
reachctl by a posterolateral incision with resection of tlic fifth rib for 
upper lobectomies and pneumonectomies and the sixth rib for lower 
lobectomies. The teclmic for rapid occlusion of the left upper lobe bron- 
chus and the right lower lobe bronchus is described because these are 
reached with greatest difficulty. 

To resect the left upper lobe the pleural space is entered, the rib 
spreader introduce<l and only adhesions in the vertebral gutter are di- 
vided witli mobilization of the lung also limited to this area. The pleura 
over the pulmonarj’ artery is divided near the apex of tI\o lower lobe 
and two arteries ligated and cliWded. These vessels are those to the 
lingula and posterolateral segments of the lobe. The bronchus lies medial 
and slightly in front of these two vessels, but often is concealed by a 
large lymph gland which acts as a landmark and denotes the jjoint of 
broncliiid bifurcation. The gland may be reinove<l if necessarj' and the 
lironchus isolatw! and occludtxl. The lobe is then mobilized, and the 
hilar dissection completed. 
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The right lower lobe bronchus is and quickly located, but the 
position of the middle lobe bronchus cannot be determined from the 
posterior approach, yet its position must be known before the loner 
lobe bronchus is occhided. To do this the dorsal bronchus to the lower 
lobe is identified, isolated, ot«luded and divnded between small right 
angle clamps By applying traction on the distal bronchial clamp the 
artery and vein to this segment are easily identified, isolated, ligated and 
divided. The middle lobe bronchus ts easily seen on the opposite anterior 
Trail of the parent bronchus. The lower lobe bronchus is then safely 
occluded below* it Mobilization of tlie low'er lobe and the hilar dissection 
is completed in the standard way 
The technic of bronchial closure is not elaborate Two traction sutures 
are placed proximal to the small nght angle clamp usetl to occlude the 
bronchus The bronchus is divided with a knife just proximal to the 
clamp and a small curx’ed suction tip introduced into the bronchial lu- 
men and all secretions in the tracheobronchial tree aspirated. Four to 
six vertical interrupted cotton or silk sutures nre used to close the bron- 
chial etump In tins way the Boor oI the bronchus molds itself to fit the 
horseshoe-shapcd cartila^nous element. The final step and probably an 
important one is pleimzation of the aturap. 

ImmobUization of Uie lung by inlercostiil neurectomy, phrenicectomy 
and scalenototny is a tccliuical procedure no longer m use. The pnnciple 
of rest 18 sound, but the same result now js accomplished in other ways 
(thoracoplasty) without the undesirable side reactions (abdominal 
hernia, hypestbesin, numbness and tlic like) 

Artificial Occlusion of the Bronchus and Ligation of the Vessels are 
two more principles m surgical tlicmpy which are still in Uie expen- 
meatal stage Most of the work has been done upon animals At the 
present time tliey are significant only* as accidental occurrences in con- 
junction with other forms of therapy such as the Uioracopiasly (9 r ). 

THORACOPLASTY TECHiVlCS 

The modern selective thoracoplasty is our most successful sur^ncal 
procedure, because it incorporates many of the basic principles outlined 
above. Beioxaiicn is obtained if the thoracoplasty is performed before 
the elastic recoil of the lung has been neutralizeil by repkneement fibrosis 
Compression is secured, first, by the collection of subscapular fluid and 
air and later by the weight of the upper extremity as the scapula falls in. 
Immohilily in the diseased area is achieved as soon as rib regeneration 
is complete and finally, bronchial oeelu$ion (foreshortening, kinking, and 
so forth) together with ctreuiator^ alterations, though not well under- 
stood, nevertheless contribute tbw bit to the desired result. 

There are many different thoracopks^ t^-pes, but the objecti ves wbicl‘ 
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each hopes to accomplish are: (1) to obtain maximum collapse; (2) to 
preserve respiratory function; 0) to minimize deformity; and (4) to 
retain a useful upper extremity. 

Uaximuvi collapse is obtained by (1) resorting to surgical collapse 
early while the elastic recoil of the lung is still present; (2) meticulous 
detachment of all muscles inserting into the periosteum of the operative 
area (the anterior serratus, the pectoralis minor, the posterior superior 
serratus, the posterior scalenus and the sacrospinatus group); (3) mo- 
bilization of the lung in the vertebral gutter which is accomplished 
incidentally in removal of the transverse processes or disarticulation of the 
ribs; (4) adequate removal of ribs (number and length); (5) release of 
the apex (Semb apicolysis) in cavities high in the vault and widely 
adherent to the mediastinum; (6) scapulectom3' in “short” thoraco- 
plasties (five to six ribs) to prevent re-expansion as the subscapuhir fluid 
is absorbed ; (7) closure of the wound without drainage so that the sub- 
scapular fluid and air may compress the lung. 

Respiratory function is preserved bj' (1) resorting to surgical collapse 
sufficientlj* earlj' to prevent tlie development of overdistention emphy- 
sema in healtlij’ lobes or segments as tliey compensate for tlie contraction 
of healing foci; (2) adequate but not excessive rib removal (partial 
scapulectom}’ rather than two or three unnecessary' ribs) ; (3) meticulous 
surgery’ to prevent tearing the pleura whicli might result in a severe 
pleurisj’ and fixation of the diaphragm; (4) decortication procedures in 
combination mth a thoracoplasty (see tuberculous empyema) ; and 
(5) avoidance of spreads by preser\'alion of an effective cough mechanism. 

Z?r/omitfics are minimized by (1) resorting to surgical collapse at a 
time when onl^’ a “short” thoracoplasU' (five to six ribs) is necessary* 
to control the disease; (2) resection of scapula when catching on the 
last unresected rib; (3) prescr\'ing the attachments of the middle and 
anterior scaleni muscles to the periosteum of the 1st rib (cerr’ical scolio- 
sis); (4) preservation of the long thoracic nerve (winge<l scapula); and 
(5) good postoperative care (ph3'siolherap3’ and so forth). 

Useful upper extremities arc best relainc<l bj’ (1) muscle-splitting 
oj)crations; (2) good postoperative care (early exercise and the like); 

(3) visualization of the bracliial plexus during removal of the 1st rib; 

(4) perfect anatomical closure of the wound; and (5) meticulous atten- 
tion to the ]>osilion of the long thoraric nerve. 

THORACOPLASTY TYPES 

The VKHlern selecltre thoracoplasty (from al>ovc downwar<l), witli or without n 
Poitih opicoly.sis and with or without rcmo\*al of Uie transverse* processes, is the 
most popular thoracoplasty It has two weaknesses; (1) tlie cough mecha- 
nism is hadly criiipled by the pantdoTical chest anteriorly; and (*2) the cavity 
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may “drop” in the thorax after the first stage, necessitating tlie resection of 
more ribs than fvas originally estimated. 

The modern «r/ectire thoracopfaet^ (from below upward) has been revi>ed by 
Dr ^Valter Fisher It is the same rotation, but done from below upward in 
order to establish the sire of the coltapse before the cavity has had a chance to 
“drop” m the thorax 

The preparatory tkoracoplastt/ (Saucrbruch, modified) consists of the remo\al 
of short segments of the first five or six ribs in the vertcliral gutter as a prepara- 
tory procedure for more definitive forms of Ihcrapj- It mil markedly reduce the 
amount of sputum so that a lobectomj- or pneumonectomy may be done inlh 
greater safety later In some cases it may be preferable to follow it with a modem 
selectn'c thoracoplasty or a revision procedure It is not shocking, does not 
cnpple the patient’s ability to cough, but the collapse is poor 

The PAP. thorofoplasli/ (poslmor stage, anterior stage, posterior stage) is 
again being revived The first stage is a modified Sauerhruch. AH of the 1st rib 
and sJiort segments of nl>s 2-5-1 arc removed through a short posterior incision 
The second stage (ten days later) is done through a Haight anterolateral in- 
cision Anterior segment* of ribs 2-5-1 are re-seclcd and the tn o operative areas 
eombuied mto one At the third stage (ten days later) the short posterior wound 
is opened and posterior segmerts of ribs 5-0-7 are resected All three stages 
are thus completed in twenty tia>s Since the majority of the disease is located 
in the posterior half of the chext the major focus and source of the sputum are 
attacked immediately at the first stage The solid anterior chest supports the 
cough mechanism and sputum ts markedly reduced tiefore anterior nb segments 
are removed at the second stage Tlie amount of surgery at each stage is more 
evenly distributed and the speed of completion aecoimts for the excellent col- 
lapse pattern The short posterior incision preserves muscle function and in- 
sures good use of the upper exircniily 

The A P P tkoracopleuty (anterior stage, posterior stage, posterior stage), 
a% used by Dr Harold Kipp, consists of an anterior stage at which long seg- 
ments of rilw J-9-3 and their rcspeclue cartilages arc removed At the second 
stage, two weeks later, the short posterior segments of ribs 1-2-3 arc removed, 
plus longer posterior segments oinlis 4 and 5 At the third stage two weeks later, 
posterior segments of nbs 5-7—8 are removed In seven-rib thoracoplasties a 
longer period of recovery is allowed between the first and second stage in order 
that posterior segments o! all seven nbs may be rcmoied at the secc®d tmd 
last stage This operation is desired for large apical cavities which have in- 
vaded the anterior half of the chest The sputum is quickly reduced after the 
first stage so that a large second stage may be performed If the cavity is not 
significantly reduced by the first and second stages the Monaldt procedure as 
mitlined above may complement tfic operation lu main theoretical disad- 
v-antage is the inability of the patient to cough well after the first stage, hut wit 
proper nursing attendance and pressure dressings this hazard ts 
The distribution of surgery at each stage is such that shock is rarely experienced 

Thoracoplojfhj orer a pnmmi^h&raz is rrflen preferable to attempts at ^ 
expansion. To acquire the desired pattern of collapse, air is remoivd from t e 
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pleural space as fast as the ribs are resected. It should also be remembered that 
theoretically rib resection without removal of air might allow for the develop- 
ment of a positive intrapleural pressure suffidently high to interfere vith the 
returning blood flow. It is advisable, therefore, to take intrapleural readings and 
withdraw air frequently during the thoracoplasty. 

Thoracoplasty uith extrafascial refills of air (Aycock operation). A modern 
selective thoracoplasty is done with the resection of long segments of ribs In 
some cases the collection of subscopular fluid and air is not great and only a 
fair collapse is obtained If this is true, refills of air may be given into the sub- 
scapular pocket, through the axilla, in accordance with the usual pneumothorax 
teclmic. In this way subclavicular depression is abolished. The weight of a 5 
pound shot bag placed upon the bulging pectoral muscles is then transmitted 
to the air and from the air to the lung. By this technic a bettor collapse may be 
maintained between stages. 

Thoracoplasty with delayed rib resection and with extrafascial refills of air 
{modified Hailey procedure) . At the first stage the periosteum is stripped from the 
first two to five ribs, but the ribs are not resected.* Refills of air arc given into 
llic subscapular pocket to maintain maximum collapse. At the second stage the 
thoracoplasty is completed but the ribs arc still not resected Refills of air arc 
continued imtil the collapse pattern is fixed by beginning rib regeneration. At 
the third stage the bare ril)S are resected. ‘I’his procedure is best used in n IC 
or 17 year old girl, because scoliosis is almost absent as long as the rib.s are in 
place and ^hen they are finally removed the spine is already fixed by the ne^ 
regenerating get of ribs. 

TECHNIC IN TREATMENT OF TUBERCULOUS EMPYEMA 
'Hie empyema of tuberculosis was formerly nmimged by the grotesque 
Schede procedure. Now it is handled by (1) decortication alone; (2) 
llioracoplastj' alone; (3) <Iecorlicalion and thoracoplasty in combina- 
tion ; (4) thoracoplasty and picurectomy; (5) resection, pleurectomy and 
thoracoplasty ; (6) combined procedures (lobectomy, decortication, 
picurectomy and thoracoplasty). Tlic use of streptomycin is probably 
essential to success. 

Decortication alone is used only when the etiological focus was ex- 
tremely small and has had sufficient lime for firm and secure healing 
during the period of pneumothorax collapse. Decortication and re- 
cxpiuision in these rarccasesmay be done without reactivation of disease. 

Thoracoplasty alone is rcsen’cd for the small tuberculous empyema, 
often apical, in a patient with a thin parietal pleura. Air and fluid are 
rcmovc<l ns the thoracoplasty progresses with obliteration of the pleural 
.space. Rib resection and drainage with a light fitting well-placed catheter 
is oflcn tlone ns a first stage procedure. The operative field of the first 
stage procc<lure i s not cntcrctl at the second stage when the actual 

• We have al«o used an i'nnafe«j aurpeon’a glove placwl l>enen»h the ribs. Plastic bags 
cause less fluid (o form 
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thoracoplasty is done. Active suction insures obliteration of Uie pleural 
space and a good collapse pattern. 

Decortication and tkoraco;^asiy is designed for the patient with a good 
bacteriological result whose upper lobe (usually) is extensively dis- 
eased, but wliohC lower hhc is coutparatively free of disease (lalerafs 
and serial x-rays). lie-expansion of the upper lobe would be dangerous 
and undesirable since no return of function could be hoped for in a de- 
stroyed lobe Re-expansion of the lower lobe, however, not only improves 
the patient'b function, but obliterates the tuberculous dead space as 
well TJirougb a standard posterolateral incision the fifth nb is resected 
and dissection m the extrapleural plane is carried upward behind the 
fourth nb to the thoracic vault. The pleural space is then entered by 
incising tlie thickened panetal capsule along the bed of the resected 
fiftli nb The parietal element extending to the vault and already free 
from the overlying ribs is resected and the lower lobe decorticated. Two 
tubes (an anterior and a posterior one) arc used for intrapleural suction. 
Active suction is estabhslied The thoracoplasty is completed by the 
re-scclion of nbs 4-3-2 at a later stage The periosteum without Uie thick 
parietal capsule molds itself in and around tlie inexpandible upper lobe 
and Uic lower lobe fills the lower half of the thorax on this side. 

Thoracoplaiiy and pleurcctomy is designed for the patient with a small 
fipienl (u.«iiially) empyema with a good bacteriological result, but whose 
parietal pleura (capsule) is so thick that little or no collapse can be 
expected from thoracoplasty alone The parietal element is renioved as 
in the procedure aboi'e and the thoracoplasty nb resection coropletecl 
last The periosteum falls to mold itself over the collapsed upper lobe 
No drainage is necessary, 

Desechon, pleurectomy and tkoracopiasly is reserved for the patient 
with ti positive sputum and a destroyed lung with or witlioiit a broncho- 
pleural fistula. A standard incision is made, the fifth rib resected and 
the empyema ciremnsenbed fay dissection, in the extrapleural plane. 
Once the operator is beyond the bounds of the empyema the pleural 
space proper is entered and the resection performed in the usual manner. 

A thoracoplasty is done in one or two stages three weeks later to obliter- 
ate the pleural ca>'ily. Breaking into the empyema ca\nty by accident 
or by necessjij' does not seem to alter the result 

Tlie combined procedure, lobectomy, decortication, pleurectouiy and 
thoracoplasty, is designed for the patient mth a positive sputum coming 
from a visible focus in a destroyed upper lobe whose lower lobe is free 
of disease (tomography) but incxpandible and whose panetal pleura « 
too thick for a localized upper thoracoplasty to be effective. All proc^ 
(lures may be accomplish^ in one stage, but a two-stage procedure is 
the usual plan. At the first stage the fifth rib is resected, the lower lobe 
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decorticated and an upper lobectomy performed. Active tube suction 
insures re-expansion. At the second stage (three weeks later) the apical 
pocket is entered, the parietal pleura freed in the extrapleural plane, ex- 
cised, and tl\en thoracoplasty complet<^ by resection of ribs 4r-3-2. If 
the apical pocket is small tlie thoracoplasty without tlie pleurectomy 
may be sufficient. 


SEGMENTAL RESECTION TECHNIC 

Segmental resection is the latest refinement in resection technic. It 
requires a profound knowledge of pulmonarj' anatomy and is designed 
to preserve the maximum amount of lung function. 

The technical point to be emphasized is the identification, isolation 
and division of the offending bronchus before ligation of any vessel — es- 
pecially before ligation of a vein. After the bronchus is divided and the 
proximal end closed, traction and gentle dissection on the distal end 
soon discloses the vessels which accompany it. Only the artery is ligated 
and divided, the vein is preserved as long as possible since it receives 
tributaries from the adjacent segments. Only tributaries from the dis- 
eased segment should be ligated. Tlie marginal vein is visible, therefore, 
on the raw area o! the unrcscclcd segments. 

The technic of re-expansion is almost as important as a meticulous 
anatomical dissection of tlic segment. These patients, after segmental 
resection, have n few alveolar “leaks” or fistul.as which are not conspicu- 
ous except when the anesthetist increases the i>ositive pressure suffi- 
ciently to maintain full re-expansion of the lobe. Since full and complete 
re-expansion of the residual segments is essential to the preservation 
of maximum function, active intrapleural suction is imperative — prefer- 
ably with anterior and posterior lubes. A single intrapleural tube dropped 
beneath water as a water seal acts only as a safety valve. It is a passive 
attitude toward re-expansion and requires tliat the pressure in the 
pleural space be positive before air escapes into tl\c bottle. Yet even by 
this method (water seal) the fistulas finally close and as the air and 
fluid are gradually absorbed llic segment expands. During this lag, how- 
ever, irreversible changes may have occurred to tlie parietal, diaphrag- 
matic and visceral pleurae so that, instead of preserving function, the 
respiratory reserve is actually decreased. This is especially true should 
an empyema develop in the dead space before reevpansion has occurrctl. 
It is physiological to maintain a negative intrapleural pressure. This 
can be done by regulating the speed of suction even tliough many small 
alveolar fistulas arc present. The actual intrapleural pressure may be 
determined by connecting the anterior intrapleural lube to a pneumo- 
thorax machine (T-lube). If a negative pressure of a 8 to 15 cm. of water 
is maitiLainwl the segment immediately occupies its proper volume and 
10 
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the raw area soon seals itself agaitist the chest wall, the diaphragm, 
mediastinum or adjacent lobes, depending upon the segment removed. A 
bronchogram at a later date reveals the residual segment occuppng 
an area that justifies the operation. 

Bailey identifies, isolates and damps the offending bronchus. Then to 
better deliniate the segment, 5 to 15 cc. of hydrogen peroxide and methyl- 
ene blue are injected into the bronchial lumen distal to the clamp. 
second clamp closes the opening into the bronchus. After division of the 
bronchus the blue segment is gently teased from the adjacent pink ones. 

TECHKIC IN ESOPHAGEAL RESECTION 

The defect, after esophageal resection, has been bridged in four ways: 
(1) by a plastic cutaneous tube (Torek) ; (2) by an end-to-end anastomo- 
sis; (3) by duodeno-esophageal anastomosis; and (4) gastro-esophageal 
anastomosis. The Torek procedure is now obsolete ; the end-to-end anas- 
tomosis can be used early in very small lesions ; the duodeno-esophageal 
anastomosis requires preparatory operations for mobilization of the 
duodenum; but Garlock and Sweet have convincingly demonstrated the 
value of the gastro-esophageal anastomosis. 

Gastro'esopbageal Anastomosis,— -In the left-sided gastro-esophageal 
operation with the lesion above the aortic arch (Fig. 188), the patient is 
placed in the standard thoracotomy position and draped with the arm, 
shoulder, and lower neck in the sterile Geld. The left 7th rib is resected and 
the 6th and 8th ribs are divided just in front of the transverse processes 
The thoraac esophagus is mobilized and the thoracic duct Lgated if 
necessary. If the growth is adherent to the opposite lung the mediastinal 
pleura is opened widely and the lung cautiously liberated. Visibility may 
be improved by ligation of the aq^gos vein. It is ad\nsab!e to mobilize 
the arch of the aorta by ligation of the intercostal and esophageal arteries, 
since the stomach is to occupy the retro-aortic region later in the opera- 
tion. Garlock in the first case reported of a cervical gastro-esophageal 
anastomosis brought' the stomach anterior to the arch. IVe have fol- 
lowed IViley’s plan of bringing the esophagus behind the arch to gam 
length. 

The diaphragm is opened in a radial fashion from the hiatus outward 
and the stomal is mobilized almost to the pylorus by dividing the '"asa 
brevia,' the left gastric, and the left gastio-epiploic arteries The bto^ 
supply of the stomach consists thereafter of the right gastric and t^ 
right gastro-epiploic arteries. The preservation of the anastomosis be- 
tween the left and right gastro-epiploic vessels along the greater 
ture is a technical point to he stressed. The esophagus is divided at e 
cardia and the latter turned in in two layers. 
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A vertical incision 3 inches long is made parallel to the lower part of 
the left sternocleidomastoid muscle. Dissection is carried down along 
the lateral border of the th 3 Toid to the esophagus. The inferior thjToid 
arterj' and recurrent laongeal nerve are identified. The lower cendcal 
esophagus is mobilized bj' placing the left index finger up through the 
thoracic wound and the right index finger down through the cervical 
wound. The esophagus is diWded between clamps (Fig. 189) and the 
proximal end delivered into the ccr\*ical wound. Traction sutures arc 



Kir 18S. — The esophagus is divided ol the le'-el of the clavicle The pru\imal einl U 
delnered into the neck where traction sutures are placed proximal to the clamp. The 
traumatised end of the esophagus is then resected between the clamp and the traction 
sutures. 

placet! and the traumatized portion of esophagus removed with a sharp 
knife. 

Two hea\'y traction sutures arc placed in the fundus of the stomach, 
threaded upward behind the mobilized aorta, througli the superior aj)er- 
lure of the thorax into the cervical wound. In this wa\* the stomach in 
delivered into the cervical wound where a standard two-lav-cr ga.stni- 
esopliagcal anastomosis is done. Fixation sutures at the superior aper- 
ture, along the vertebral gutter, and at lljc diaphragmatic crux prevent 
gastric recoil and tension on the suture line. The gastro-esopbageal anas.- 
tomosis is dropped into the depths of the cervical wound and the latter 
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closed with drainage for fortj'-^ight hours. Left lung re-expansion is 


aspimiea from llie side imiuediately if there is any doubt about the 
dimensions of the existing hemopneumothorax. 

The right-sided approach is favored by some surgeons especially fur 
lesions at or above the le\'el of the aorta. The abdomen is open«{ first 
and the stomach mobilized as above Tlie patient is turned on his left 



Tig ISD ~Hea>y traction futures are U'cd lo deliver the stonuch from behind the 
aorta into the supracIaMcular region Trartion on these sutures are niatnblned until 
sutures along the TCrtebrsI gutter hive firmlj' 5trd the stomach in its new position 
The anastomosis is then accomplished without tension upon the suture Lne 

side and the right chest opened. The esophagus is mobilized, the right 
criLV of the diaphragm divided if nccessaO'* stomach pnUed 

into the thorax. The anastomosis is standard, and re-exp-insioo *5 
maintained by an intercostal tube dropped below water. The technical 
disadvantage of this plan ts that the resectability of the lesion is not 
known until after the abdominal stage is performed. Its main advantage 
are the accessibility of the esophagus, and the preser\'ation of dlaphrng- 
matic action which js important in the prevention of postoperati'c 
pulmooarj' complications. • i, I «• 

Presen.-atioQ of diaphragmatic action in older patients ? 

respirator)' reser\'e can be accomplished in the left-sided approach J 
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utilization of two surgical teams. The first team opens the chest and 
determines the resectability. The second team then opens the abdomen 
even though the patient is lying on his right side. By gravitj’ the left 
lobe of the liver tends to fall away from the surgical field. The stomacli 
is mobilized as above. The left crux of Uie diaphragm is often not divided 
before the stomach is delivered into the thorax. The technical advantages 
of this plan are that the resectability of the lesion is knowTi first and 
the diaphragmatic action is preserve<I. The technical disadvanUigcs are 
the circumstances under which the abdominal team must work, since 
exposure is not easily obtained. 

TECHNICS IN SURGERY OF THE HEART AND ITS VESSELS 

Tlic past ten years have seen the development of a new field in thoracic 
surgerj’; namelj’, surgery of the heart and great vessels. This work is 
extremely complicated and should be undertaken only in environments 
where radiologist, internist, cardiorespiratory physiologist, anesthetist 
and surgeon can closely coordinate their respective skills in achieving a 
desired result. 

In xcomds of the heart the surgeon sliould (1) use fine interrupted 
suture material; (2) use free or pedicle<l pericardial grafts when neces- 
sary; (3) drain the pericardial cavity into the pleural cavity to prevent 
cardiac tamponade. He should not place sutures through the cndocar- 
rlium (mural thrombus). 

Foreign bodies of the heart have been repeatedly removed by Harken 
v'lio roconimcnds that two rows of sutures be placed, one on either side 
of the proposed line of incision before opening tlie ventricle. Immediately 
after removal the sutures arc tied across Uic incision, closing it with a 
minimal amount of blood loss. 

Cardiac arrest is best treated by; (1) c.ardiac massage, (2) the Wiggers 
“defibrillator”; (3) intravenous procaine; and (4) artificial respiration 
with use of manual compression upon the anesthetic bag. Intracardiac 
adrenalin is of questionable value especially early during the period of 
ventricular fibrillation. 

Ligation of a 'patent ductus arteriosus may be accomplished by complete 
division (Gross) or by simple ligaUon. If a ductus is short, tliin walled or 
of large diameter it may be ligated with umbilical tape or by wrapping 
the vessel with cellophane subsequent to lying each end of the ductus. 

llic tetralogy of Fallot has been handle<l ingeniously by Blalock and 
Taussig. In order to increase the flow of blood through the lungs, Blalock 
has performed an end*to*end anastomosis of the innominate or sub- 
clavian arteries to one of the pulmonary arteries. Potts accomplished a 
similar result by side-to-sidc anastomosis of the aortic arch to the left 
pulnionarj’ arlerj’. Holman recommended an end-to-end anastomosis of 
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the subcla\^an arterj' and the ri^l pulmonary artery. Tlie latter was 
designed to prevent kinking of the subclavian or innominate arteries. 

Transposition of the aoria^ a coogeoital anomaly, has not been cor- 
rected yet in the human being. In experimental animals, Hanlon and 
Blalock have designed an operation to solve this problem by performing 
an anastomosis between the right pulmonarj’ veins and the right auricle 
or superior vena cava. In this way, the right heart would receive oxy- 
genaled blood which is then delivered by the transposed aorta to the 
systemic circulation. This same procedure may prove of practical value 
in certain cases nalh the tetralogy of Fallot in which the transposition 
of the aorta is so great that the “usual” Blalock operation is disap- 
pointing 

Coronary arterial occlusion may be treated by the resection of the 
car<hac infarct Such operations have been performed successfully in 
animals, and attempted in man by Gordon Murray, 

..lorhc quif mitral stenosis have been successfully treated by Culler, 
Bailey, Smithy and others. Technics consists of using various tjTJes of 
STvlvulotomes and incising the \'alve leaflets. A cardiac insufficiency ;s 
substituted for a stenosis. 

The “bloodless heart’’ for open cardiac surgciy is still in the experimental 
stage. Gibbon, Crafoord and BjOrk have each developed on “arlifidal 
heart” which maintains cerebral circulation for rather prolonged periods 
in order that the surgeon may operate upon the heart in a bloodless field 
Bjbrk and Crafoord have a madiine which oxj’gcnales and decarbonates 
the blood and acts as a mechanical heart In their e,\perimental animals 
the venae cavac and azygos veins were ligated, the heart opened and 
later closed, with complete recovery of the animals It is conceivable 
tliat this experimental work will one day be applicable to the Luin.^B 
being. 

Aortic aneurysms have been wrapped with polythene cellophane by 
Poppe and Abbott. The results are encouraging. An intense proliferation 
of fibrous tissue is stimulated and the pain seems to disappear. 

Coarctation of the aorta is being corrected by Crafoord, Gross and 
others. The aorta is resected between clamps and end-to-end anastomosis 
is performed. Gross used an everting suture while Crafoord prefers a 
layer-to-Iayer anastomosis. Claggett, Johnson and Kirby have operatw 
on patients in which the coarcted segments were loo long to penmt ca 
to-end suture of the dinded oorta after resection. In two of these C3s«, 
after a manner described by Blalock, they ligated the proximal di« 
end of the aorta, dissected the left subclaxnaa artery’ 
distal end and anastomosed its prosmal end to the distal aorta, 
procedure might e-vtend the scope of operability to some cases o co- 
arctation previously considered inoperable. 



BRONCHOGEAPmC ANATOMY OF THE LUNGS 
J. Gobdon Scannell, M.D.* 

iNABxrucn as bronchography is primarily a method of mapping pa- 
thological changes in the bronchial tree and not merely demonstrating that 
such changes exist, a clear concept of bronchial anatomy is essential to 
its proper execution. It would serve little purpose here to enter into the 
controversy over matters of terminology, to propose a new nomenclature, 
or modify an old one. To be clinically useful, a system of bronchial 
nomenclature must be as simple and concise as accuracy permits Two 
such systems are currently in wide use; the one that has been so clearly 
presented by Mr. Brock in his monograph on the anatomy of the bron- 
chial tree, and the other which was proposed by Jackson and Huber 
in 1943 and subsequently adopted by Boyden. According to the latter 
system, which will be used in this paper, the segments of the lung are 
designated by their position m the lobe rather than their relation to 
adjacent mediastinal or parietal structures. Except for the matter of 
nomenclature, there appears to be quite general agreement as to the 
disposition and topography of the bronchopulmonary segments. Granted 
that these may be correctly considered the surgical units of the lung, it 
must be remembered that only under ccrlain circumstances are they 
suitable for individual resection. 

Mthough familiarity with the anatomy of the lung is essential to the 
maldng as well as the interpretation of bronebograms, the actual technic 
of introducing the opaque oil may best be left to the individual operator. 
The basic requirement of a satisfactory bronchogram is adequate filling 
of all the segmental bronchi to the part of the lung under consideration. 
Under most circumstances, this will mean the delineation of all the seg- 
ments, and may be carried out one side at a time. It should be emphasized 
that the filling of normal segments is of equal if not greater importance 
than the demonstration of disease, since the decision as to whether or 
not a segment should be preserved may depend upon positive broncho- 
graphic eridenco that it is within normal limits. Under many circum- 
slanws a complete picture of the bronchial tree may not, or cannot, be 
readily obtained, but the degree of incompleteness should be accurately 
appraised. The distinction between adequacy and completeness of filling 
requires the clinical judgment that raises bronchography above a techni- 
cal level. 


Assistant in Surgery, Mossaebusetts General Hospital; Instructor in Surgery, liar- 
'•ard Medical School, Boston. 
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One might close this preamble by remarking that it is generally un- 
desirable to employ bronchography in the diagnosis or evaluation of lung 
tumors. The problem here rarely calls for localization beyond the lobe 
involved or the level of bronchial encroachment. The former can almosi 
alrrays be determined on the basis of plain films in several projections 


i\utu a Vdiiety oi causes, not the least of -which are accumulations o! 



Fig 190— Diagram of postero-antenor projfcUon of a bronchJogram Although ihu 
view nuy be useful to demonstrate tiul disease h present, its usetuness m localualioo u 
limited to the superior segments of both lower lobes, the upper segments of the left upper, 
and perhaps tbe toedial basal segment on tbe ngbt. Tbe difficulties la diHerentiatvng the 
basal segments and the segments of the middle lobe are apparent. 

mucus or other material in the bronchial lumen, and the vutroduclion of 
iipiodol may forever confuse the interpretation of parenchymal shadows. 

In his monograph, Brock has presented excellent diagrams of the 
bronchial tree and its relation to the chest -wall radiographically. These, 
together with his many photographic reproductions of actual hroacho- 
gtams, serve admirably as a bronchographic atlas. For a more detailfd 
analysis of the prevailing pattern and common variations, the reader 
Tcfetted to the papers of Boyden and his associates, particularly if he 
concerned -with the problems of bronchovascular anatomy. 

Since the Inng is very' much a three dimensional organ with the bron* 
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chial tree branching at its center, views in several planes are needed for 
accurate localization. By x-ray, postero-anterior, lateral and oblique 
films are necessary. Of the oblique films, the left anterior oblique, bj’ 
projecting the right lung field away from the spine, is most useful for the 
right bronchial tree, and conversely, Uie right anterior oblique for the 
left side. 



tig 191. — Diagram of right lateral projection of bronchogram — right side only. This 
view 13 the most useful for demonstrating all the segments on the right except the medial 
and lateral basal One side only — preferably the right — should be filled, since if both sides 
contain oil there b usually confusing niperimposition (<•/. fig. 194). 

The three lobes of the right lung contain ten segments — three in the 
upper lobe, two in the middle lobe, and five in tbe lower lobe. The two 
lobes of the loft lung are made up of eight segments in all — four in the 
upper and four in the lower lobe. However, in theory at least, it seems 
reasonable to suppose that there is an equivalent number of segments on 
the left, but Ibat, by virtue of tlie lesser volume of the left pleural space, 
two segments have been combined with neighboring segments to reduce 
the total from ten to eight. 
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On the right side, just below the level of the carina, the upper lohe 
bronchus arises perpendicular to the main steza oa its upper and outer 
a^^t. The right upper lobe bronchus is short and characleristically 
divides into tliree segmental bronchi — apical, anterior and posterior. Two 
points of confusion may arise here, first, there may appear to be two 
apical segmental bronchi, and secondly, an “axillary” segmental branch 
may be demonstrated. In the former instance, JJoydea has shown that the 



Kg 133. — Diagrani of riglil anterior oblique projeclioa. Thu new is necessary for 
proper demonstration of tfie left broocbial tree nbicb is brought into profile away from 
tie shadow of tie spine This is tie classic positton to demonstrate the ingular segmenU- 

anterior of these apical branches may be considered an accessory apital 
branch arising from the anterior segment. This variation occurred lO 
almost one-third of fifty lungs studied by careful dissection. In the 
second instance, namely the appearance of an “axillarj’” segmenla 
branch, the weight of recent anatomic eiddencc favors the riew this 
is the posterior ramus of the posterior segmental bronchus arising co- 
ordinately with the anterior segwenta) bronchus, or rarely a large “tew 
ramus of the anterior segmental bronchus which has arisen OTOjointb 
with the anterior ramus of the same segment. In any event, since su 
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an “axillary” bronchus is found m less than a quarter of specimens, it is 
felt that it should be considered a variation of the prevailing pattern 
and not be accorded recognition as a segmental bronchus, a view hereto- 
fore quite generally held. The bronchial pattern of the right upper lobe 
can be best appreciated in the lateral projection. 



Fig 103. — Diagram of left anterior oblique dm. Tbb Tiew will bring the right bronchial 
tree into relief and may supplement the right lateral projection (Fig 191). 

The bronchi of the right middle lobe, on the other hand, usually require 
all three standard views — i.e. poslero-anlerior, lateral, and oblique — for 
their orientation. The middle lobe typically has two segmental bronchi 
arising from a comparatively long lobar bronchus which, in turn, arises 
from the anterolateral aspect of the stem bronchus* at about the level 
of the superior segmental bronchus of the lower lobe, the so-called 
“dorsal division.” The segments of the middle lobe are generally acknowl- 
edged to be medial and lateral, and these can usually be distinguished 
without particular difficulty. 

Stem broDchus" U used here aad elsewhere la this paper as a generally deiscriplire 
ternj and pqJ m indicate a spedfic portion of the bronchial tree 
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However, the bronchi to the lower lobe pose great difficulties to 
accurate identification, especially the basal segments which arc con- 
sidered to be four in number — ^medial, anterior, lateral and posterior. 
The remaining segment of the lower lobe, namely the superior segment, 
or “dorsal division” according to lime-honored clinical usage, can usually 
be readily identified in ail views. The superior segmental bronchus arises 
from the posterior aspect of the stem bronchus at the level of the middle 



Fig I9t — Itepreductign o/ a right tatwal branchogram Although the filling is light, 
the ten segments on the right are sboHn, «ilh the toedi.tl and anterior basal segments 
arising from a common tlem (</ fig 191) 

lobe orifice and supplies the upper third of the lobe Boyden and Smith 
have made extremely interesting studies of the variations of topography 
of this segment wliich is chnieally so important The superior segmental 
bronchus has three subdivisions — superior, lateral and posterior. 

The brauclung of the stem bronchus in the manner of the familiar elm, 
plus the fact that the branches are so often distorted by the ravages o 
disease and are prone to fill poorly because of retained secretions, ma e 
diffeienliation of the four basal segments difficult. Under favoring 
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circumstances, however, identification of medial, anterior, lateral and 
posterior basal segments can be made. One other bronchus to the basal 
portion of the lower lobe deserves mention, namely, the subsuperior 
bronchus which arises from the stem bronchus below the superior seg- 
ment but lias been considered distinct from the posterior basal. Its size. 



rig. 195. — Ileprocluclion of right anterior oblique bronchogram of a 7 year old boy 
with extensive bronchiectasis involving all the segments of the left lower lobe and the 
superior and inferior lingular segments of the left upper. Although ravaged by dise-ase, the 
architectural plan of the left bronchial tree is preserved. 

distribution and level of origin vary w'ilhin wide limits, but it can usually 
be identified with relative certainty on the lateral film. 

The arresting feature of the left bronchial tree, as opposed to the right, 
IS the comparatively* long course of the left main bronchus as it makes 
its way beneath the arch of the aorta, and incidentally also beneath the 
arch of the left pulmonary artery, before giving rise to the left upper lobe 
bronchus. The latter is wide and short, and in the majority of instances 
bifurcates into a superior and inferior (lingular) division. Of these, the 
former carries two segments — an apical-posterior (a combination of the 
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analogous two segments on the ngjit), and an anterior segment which 
extends athwart the lobe. In about 25 per cent of cases a tripartite 
division of the upper lobe bronchus is found. Boyden and Hartmann 
have demonstrated that the central limb of this trifurcation is the an- 
terior segmental bronchus, and its downward displacement in this man- 
ner is usually accompanied by the appearance of an accessory anterior 
brondms arising from the apical-posterior segment. 

The inferior division of the upper lobe bronchus, which is commonly 
referred to as the lingular division, carries two segments, the superior 
and inferior lingular, which are oriented one above the other in contrast 
to the arrangement in tlie analogous middle lobe on the right. Brock 
has convincingly demonstrated this. The pattern of the left upper lobe, 
particularly the lingular branches, is best demonstrated in the right 
anterior oblique position. The importance of complete delineation of the 
lingula when bronchiectasis is present in the left lower lobe was estab- 
lished by Churchill and Bcfscy ten years ago 

The branching of the left lower lobe Is comparable to the right lower 
with two notable exceptions. The superior segmental bronchus has no 
middle lobe to come oO in juxtaposition to it, and therefore can be more 
readily seen on the postero-anterior projection tlian its fellow on the 
right side. Secondly, the medial and anterior basal segments arc combined 
to form a rather sizeable branch which frequently pursues a distinctive 
cur%’ing course along the left border of the cardiac silhouette The re- 
maining segments of the lower lobe arc the lateral and posterior basal, 
plus a subsuperior bronchus similar to that on the right, From the point 
.of view of radiological diagnosis, they arc a little easier to identify with 
\issurance than the basal segments on the right. 

By way of summary, the following outline of the segmental anatomy 
of the lung is presented. For completeness Brock’s terminology is given 
parenthetically, plus the system of enumeration suggested by Bojxlen. 


The BnoNcnorruiojiART Seohents 


Right Upper Lobe 
I Apical (apical) 
i. Anterior (pectoral) 

3. Posterior (subaptcal) 

Right ilMle Lobe 
4 Lateral (lateraf) 

5. Medial (medial) 

Right Lover Lobe 

6. Superior (apical) 

7. Medial ba^al (cardiac) 

8. Anterior basal (anterior baioi) 

9. Lateral basal (middle basal) 

10 Posterior basal (posteriof baiol) 


tefll Upper Lobe 

1+3 Apical-posterior (opicd-suhapieal) 
2. Anterior (pectoral) 

4. Superior linear 

5. Inferior linear 

Left Lovxr Lobe 

6. Superior (apKal) 

7 + 8 Antero-medial basal (aitcrwr 
basal) 

0. lateral basal (middle basal) 

10 Posterior basal (posterior basal) 
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THE CONSERVATIVE MANAGEMENT OF EI^i ^ 

“S, 

Robert B. Green^latt, M.D.* and Roland R. , 

Endometriosis is, in the main, a disease of young \ 
fore, conservatism in the management of patients with 
has met with but varying degrees of success. It has been ..j in recent 
years that this entity, described in 18D9 by Russell* and brought into 
prominence in 1921 by Sampson,* has been accorded the therapeutic 
consideration it deserv'es. In the past, laparotomy performed for the 
removal of endometrial lesions, while preserving ov'arian and childbear- 
ing functions, has afforded partial or complete relief of symptoms for a 
considerable period but has been followed in not an inconsiderable 
number of instances by other pelvic operations. Conception has followed 
conservative operations on women in whom endometriosis may hav’c 
been the cause of infertility. Present interest in the use of hormonal 
therapy offers further hope for the control of endometriosis until the 
patient has acquired a family, and when employed with conservativ’c 
surgerj' will tide a woman over a good part of tlie childbearing age 
yielding better results and preventing some reoperations. Radical sur- 
gery, i.e., panhystercctomy, should be reserved for the patient over 35 
years of age. 

Nov’ak* defined endometriosis as “tlic condition in which tissue re- 
sembling more or less perfectly tlie uterine mucous membrane occurs 
aberrantly in v'arious locations in the pelvic cavity.” In 1938, IMeigs^ 
drew attention to the fact that endometriosis was increasing in frequency 
and suggested delayed marriage and the lack of early and frequent 
childbearing as possible factors. Thierstcin and Allen® reported a definite 
yearly increase in a proportionate number of cases over previous groups.*** 
Sampson* stated that next to leiomyoma of the uterus, endometriosis 
probably furnishes tlie most frequent pelvic lesions found at operation 
*n women between the ages of 30 and the menopause. During a one year 
period he reported thirty-seven cases of endometriosis in 170 abdominal 
operations for pelvic disease in women between 30 and 50 years of age. 
^ leigs* made a gross diagnosis of endometriosis in 3G per cent of 400 
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.asecutive prh’ate female patients at laparotomy, \rith pathologic con- 
firmation in 28 per cent. Only 5.8 per cent of 400 consecutive patients 
who had abdominal gynecologic operations at the Massachusetts General 
Hospital showed microscopic evidence of endometriosis. He concluded 
that patients in a general hospital population have less endometriosis 
than patients in private practice. Holmes'* reported eighty proved cases 
of external endometriosis among 307 gjmecologic laparotomies, an inci- 
dence of 26 per cent He staled that endometriosis was a disease of 
middle menstrual life with an incidence of 78 per cent between the ages 
of 80 and 45 years in the reported group of cases. 

Because of the increasing importance of endometriosis, we believe it 
worth while to report our experiences with hormonal therapy in the 
conservative management of a number of cases selected from our series 
of patients with this disease 

CASE REPORTS 

Endometriosis of Abdominal Wall 

Case I.— P S., a 27 year old while woman, was first seen in July IWO com- 
plaining of dysmenorrhea of two years' duration She had been married eight 
years hut was childless. She bad had a miscarriage in 1934. In 1930 a bilateral 
salpingectomj', o^'ariaa resection and incidental appendectomy were done. 
The pain of which she complained when consulting us was in the right lower 
quadrant, began as discomfort on the day prior to the onset of menses, became 
very severe during menstruation and persisted as soreness for about ten days 

'lowing cessation of the flow Her menstrual periods occurred regularly ewry 
zwenty-elght days. Examination showed a right inguinal hernia. The uterus was 
retroverted, there was a tender mass in the right adnexa, and a small mass m 
the abdominal wall which became indurated and painful at about the time of 
menses. 

I.aparotomy was performed two weeks later. A large cyst containing a viscous, 
dark brownbh fluid was present in the right ovary. The ovary and cyst were 
removed. The left ovary showed evidence of previous resection and was left 
intact. The retroversion was corrected by defundation and suspension and the 
hernia was repaired. A small mass was excised from the external oblique muscle. 

Pathologic Report: Hemorrhagic endometrial cyst of the ovary about 4 cm 
in diameter. Sections of nodule excised from abdominal musculature revealed 
endometriosis (Fig. 190). 

The patient did well after the operation until November 1946. Menstruation 
had continued to be regular but was scanty She complained of nervousness an 
a more or less constant pain in the pelvis and back. This pain did not inwase 
during menses. Pelvic examination revealed some tenderness and induration o 
the uterosacral ligaments It was felt that there had been a mild recurrrace o 
the endometriosis and three 75 mg. peUets of testosterone were implant^ 
subcutaneously. The paUent was rechecked two months later and il iras ao 
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that the pain had subsided. She xvas still nen’ous but had gained 4} pounds. 
There was a slight increase in hair grow'th on the upper lip, the clitoris had cn> 
larged slightly and libido had increased. The tenderness on pelvic examination 
had disappeared. 

The patient returned for further observation nine months after pellet im- 
plantation. Pain had been relieved for sir montlis, after n Inch time there wa'( a 
recurrence of mild backache. Menses had remained regular and scanty. At this 
time three 75 mg. pellets of testosterone were again implanted. Sntisfaetor> 
alleviation of sjTnptoms was noted during the seven months folloumg and the 
patient has remained fairly comfortable to date (February 1, 1010). 



Fig. 196. — FcdometrioiDa of abdomical wall. 


Endometriosis of the Cervix 

C.^E n.-J. s., a 22 j-ear old white woman, was first seen in September 
1940 for the study of sterility. She had been married five years and had never 
bwn pregnant. She also complained of pain in the lower aWomen and l»acfc 
^ ich began about one week before the onset of menstniation, l^came most 
$e\cre during menses and then persisted as soreness for several days. Further 
wquiry revealed poor sex urge, dysparctmia and pain on defecation during the 
period. Her husband was foimd to have as^^^rmia. 

^ pelWc examination there was extreme tenderness in the nil-ffe-sae but no 
no ules Were palpable. Gross insyyction of the eervir shi’»we/J a rniniife, firmftr- 
r gie, cj-stlilce lesion on the anterior lip* al»ouf 0.7 cm, in tUnrnffrr. A pre- 
sumptive diagnosis of pelvic endometriosis was rnruU nnrl the ksion on the ecrv' 
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was suspected of being an cndomctnal implant. The patient stated that a diia- 
tation and curettage bad been dcaoe fourteen months previously witliout benefit. 

SJie n-as given 25 mg of testosterone propionate parenleraifj’ every few days 
for a total of ten injections At titt end of this course of therapy the patient 
noted marked alleviation of her symptoms. Tlie lesion on the cervix u as biopsied, 
and microscopic examination revealed an endometrial implant on the surface 
of the section of the porlio (Fig IS?)- 

Becausc of the gratifying results obtained with parenteral androgens, three 
pellets of 75 mg. each of testosterone were implanted suhcutaneously on No- 
vember 25, 1946. Relief from pain continued and after five montlis there was 
only slight evidence of the old symptoms Slight hoarseness had dev’cloped, the 
clitoris had mcreased to aliout one and one-ltalf times the original size, there 



Fig. Iff? — Endometrial implant on pon»« ng by Jack 

Wiboa ) 

was no acne and very hllle tJiercascd haw growth Menses remained regular 
and bleeding took place from a progcstinal endometrium 

Si* months after implantation there was a recurrence of symptoms and oral 
methyl testosterone, 10 mg. twice daily, was instituted. Satisfactory allevu- 
tion of pain resulted However, the hoarseness became marked and sore throat 
developed. It was fell Uiat further androgen therapy was contraindicated and 
it was discontinued. 

In September 1947 the p.alient returned because pain had been very severe 
during the last menstrual period. Four 50 mg. pellets of progesterone srere 
implanted. The patient noted about 50 per cent alleviation of pain J"® 

following eight months but she admitted that relief was not so great as 
following oral testosterone therapy. Her libido had decreased under pr ge ' 
terone therapy. 
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Estrogen therapy, in massive doses, was then instituted. Tlie dosage was 
sufficient to arrest ovulation. Bleeding became irregular but was more or less 
painless. Three months after the start of estrogen therapy, suction curettage 
revealed a cystic glandular hJ^)crplasla of the endometrium. By increasing the 
estrogen dosage bleeding could be arrested entirely. The patient has now been 
under estrogen therapy for seven months. She complains of a bearing-down feel- 
ing in the rectum but is free from pelvic discomfort. Libido has diminished 
greatly. 

It is interesting to learn from tliis patient tiiat the most gratifying 
relief w’as obtained with androgen therapy. Libido and w'ell-bcing w’ere 
greatest and menses were regular. Had it not been for the development 
of persistent sore throat she would have preferred to continue tliis form 
of therapy. Estrogens have proved satisfactory in lessening pelvic pain 
but tlie menstrual cycle has been completely disturbecl, with only 
spotting occurring now and then, and libido is at its lowest ebb. 

Ruptured Endometrial Cyst 

Case III — A A , a white woman 35 years of age, was first seen in July 1947. 
She had one child horn in 1943. At the time of her ^isit she complained of se- 
vere crampy pain in the lower abdomen and backache during each menstrual 
period. She noted tension and soreness of the breasts just before the onset of 
menses. Her libido was poor and intercourse was painful. Pelvic examination 
revealed induration in the cul-de-snc and nodular thickening of the iitcrosacral 
ligaments. The induration in the cul-dc-sae was so marked as to give the im- 
pression of retroflexion of the uterus. However, on probing the uterus it was 
found to be anteflexed. Insertion of the curette into the uterus for .suction biopsy 
on the eighth day of her cycle did not cause ulerme spasm. Pathologic report 
showed the endometrium to be in the follicular phase A presumptive diagiio.sis 
of pelvic endometriosis was made. 

It was decided to treat the patient conscriatively and she was placed on 
methyl testosterone. The patient reported marked improiemont in symptoms 
during the following seven montlis. She bad almost complete relief from 
dysmenorrhea, soreness of the breasts liad gone, and premenstrual tension was 
greatly reduced. She stated that during one month when she omitted taking the 
methyl testosterone the .symptoms recurred, but they were promptly alleviated 
following resumption of therapy. 

On March 1, 1948 the p.attent developed sjTnptoms and signs of an acute 
alwlomen. Emergency laparotomy was performed and a ruptured chocolate 
cyst of the ovary was foun<l and removed. The diagnosis of endometrial cyst 
was confirmed by microscopic examination (Fig. 198). The patient made an 
uneventful recovery. Postoperative examination revealed that the extensive 
imluration previously paljiated in the cul-de-sac had disappeared. A few months 
later mild jwh’ic p-iins l)Cgan to recur witli the menstrual period and three 75 
mg. pellets of testosterone were implanted. Satisfactory alleviation of sjTnptoms 
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has been experienced by the paticnl to date (nine months Jater). Arrhenomi- 
metic phenomena ha%'c been naimmal, appearuig only as slight growth of hair 
on the upper lip 

Successful Pregnancy Complicated by Ureteral Endometriosis 

Case IV ~E S , a 24 year old white woman, was first seen in September 1943. 
She compiamed of extreme paai in the lower abdomen during the menstnial 
period and for one v,-cck following cessation of flow. The pain was so severe 
that her phj-sician gave her some opiate each month for relief. She had one 
child, born in 1941, and longed for another child, Peh ic exammation revealed 
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Three 75 mg. pellets of testosterone were implanted this time and the patient 
was relieved of pain during the next six months. 

Th is patient was seen again in November 1940 because of recurrence of her 
pain. Pelvic examination showed the uterus still retroverted but slightly more 
moveable. There was tenderness in the left fornix and some induration of the 
left utcrosacral ligament. Three 75 mg. pellets of testosterone were again im- 
planted. There was no pain following the next menstrual period. Shortly there- 
after Uie patient became pregnant but aborted early in February. She became 
pregnant again very soon tliereaftcr and carried to term successfully. She was 
delivered of a normal male infant on November 29, 1947. 

Metrorrhagia Complicating Endometriosis 

Case V. — I. J., a 25 year old single white woman, was hospitalized in May 
1947 because of metrorrhagia of four weeks’ duration. She experienced severe, 
cramping abdominal pain during the last week prior to admission. The only 
significant finding on pelvic examination was a retroverted uterus of normal 
size. In June 1947 dilatation and curettage, uterine suspension and incidental 
appendectomy were performed. With the abdomen open the operator noted an 
endometrial cyst of the left ovary and two endometrial implants in the cul-de- 
sac. The ovary was resected and the implants removed. The patient improved 
and was asymptomatic until December 1947. At this time she began to have 
severe dysmenorrhea and menorrhagia. The pelvic pain radiated down both 
legs. Another dilatation and curettage was performed in January 1948. ^Miile 
under anesthesia pelvic examination revealed Uie uterus to be of normal con- 
sistency but enlarged to twice the normal size. Impression at this time was 
adenomyosis with endometriosis. 

On February 8, 1948 a single injection of 75 mg. of testosterone propionate 
was administered intramuscularly for metrorrhagia and dysmenorrhea. The 
relief was dramatic. On February 25, 1948 three 75 mg. pellets of testosterone 
were implanted subcutaneously. Appronmalely four weeks after the implanta- 
tion the patient had a normal menstrual period lasting four days with practi- 
cally no dysmenorrhea. This was the first such menstrual period she had had in 
two years. Follow-up during the next nine months revealed complete alleviation 
of her sjTnptoms. She had noticed no side effects from the testosterone therapy. 

Massive Hemorrhage in Cervical and Rectal Endometriosis 

Case \T. — A. J., a white woman 35 years of age, was first seen in March 
1948. She complained of dyspareimia and constant pain low in the pelvis as if 
something were pressing against the rectum. Pain during menses was particu- 
larly severe and bleeding was somewhat excessive. At this lime pelvic examina- 
tion revealed an indurated mass in the cul-de-sac which on pressure referred 
pain to tlie rectum not unlike the pain the patient felt all along. She volunteered 
tlie information Uiat tlic feeling of fullness in the pelvis increased just before 
each menses. Two years previously the patient had suffered a massive hemor- 
rhage i>cr rectum and sigmoidoscopic, proctoscopic and x-ray studies following 
barium enema had failed to reveal the cause. 



^i’ig 199 ^Endometrioma of posterior cervi* at tfce point where anterior rectal rail « 
aftacbed 


of the rectum was indurated and adherent to the iower segment of tic utemr. 
Separation was difficult but sufficient to allow a total hysterectomy. Histo- 
pathologic study revealed an endometrioma (Fig. 199) occiipjang the posterior 
portion of the cervix where it was attached to the rectal wall. The ovaries 
appeared normal and rren? not disturbed. Operation, ioniever, /ailed loreheve 
the pain of rectal pressure. This is not surprising since some of the enilometriaf 
tissue was incorporated in the rectal waU and was not remos'ed A course of 
androgens now seemed expedient and the patient agreed to the administration 
of 25 mg- of testosterone propionate at weekly intervals After the seventh in- 
jection she rejKJrted disappearance of the rectal discomfort In retrospect it was 
fell lliat the intestinal hemorrhage was due to the endometrioma described 
abo^e. 

COAEtfENT 

The treatment of endometriosis is difficult. The choice lies among 
hormonal therapy and watchful waiting, surgical intervention, and irra- 
diation. Consideration must be given to the severity of the symptoms, 
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the extent and location of the lesions, the age of the patient, and her 
sentiments towards the removal of her menstrual and childbearing 
functions. Radical excision or irradiation castration, often necessary for 
cure, v.’vll precipitate a severe menopausal syndrome. 

Conservatism may be hormonal treatment alone, conservative surgery, 
or both. In young women with mild complaints, surgery may be post- 
poned with the hope that the pelvic condition will subside, or that 
pregnancy will occur. Cashman“ stated that the policy of deferring 
laparotomy until the patient is older, if disability does not force the 
issue, results in fewer reoperations and better end results. 

BeccUam** wrote that conservative surgerj' in the treatment of endo- 
metriosis is the predilection of all g>’nccoIogisls. He felt that conserva- 
tive surgery meant the removal of the least possible tissue to obtain the 
desired result, and that every attempt should be made to preserve 
ovarian function to the age of 45 years or beyond. Dannreuther^* men- 
tioned that 40 per cent of chocolate cysts and widespread endometriosis 
occurs in women less than 35 years of age. Normal ovarian tissue should 
be conserved in. these young women, but in women over 85 years, the 
conservation of ovarian tissue was of little importance. Hurd*^ felt that 
it is probably wiser to be a Utile more radical in patients witli en- 
dometriosis than in the average gjmecological cases, because very few 
will become pregnant again, and because symptoms arc liable to 
persist as long as ovarian tissue remains. Meigs'^ concluded that the 
treatment of endometriosis should consist of conservative surgery, with 
the destruction or removal of small areas of ectopic endometrium, in 
women desiring children. Radical surgciy' was suggested in the older age 
group, that is, removal of all involved tissue with the preservation of 
ovarian function. Radiation, he fell, should be used if growth continued, 
lie added that the results of radical treatment were excellent, but that 
from 9 to 26 per cent of rcopcrations were necessary following conserva- 
tive surgerj’. 

Sanders’* expressed the opinion that Uic treatment of endometriosis 
was entirely surgical. He slated that the principal question was the 
relief of symptoms, and the prevention of further damage by interrup- 
tion of the disease. He felt that U»c use of radium or x-ray was hardly 
juslifmble, since the exact diagnosis could not be proved without ex- 
ploration, and the associated pathologic conditions invariably present 
was not relieved. Morse” was of the opinion that the ovaries should be 
])reservc<l if possible in young women, but in the woman who has had 
numerous children ami whose rcproducUve actisnly was tlrawing to a 
close, the excision of the ovaries was of less significance. Cashmaii" post- 
poncil surgeiy as long as {mssiblc, and tlicn removed the uterus and 
major lesions in the ovaries, attempting to preserve all the ovarian 
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tissue possible. Counseller and Sluder** felt that the ovaries of patients 
of any age group should not be removed unless it vas necessary, but 
especially not those of patients less than 40 years of age. They added 
that either the endometriosis or the ovaries must be completely remo%’ed 
in order to expect a surgical cure and that a high percentage of the 
secondary and tcrtiaiy pelvic laparotomies was required because of 
prenous incomplete operations. 

Patients with endomclrioris frequently are sterile. The uneventful 
delivery of a woman afflicted with severe endometriosis is still uncom- 
mon. **■'“■** In the presence of endometriosis and pregnancy, abortion, 
premature labor and e.vtrauterine pregnancy often occur. Complica- 
tions in labor, such as rupture of the uterus, atony during cesarean 
section and critical postpartum hemorrhage, are frequent.’ On the other 
hand, Graves,” Cattell and Swinton**and Meigs” are of the opinion that 
inasmuch as most conseiwative operations are done for preser%'ation of 
childbearing, it is essential to note that from 9 to 82 per cent of patients 
become pregnant subsequent to operation. However, Counseller’* 
doubted whether conservative surgical procedures materially improved 
the chances for pregnancy and seriously questioned whether they should 
be undertaken with that possibility in mind. Seott” found only forty- 
seven reports of endometriosis In pregnancy in the literature and added 
two ol his own. Mcllrath* reported two cases, one with tubal endometrio- 
sis associated with an intrauterine pregnanej’. Lock and Myers*’ added 
two cases in which conception followed conservative measures for endo- 
bietriosis. Both patients, one of whom was treated with testosterone for 
dysmenorrhea, had a normal prenatal course, delivery and puerperium 
These authors searched the literature and concluded Uiat approximately 
one-third of patients treated conservatively can successfully conceive, 
and that the majority of such patients have a normal pregnancy. 

In 1943 Hirst” presented a summaiy of the information from the 
literature which established a rational basis for the use of androgens m 
tlie therapy of endometriosis. He stated that this type of treatment was 
practical for advanced cases where radical excision was contraindicated 


or refused. 

Many authors have attested to the merits of androgen tJierapy.”’* ’ 
The positive values, according to Hirst,** appeared to be the rapid reduc- 
tion of pain, tenderness and swelling of grossly cystic ovarian endome 
triomas. This form of therapy is of value as a diagnostic test if the 
toms are subdued following its use. He added that androgens wi nc 
cure endometriosis and have but a temporary action. lie recommen^ 
androgen therapy in the form of inlramuscular injections of 150 ^ 

mg. of testosterone propionate in oil for two to three weeks, follow } 
daily oral dosage of 10 mg. of methyl testosterone continued up to tare 
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or four years. Allhougli more expensive than pellet implantation, he 
mentions that tins method is more controllable. We have used pellet 
implantation in many patients with excellent results. Following a short 
therapeutic test with parenteral or oral androgen therapy to determine 
if the patient’s complaints are alleviated by this medication, as many as 
three 75 mg. pellets of testosterone may be implanted subcutaneou.sIy. 
The advantages and method of pellet implantation have been described 
in a previous article.®* This method of therapy has produced satisfactory 
alleviation of sjunploms preoperatively and has controlled residual or 
recurrent endometrial lesions following conservative surgerj’. There has 
been no difficulty in the control of dosage. Arrhenomimetic phenomena 
have been mild. Most patients feel that the inconvenience of slight 
hirsutism, acne and enlargement of the clitoris is compensated by the 
marked improvement. The patients return of their own accord for addi- 
tional implantation of pellets when there is any symptomatic suggestion 
of recurrence of the syndrome. 

Experience has long pointed to the disadvantages of estrogen therapy. 
Reactivation of endometrial tissue has resulted from this form of Ihor- 
apy.®* In recent years, however, several investigators have used massive 
doses of estrogens to inhibit ovulation persistently for many months to 
a year and longer. Karnakj*,®* among others, has been most enthusiastic 
about this form of therapy. More has to be done along this line to estab- 
lish its worth and if substantiated it will change many fundamental 
concepts concerning the etiologic factors in endometriosis. 

SUMMARY 

The incidence of pelvic endometriosis is increasing. The condition 
occurs more frequently among patients in private practice than those 
ill a general hospital population. Endometriosis probably is one of tlie 
most common pelvic lesions found at operation in women during active 
menslnial life. The role of androgens in therapy has been defined by an 
extensive literature on tlie subject. Tlie value of massive doses of pro- 
gesterone has as yet not been established. Estrogen in small dosage 
aggravates endometriosis but, experimentally, estrogens in massive 
doses over a prolonged period of time have in a certain number of pa- 
tients yielded surprisingly good results. 

The treatment of endometriosis has not been satisfactorj’. Most 
authors agree that evciy attempt should be made to conserve ovarian 
and childbearing function. Approximately one-third of patients treated 
by conservative surgerj' may conceive and the great majority of such 
patients have a normal pregnancy. Tlie policy of deferring laparotomy 
until the patient is older results in fewer reoperations and better end 
results. The use of hormonal Uicrapy offers further hope for tlie control 
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of emlometriosis Androgen therapy in the form of testosterone pellet 
implantation has been followed by successful alleviation of symplorai* 
for periods of six to eight months. Satisfactory amelioration of the syn- 
drome may also be obtained with parenteral and oral androgen therapy. 
These are particularly useful as a therapeutic test before pellet implan- 
tation. The advantage of the pellet mode of therapy is the tremendous 
convenience afforded the patient by a single treatment. 
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THE DIAGNOSIS OF ECTOPIC PREGNANCY 
L. V. Dill, M.D., F.A.C.S.* 

Ectopic pregnancy has been known since the days of Abulkasis 
(1100 A.D.), and in 1604 Riolan described the classical clinical picture. 
The first operative procedure for this diagnosis was carried out in 1883 
by Lawson Tait, and since the general use of asepsis and anesthesia, 
operative removal of the affected area has been utilized exclusively in 
the treatment of this condition. 

The incidence of ectopic pregnancy varies with the part of the country 
and the tj'pe of clientele, but in general is noted to be from 1 in 100 
to 1 in 300 live births. It is more frequent in tlie colored than in the 
white race, and in the age group around 25 to 30 years. 

Since ectopic pregnancy is one of the roost frequently' missed gyne- 
cologic diagnoses which carries a serious prognosis, and since facilities 
are now available to reduce the mortality of this complication of preg- 
nancy to a minimum, the diagnosis should be considered as a cause of 
abdominal pain in any woman in the childbearing age. The obstetrician 
or gynecologist is rarely the first to see a person with an ectopic preg- 
nancy, therefore it is necessary for the general practitioner, the general 
surgeon, and even the nongynecologic specialist to be cognizant of the 
cliaractcristics of the condition. 

sntPTO.MS 

The most important and most constant symptom of ectopic preg- 
nancy is pain, and so rarely is it absent that it may be considered to 
occur in all cases. The pain associated with rupture is described as being 
of sudden onset and raidline, with migration later to one side (around 
50 per cent), but it may be unilateral (around 30 per cent), upper ab- 
dominal (5 to 10 per cent), or even in the back (rare). This pain may be 
dull and aching, or cramping, but is usually intermittently dull and 
sharp. 

The next most frequent symptom is that of a mwed menstrual period, 
and although this is difficult to ascertain with accuracy in some cases, 
due to irregular bleeding and lack of record in the menses, only 10 to 
20 per cent of Uie patients give no clear-cut history of missed menses. 
Bleeding of irregular nature is a frequent symptom. From 30 to 50 per 

• Obstetrician and Gj-necoIopiit, Yatcr Oinic; Instructor in Obstetrics and Gyiie- 
colopj-, Georgetonn University ^fcdical School; Gs-i!i.in Coasultant, Waller Iteed Gen- 
eral Hospital, Washington, D C. 
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cent of the patients will be bleeding on admission, whereas 70 to 00 per 
cent wilt give a history of irregular bleeding. This may be simple spotting, 
may resemble menstruation, or may occasionally be noted as real uterine 
hemorrhage with the passage of clots and tissue. 

The urge to defecate with the onset of pain is noticeable more frequently 
than allowed by coincidence, and is seen in from 20 to 30 per cent of all 
patients in whom a viscus is already ruptured. 

Shoulder pain, referred to the suprascapular region on one or both 
sides, occurs in 10 to 20 per cent of the cases in which rupture has 
taken place. 

Nausea and vomiting, breast st/mptoms of tightness and engorgement, 
and urinary frequency and dysuria, are noted in the same incidence as in 
the normal intrauterine pregnancy until after the onset of pain, at nhich 
time nausea and vomiting occur in an additiouul 5 to 15 per cent of the 
patients. 

Syncope is a variable s>Tnptom depending on the time at which pa- 
tients seek medical aid: (1) those who cal! a doctor at the first sign of 
pain or bleeding rarely experience this phenomenon, and (2) those pa- 
tients who go to a doctor late, develop sjmeope in 50 to 80 per cent. 
Fainting may be an accompaniment of a normal early pregnancy or in 
association with severe pain, but in general, in the ectopic pregnancy, it 
is associated with sudden massive blood loss 

SIGNS 

The most frequent sign to be noted in the ectopic pregnancy is o6- 
dominal tenderness, which occurs in from 85 to 95 per cent of the patients 
This tenderness is localized to the lower abdomen, is usually more 
noticeable on the side of the implantation, but may be generalized 
Rebound tenderness is present early in most of the patients in whom 
rupture has already occurred. The incidence of this sign is dependent oa 
the presence of blood in the abdomen, and is consequently dependent 
on the stage at which the complication is seen 

It must be stressed that frequently, after a rupture has been aIIonc<l 
to bleed for several hours and the abdominal carity is distended wilfi 
blood, pain, tenderness and ripdily may disappear almost completely, 
leaving a soft, “doughy," nontender and nonrigid abdominal waif. 

Equally as frequent is a sign that is well recognized but rarely stress^ 
in the diagnosis of the ectopic pregnancy — exffutrife tenderness and pat" 
produced by manipulation of the cervix. This occurs in around 90 to 9^ 
per cent of the patients, is entirely out of proportion to the temperature 
and elevation of the while blood count, and is of great significance wfiea 
taken together with the remainder of signs and sjTnptoms. 
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The third most frequent sign, and one of the most important if de- 
termined to be present, is an adnexal mass. The incidence is 60 to 70 per 
cent in palpable form in the conscious patient, but is actually 100 per 
cent in patients at laparotomy. Therefore, the acuity of the examiner 
and the ability of the patient to cooperate play a large part in deter- 
mining the incidence of this sign. The pain produced by pelvic examina- 
tion is usually so great as to cause lack of cooperation on the part of the 
patient, ma kin g it difficult or uncertain to determine the size and shape 
of the uterus, the presence or absence of cul-de-sac or adnexal masses, 
and the definition of other pelvic structures. Under general anesthesia the 
incidence of finding a pelvic mass changes, and approaches 95 per cent. 

Bulging of the cul-de-sac, shifting dullness, and flank dullness, all depend 
on the presence of large amounts of blood in the abdominal cavity. These 
signs are recognized in from 20 to 40 per cent of patients, again depend- 
ing on the stage of the condition when the patient is first seen. 

Another important sign, particularly in those cases in which bleeding 
has not been rapid but has been prolonged over several days, is the 
presence of anemia definitely out of proportion to the blood loss noted 
externally. This occurs, along with pallor and elevation of the pulse rate, 
in 50 per cent of the patients. 

The presence of shock and syncope on admission depend on the tj^pe 
of clientele and the stage of the tubal pregnancy. In some groups shock 
is present in no more than 5 per cent of the patients; in others it may 
reach 15 per cent. It may be stated that shock, when present, is by far 
the most important sign. 


LABORATORY DATA 

The laboratory findings arc mentioued for the sake of completeness, 
but are usually of little value in the diagnosis of the acute ectopic 
syndrome. The hemoglobin, red cell count and hematocrit are frequently 
moderately depressed, but not necessarily so. 

Time is rarely available to obtain a test for urinary gonadotropin, and 
the routine urine specimen is usually essentially negative. 

In the questionable cases in which observation is being carried out, a 
steadily dropping hemoglobin, red ccU count and hematocrit, along witli 
a positive test for urinarj’ gonadotropin, are of great value, 

DIFFERENTIAL DIAGNOSIS 

The tJTJcs of errors in diagnosis which arise in differentiating the 
ectopic pregnancy from other pelvic conditions vary with the t^TJc of 
clientele and the stage of the condition when the patient is first seen. 
The private patient operated on erroneously for an ectopic pregnancy 
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usually has an intrauterine pregnancy or an angular pregnancy (20 to 
40 per cent). A similarly incorrect diagnosis may be made on parents 
threatening to abort, but fewer of these have laparotomies. Salpingo- 
oophontis, ovarian cysts, fihtomyomas of the Uterus, and appendicitis are 
less, frequently confusing. 

In clinic patients the speci6c pehuc inflammatory conditions produce 
the greatest incidence of error in the diagnosis of ectopic pregnancy, and 
threatened or induced abortion is close behind. Intrauterine pregnancy, 
angular pregnancy, ovarian cysts, myomas and appendicitis follow. 

We have found that the following plan of attack helps a great deal in 
mapping the course of therapy for a patient who has a questionable 
ectopic pregnancy. First it must be deciiJcd: (1) Does this patient have 
an acute abdomen? And (2) is it almost undoubtedly not salpingo- 
oophoritis? If the patient has an acute abdomen, or is shocked, or we do 
not feel that it is salpingo-oophotilis, there is no choice but laparotomy 
to rule out an intra-abdominal catastrophe. 

In those patients in whom there is a questionable abdomen, and 
salpingo-oophoritis is thought to he ruled out, we feel that posterior 
colpotomy, a cul-de-sac puncture, or culdoscopy is definitely indicated 
The procedure to be followed would then depend upon the results of this 
diagnostic measure. 

llhere there is uo question of an acute abdotfien and the signs and 
symptoms would lead one to think of ectopic pregnancy, feel that 
these patients should be hospitalized, blood made available, and the pa- 
tient kept under careful observation In general, the picture will become 
definitely darified srithin a week. 

The simple expedient of checking the positive findings by the following 
list has been of great value in making the diagnosis of an ectopic preg- 
nancy, and will render the diagnosis clear in seemingly obscure cases: 


Fain 

Abdominal tenderness 
Cervical tenderness 
"Missed period 
^lass in adnexa 
Bleeding 


7. Anemia 

8. Shoulder pain 

9. Urge to defecate at 
onset of severe pain 

10. Shifting dullness and 
bulging dI cul-de-sac 


Shock has not been included because its significance is out of propor- 
tion to the other signs and symptoms. 


SUJUMARY 


the presence of any abdominal pain 


have been presented 
• . , and frequent coznpU' 

,eriously considered in 
in the woman of childbearing fige- 



INVERSION OF THE UTERUS 


George SciiAErEB, M D.* and Edward C. Veprovsky, M.D., F.A.C.S.t 

In the course of his prJictice the obstetrician may never see more than 
one or two cases of inversion of the uterus. Yet, so dramatic is this 
accident of labor and so important are its recognition and treatment that 
a review of the entire subject wdth a report of three cases is not amiss. 

Incidence. — Since Valentine de Vitry first reduced an inverted uterus 
of si.\teen months’ duration in 1847, numerous papers have been written 
on this topic. Thomas* reviewed fift^’-eight cases from 1709 to 1809 of 
which eighteen ended in death. In 1911 Thorn, quoted by Irving,^ found 
641 cases reported. The older literature gives the incidence of inversion 
of the uterus as one in several hundred thousand;* however, more recent 
authors give an incidence of about 1 in 5000 cases.*- *• *■ * Polak* and 
Hirst* have each reported six personal cases. Our incidence at the Queens 
General Hospital is 3 cases in 19,301 deliveries or 1 in 0433. 

Classification. — Inversion of the uterus may be incomplete, in which 
the uterine fundus does not e.\tend farther Ilian tlie cervix, or complete 
(Fig. 200) in which any part of the corpus passes through the cervical 
ring. Phaneuf*® classifies inversion into three varieties: (1) acute, which 
occurs immediately after delivery before the cervical ring has formed, 
(2) subacute, which is found after tlie cervical ring has formed, and (3) 
chronic, which has existed for one montli or more postpartum and in 
which involution has taken place. 

ETIOLOGY 

Several points of view have been advanced for the occurrence of 
inversion of the uterus. Most textbooks give the impression that this 
accident is due to mismanagement of tlie tiiird stage of labor and 
is caused by undue pressure on the fundus or traction on the cord. 
Olhers*- **• ’* believe that inversion may occur spontaneously due to 

contraction of the muscle fibers of Uic fundus with relaxation of tlie 
lower uterine segment. Slavin” studied inversion in cows, 90 per cent 

From the Depirtment of Obstetrics and Gjoiecolog}-, Queens General Hospital, New 
York City. 
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of which deliver themselves. He found the incidence in cows to be 1 in 
517 births and noted that it was infrequent in priraipani except after 
abortion, ife also found that the xemovaJ of an adherent placenta <lid 
not cause inversion, nor was inertia a cause. The causes of inversion of 
the uterus may be listed as predisposing and ezeiling. 



l-’if? 900 — Complete inversion of the uterus wilb ibe placenta and cnril attaciird. 
Fredtsposing Causer 

1 Pathologic Conditions of Urc Uterus and Its Contents 
a Adherent placenta 

b. Short cord 

c. Congenital weakness or anomalies 

d IVeakening of the uterine wall at the placental atluchtncnt 
e. Congenital failure of improper inervation 
f Chronic metritis 

g. Effect of difficult labor, frequent prepiancies or abortioni 

h. Fundal implantation of the placenta 
i Tumors 

4. Functional Conditions of the Uterus 

a. Iherli’a 

b. Relawtloa of all parts of the uterus 

c. Disturbance of the contraction mechanism 
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Exciting Catxses 

1. JEaiiual removal of an adherent placenta 

2. Licrcase in intra-abdominal pressure 

3. Mismanagement of the third stage of labor 

a. Itnpropcr fundal pressure 

b. Traction on the cord 

c. Injudicious use of oxj’torics 

Ilurer and Sharkey'® collectetl twenty-one cases of which 16, or 76 
percent, were classified ns avoidable and 5, or 24 per cent, as spontaneous 
or unavoidable. They felt that increased intrn-abdominal pressure due 
to coughing or vomiting, plus the abnormal distribution of fibers in the 
fundus at tlie site of the placental attachment and the softening of the 
uterine wall at this area due to increased vascularity, may lead to the 
production of a dimple on the fundus of the uterus. The actual mecha- 
nism of inversion is described by Phancuf as follows : “After any portion 
of the uterus becomes indented to a considerable extent, the rest of tlie 
organ seizes this invaginated portion ns it would a foreign body, and in 
attempting to expel it, turns itself inside out.” Gordon” offers pathologic 
proof of this from a postmortem examination. The placenta was attaclicd 
to the fundus and sections from various parts of the uterus other than 
the placental site were normal. A section of tlie placental site showed 
definite destructive action in tlic myometrium. The weight of the placenta 
could cau.so a depression in .such a weakened myometrium and the over- 
acUve uterine muscle of the remainder of the wall would seize and expel 
it as it would a foreign body. 

Charboniiet'^ reported a case in which the placenta was catapulted 
uilh such a force by an inverting uterus that it struck the attendant 
a ho Was standing two feet away. He ascribes this to the intravenous use 
o! an oxytoxic. Another example of the role of oxy toxics in the production 
of inversion is cited by Kallreider^ who on injecting ergotrate intra- 
venously during u cesarean section saw the uterus invert through the 
incision. 


SYMPTOMS 

The symptoms of hemorrhage, shock and jtain are well known. Exaiiii- 



of the nen*cs of the broad ligament and the peritoneum wJiich have been 
< ragged into the inverted uterus. Browne” attributes the shock to com- 
pression of the ovaries in the cer\'ical constriction similar to that pro- 
« uccfl by injury to the testicle. Since the shock produced by inversion 
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may at tiroes be out of proportion to Uie blood loss, these explanations 
should be consjderc<l, 

CASE REPORTS 

Case I — It S (No A542fi), a 25 ycju-oM Sihlte pc^^a^para,'^astKl«litU^iat 
term to the Queens General Ilospitol oti December S5, 1&39 in active labor. 
A/tcr a first stage of tiu'rty-eiglit and one-half hours and a second stage of four 
ami three-quarter Itours, she was delivered of a C pound slfilhorn infant by Ion- 
forceps Tlie third stage lasted fifty minutes and Uic jdacenta was delivered by 
moderate fimdal prcss\ire wiUiout faction on the cord. Wliat appeared to be a 
succenturiate lobe remained in the vagina and llic nierabranes attached to it 
uerc grasped with a clamp but could not be delivered The mass in the vagina 
v,as not replaceable and since the patient b^an to show signs of shock— her 
bfood pressure was 40/20 and her pube 140 per minute — she was given a Wood 
ttansfvis\on of 1000 cc No futlhct attempts at rejjlaccmcnt were made at this 
time 

On December 28. 1939 the niass in the vagma was still present and under 
ether anesthesia it was reposited vaginaJly and the uterine cavity packed mtb 
gauze The patient was given a sulfonamide, ergotrate and repeated blood 
transfusions and on December 30, 1939 the packing was removed On etamma* 
tion of the patient for discharge from the hospital on January 15, 1940 the vagina 
was filled with the body of the inserted uterus; the cervix could be palpated at 
the upper end of the mass and the actual area of in^’crsion felt. The patient had 
no complaints and signed herself out of the hospital against advice. 

*■ She was readmitted on February 10, 1040, having begun to bleed three days 
after leaving the hospital examination at this time revealed the cervix to be 
piloted C cm., with a firm, smootli, globular mass presenting through the er- 
wrna! os On February 29, 1910 a Splnelli operation was performed following 
which the patient made an uneventful neovery and was discharged on March 
15, 19i0 

Case II — K. C {No A55I44), a 21 year old while primipara, was admitted 
at Icrtn to the Queeas General Hospital on September 22, 19V2 m active labor. 
After a twenty-two hour first stage and a one-half hour seconil stage she tie- 
liiercd an 8 pound 0 ounce infant with tJie aid of low forevps. The placenta 
delivered spontaneously onc-liaU hour later. Tlwre was active bleeding during 
the third st-igc and the blood loss was estimated at 800 cc On attempting to 
push the uterus up into the abdominal cavity, a hard mass, 8 cm in diameter, 
was palpated in the vaguia. Abdominal exammation revealed the absence of t m 
fundus above the symphysis 

.Vu inunediate attempt was made to rejxwit the inserted uterus under et er 
anesthesia but this was unsuccessful. Hie patient’s blood jiressure at this 
was 50/0 and her pulse ICO per minute Sbe was given oxj'gen and plasma 
started. Wien the blood pressure rose to 85/50 another attempt was ^ 
replace the uterus. The uterus and vagina were packed with gaiue am 
bleeding was controlled However, tiie patient coughed and the pacing 
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extruded, the uterus again inverting The vagina and tlie uterus were repacked 
n ith gauze and the patient was given hlood transfusions and a course of ergo- 
trate. On September 25, 1942 tlie packing was removed and a fibroid palpated 
in the posterior wall of the uterus. The cervix was closed at this time and no 
inversion existed. About two years later in July 1944 the patient had a normal 
spontaneous delivery without tlie recurrence of the inversion and without ex- 
cess bleeding. 

Case III. — A. R. (No. 61882), a 29 year old gravida III, para II, was ad- 
mitted to the Queens General Hospital in active labor on September 22, 1948. 
Her past history was negative except for a postpartum infection following re- 
tained fragments of the placenta in her second pregnancy. Her labor was un- 
eventful, the first and second stages lasting six hours. She did not receive anal- 
gesia or anesthesia during her labor and delivered siiontancously a C pouiul 
female infant in good condition. After delivery of tlic child, the placenta was 
visible at the introitus and a gush of blood appeared. A gentle Crede’ maneuver 
was attempted without success. After a few minutes another gush of blood 
appeared and gentle pressure on tlio fimdus resulted m the partial extru.sinnof 
a friable placenta. Traction on the placenta together with pressure on thcfimdus 
finally completed delivery of the placenta. A mass to whicli the membranes 
were attached appeared in the vagina. The membranes were grasped with a 
clamp in an attempt to twist them off and Uie mass in the vagina appeared at 
the vulva. This mass was thought to l)e a portion of a retained placenta and it 
Was grasped with a sponge stick in an atlcmpl to deliver it ^^’hen more of the 
mass became visible, it was recognized ns inverted uterus and released, w’here- 
upon it retracted slightly into the vagina, carrying the adherent membranes 
With it. By tliis time the patient began to show signs and symptoms of shock. 
Her blood pressure was 60/40 and dropjicd rapidly to CO/0. Intravenous saline 
uas started quickly followed by the administration of blood plasma into the 
veins of both arms. A blood transfusion was started and within fifteen minutes 
the blood pressure had risen to 90/C0 and the patient was no longer in shock. 

Under tlecp cyclopropane anesthesia an attempt at replacement of the uterus 
was made. No cciv’ix could be paljialcd and Uic entire ulcnis was soft and flabby. 
Partial reposition was obtained but in attempting to pack the uterine cavity 
tlie packing was extruded on tw o occasions. The uterus could be elevated to the 
level of tlie umbilicus but cupping of tlie fundus was evident. It was felt tliat 
the inversion still exbted. Tlic patient had lost about 400 cc. of blood during 
tlie dcliverj- plus an estimated 500 cc. during tlie attempts at vaginal replace- 
ment of the inverted uterus. She was rccehing blood under pressure in both 
arms and her condition was good, her blood pressure being 102/70. .iVn entire 
roll of 4 inch gauze was inserted against the inxerted fundus and a second roll of 
gaiirc in-serted against the first. The >-agina was then packed with leased gauze. 
The entire mass consisting of packing and inverted ulcnis was pushed al>ove 
the le\d of the -ymphysis and held up by suprapubic pressure. Since the jia- 
tienl was in good condition, it was deemed advisable to attempt reposition by 
the alMlominal route. 



604 


GEORGE SCHAEFER, EDWARD C. VEPBO\-SKT 


During the transit from the deliver}' twom to the operating room the 
was held above the sjunph^'s)*! On arri\ml at the operating room the palicni 
was in shock, her blood pressure was unobtainable and her puke unperceptible. 
The abdomen was opened through a low midline incision and the uterus nas 
found high in tlie abdomen in good position mth the inversion reiKisited There 
was no evidence of rupture of the uterus and the uterme cavitj- contained the 
packing that liad been inserted i-aginally. The abdomen was closed and the 
j'atient returned to her room TTie entire abdominal procedure took less tlian 
fifteen minutes and the patient responded well, her blood pressure rising to 
lOi/70 and her pulse dropping to 100 per minute immediately after the pro- 
cedure She received a total of 1500 cc. of blood, 1750 cc of plasma and •lOO 
cc of saline She also rcccii'ed penicillin and responded well postoperatively, 
showing no elevation of temperature and no blecduig at any time 

Tlie packing was remoi'cd five days after ila insertion, bringing a portion of 
membranes 4 b}' 8 inches mth it. Pelvic examination revealed the fundus to lie 
about 4 inches aboi c the siTOphysis and no cupping or dimpling was palpable. 
TJje cervtt was 2 mches dilated and the njyxiraetnum was visible through it 
Ergonovine was given and the vagina repacked. The following day the packing 
was removed and the cervix was now about 1 inch dilated w'ith small lacerations 
Imt no bleedmg. Her subsequent course was imcveslfid and she was di'charged 
on September SO, 1948 in good condition 

TREATJUENT 

Various methods have been described for the treatment of the inverted 
uterus This, la itself, is ao indication that no one method has widesprcatl 
- iproval and that no one method is applicable in all casev. Barrows,” 
h ritt” and McLennon and McKelvey** believe that the inverted uterus 
should be disregarded in the aaite stage other than controlling hemor- 
rhage and infection, they advise treating the inversion four to twehe 
weeks later However, most textbooks and Cosgrove,® Barret,” Hender- 
son,” Irving and Kellog,” and Jacobs’* advise immediate replacement 
before shock ensues. Unless this is done D’Uriceo*^ states "the inex- 
perienced accoiicher may waste valuable time and the golden opportunity 
to attempt manual replacement at once is lost.” Although most men 
agree on immediate replacement, Uieir methods differ. Barret advi'cs 
removing the placenta, giving a quick antiseptic splasli to the uterui 
and grasping the fundus in the palm of one hand (Fig. 201, «) He then 
locates the area of the cervix and vagina most easily turned in and fixes 
this with the other hand (Fig. 201, i). The adjacent parts are turn m 
until the hand is in the cavity of the uterus after whi(* he waits nnti 
the uterus contracts against his band. O'Sullivan** describes a met o< 
inlravaginal liydraulic pressure wbidi he came upon accidenUHy- 
open drop eliicr he inserted a douche nozzle into the posterior ® 
the vapn.a. His forearm happened to block the vaginal orifice an 
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vagina ballooned out, the uterus promptly returning to its correct 
position. 

Jacobs^ suggests suturing the external os after reducing the acute 
inversion, lie used several chromic catgut sutures, reducing the lumen 
of the os to one-third its size and thus preventing a recurrence. Irving 
recommends that the Huntington operation be done without attempting 
vaginal replacement because the operation docs not increase shock or 
hemorrhage which vaginal manipulation tends to do. In the Huntington 
operation (Fig. 202) the abdomen is openetl through a midline incision 
and the uterus grasped with Allis forceps about | inch below the inversion 
cup on both sides. The inversion cup is drawn up and another pair of 
Allis forceps grasps the uterus at a lower level and further elevates it. The 
first pair of Allis forceps is removed and reapplied below the second 
until the fundus has been drawn up and the reinversion completed. 




Fig 201, — a, The fundus is grasped in the of the hnni! nnd steady pressure rniide 
Against it. b, Inversion being slowly repbeed Hand nbove sympbj'sis palpates for inver- 
sion cup c, Iiiversioc completely replaced. Closed fist elevates fundus. 

Irving and Kcllog report seven consecutive cases of acute inversion 
treated by tliis method without inorlalily. 

Clulir and Wurzbach*’ report a case of reduction of an inverted uterus 
following intravaginal packing. The vagina was packed with 25 feet of 
gauze placed against the inverted uterus, winch was tliought to be a 
fibroid. At laparotomy the uterus was found packed and no fibroid was 
present. In our Ca.se III, in which vaginal reposition of the uterus was 
unsuccessful, we placed nu entire roll of unwound 4 inch gauze against 
the inverted uterus in the vagina nnd supported the first gauze roll with 
n .second 4 inch gauze roll (Fig. 203, a). \Xc tlien packed the vagina and 
jmslicd the entire mass above the symphysis nnd held it up in place bv 
suprapubic pressure with the fingers. Suction was apparently created bv 
this maneuver, for the packing was found in the uterine cavity with the 
uterus rcpiaccti at laparotomy (Fig. 203, f»). 

TIio treatment of subacute inversion of the uterus, which one en- 
counters from fifteen minutes to six hours after the accident, requires 
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astute judgement, for the majority of deaths occur in this period. Some 
say keep hands off and treat the shock and hemorrhage. That this view- 



rig 209 — Tecboic of lluctmgton operation a, Uienis grasped mtJjAlliacismpiabout 
3 inch bdow the inversion cup 6, Second pair of AUw clamps grasp below first sod u'erui 
IS drawn up c, Heinversion coropJeteil 




Fig ^03 — Q, Gauze pact, inserted against inverted fundus A second park placed in the 
vagina I, Position of packs at laparotomY Uterus replaced 

point is sound is borne out by the mortality figures which are 5 per cent 
when the conservative treatment is used and 30 per cent when int«r er 
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ence is attempted. However, Eastman reports a death with the hands-off 
policy and regrets not interfering. 

Numerous technics have been advanced for the reposition of the 
chronic inverted uterus. In 1795 John AMiite described a method of using 
a round stick of wood 14 indies long and expanded at each end to avoid 
trauma. Tliis was pushed against the inverted fundus. At the New York 
Obstetrical Society in 18C5 Thomas A. Emmet spoke of a method of 
drawing the uterus out of the vagina and rapidly thrusting it up again. 
Aveling’® made a cup-shaped wooden repositor to replace the inverted 
uterus. 



Fig. 201. — IlaulUin technic, a, Position of uterus bI laparotomy. Adnexa and round 
ligaments drawn into inversiorj cup. b, Incision in pasterior cervical constriction ring, 
c. Uterus lelnverted by traction on fundus with a tenaculum. 

Haultain” suggests awaiting involution of the uterus. Through a low 
midline incision the cervical constriction ring is incised in the midlinc 
and Uie inversion overcome by pressure from within the vagina by an 
assistant (Fig. 204). Tlie SpinelU leehnic (Fig. 205) consists of incising 
the anterior wall of the inverted utcnis from the cervix to the fundus 
through a vaginal opproarh. Tlic utenis is replaced by rolling the 
cut edges laterally, at the same time gently pressing the fundus up to- 
ward the pelvis. A wedge-shaped piece is excised from each side of the 
Inverted uterus before tlic walls are sutured. The corpus is displaceil 
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THE CORRECTION OF CICATRICIAL DEFORMITIES 
Hans May, M.D., F.A.C.S.* 

Scabs usually follo-n’ the destruction of tissue resulting from trauma, 
burns, operation, or disease. Tbeir appearance, tbeir painfulness or con- 
traction may cause a mental or physical handicap. Before operative cor- 
rection is undertaken, the tissue which formed the scar must have reached 
a state of quiescence, recognizable by the pale color and softness of the 
scar. Massage and radiation often aid in accelerating the process. 

In discussing the plastic repair of scars it is important to distinguish 
between simple and extensive scars. Both types can be smooth, hyper 
trophic, deprcssc<l or contracted. 

SIMPLE SCAKS 

For correction of a simple scar, whether smooth or hypertrophic, the 
incision outlines the scar and penetrates at either side of the scar into 
the subcutaneous tissue, but not deeper. The subcutaneous tissue is kept 
intact to act a.s a ba.sis upon whicli the undermined wound edges may 
be approximated (Fig. 20C, a). The sutures o! the wountl edges are inter- 
rupted. It is customary to employ fine cotton for the subcutaneous 
tissue, and horsehair or 6nc silk on a fine curved cutting edge needle 
for the skin edges. The wound edges are not grasped with a forceps but 
only elevated bj' one prong to facilitate the penetration of the needle. 
The sutures are removed between the third and fiftli day after the 
operation. 

II the simple scar is depressed, the technic for correction differs, and 
should be carried out accortling Ui Figure 200, b. If the simple scar is 
contracted, tlie entire'sear tissue, including the base, must be excised 
until the whole defect thus created consists of normal tissue. One ordi- 
narily succectls now in releasing U>e contracture unless the latter has 
been of long sUinding. Usually some sort of tissue shifting is necessary to 
close the defect. Wierc the contracture is due to a binding web, the Z 
type of relaxation incision nitli exchanging flaps is the operation of 
choice (Fig 200, c), Tlic object of tliis openation is to interrupt and 
displace the binding web by the formation and transposition of two Iri- 

• Assislanl IVofes^or of Surpery, Graduate School of Medicine, University of Penwj I- 
vatiia, rUiladclplsia; Assodale Surgeon, LauVenau llospitnl. Children’s Hospital of the 
Mary J, Drcxcl Home, and Chestnut Hill Hospital; Chief, Department of Plastic Surgerj-, 
Germantown Ilaspilal; Consulting I’lastic Surgeon, AWnglon Memori.al, Memorwl 
Otoxhorough), Mlscricordia and Xatareth Hospital and St. Christopher’s Hospital for 
Qiildren, Philadelphia. 
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Fig 200 — a, Correction o/ simple smooth or bjpertrophic sear The incision outlines 
the scar and penetrates the other side of the scar into the subcutaneous tissue but not 
deeper. The bottom of the scar is kept intact to act as a basis upon nhicL the mobilised 
Round edges are approrimated 

b. Correction of simple depressed sfar The scar is ercised to the base of the retracted 
area. From the deep corner of the defect a bilateral incision is carried obliquely Joivnwsrd 
and outward leaving the base of the scar intact to act as a buttress. Mobilized tround 
edges are approximated upon this buttress 

c, Z-operation for contracted scar due to binding nebs The central line of the Z is l.iid 
upon the most prominent portion of the neb and the arms of the Z are marked out on 
opposite sides of the central line in 45 degree angles. Points A and B should lie in wriical 
direction, so in center are C and D Thus two triangular flaps are outlined which are 
mobilized and exchanged The object is to interrupt and displace the binding web fnote 
the different direction of central line). (Atta John Staige Davis.) 
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angular flaps which are placed so that their outlines form a Z. The central 
line of the Z is laid along the most prominent portion of the web and the 
arms of the Z are marked out on opposite sides of the central line. The 
two triangular flaps thus outlined are mobilized. The contracture is now 
reduced as far as possible and the two flaps are transposed. If the binding 
web is long, several such Z’s may be formed and their flaps transposed 
(Fig. 207). 



Fig 307. — 0 , Posterior view of patient with binding web of anterior part of nxilti after 
burn 

b, Condition corrected by double Z-operation, which broke up the binding and released 
the contracture 

e. Patient three montlis after repair. 

EXTENSIVE SCABS 

Exteruice smooth scars arc in the same plane as the skin. Ordinarily 
they do not cause any trouble since they do not contract. However, they 
lend to become annoying i! they are situated in such c.vposed regions as 
the face or neck. In these cases repair work may be requested. If the scar 
is not too extensive and elliptical, and tlie surrounding skin is freely 
movable, the scar is treatetl as if it were simple and smooth. It is excised 
donn to the subcutnneou.s tissue, but not further. The wound edges arc 
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mobilized subcutaneously and approximated until a linear suture can be 
established. If the defect left after excision of the scar is triangular or 
rectangular, and the surrounding slan is freely movable, plastic closure 
can be achieved by starting with closure of the corners. If undue tension 
in the sutures is to be anticipated, a multiple-stage procedure is advisable, 
by which the scar is only panialfy excised and sutured (Morestin, 
Sistrunk, Smith). During the intervals — the intervals being three 
months — the skin is allowed to stretch until all parts of the scar are re- 
moved. If the scar is too lai^e to permit closure of the defect by simple 
tissue mobilization or tissue sliding, covering the defect by a full thick- 
ness skin graft or split graft is advisable. 

The extensive hypertrophic scar is usually due to keloid formation. Wc 
do not know, as yet, the cause of the keloid, hence the treatment is 
rather vague. The most eflScicnt treatment at the present time is radia- 
tion by x-ray or radium, preferably after excision of the scar and closure 
of the defect by skm sliding or skin grafting (Fig. 208). 

In extensive depressed scars the technic of correction differs from that 
used in simple depressed scars. In the majority of cases the involved area 
is too large to allow an approximation of the neighboring subcutaneous 
tissue to fill tlie defect. Hence, the repair work is mostly confined to 
grafting fat, cutis, bone or cartilage, m order to restore the normal surface 
contours (Fig 209) 

Correction of extensive contracted scars is one of the most difficult 
blems m plastic surgery. The extensive contracted scar is usually 
scd by destruction of the deeper pari of the surface tissue, and appears 
usually at the flexor surface of the extremities or at the junction of limb 
and trunk. 

In the majority of cases mucli can be done to avoid contractures by 
early skin grafting. There arc, however, some cases in which a skin graft 
operation is contraindicated because of the patient’s impaired general 
condition. AMiere large grafts are not available or fail to take, immobili- 
zation of the affected limb may counteract the contracting forces during 
the waiting period. If in spile of proper immobilization a contracture 
starts developing, nothing forobly should be done to overcome it unless 
the patient is ready for operation. A raw surface in the flexor region o 
the joints often decreases in size, not so much by the overgrowth o 
epithelium from the periphery of the wound, as by the drawing in of t e 
adjacent tissue. If the process is permitted to take place without inter 
ference, healing goes on rapidly. It, on the contrary, the contracting 
joint is irritated by repeated forceful dressings, there will be 
duclion of fibrous tissue followed by more extensive shrinkage, r, ® 
extremity is forcefully stretched under anesthesia and fixed in t is posi 
tion, wide fissures are opened in the granulating wound ivith t e pos 
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bility of infection, delay of healing, and production of larger and denser 
scar tissue. iMiat really is needed in such a case is the early covering of 
the raw surface with a skin graft. After healing has taken place, proper 



Fig eos — fl, Exteasive krloid vxir nflcr sreond-degree burn The scar was excisetl. 
The resulting square defect was dosed by wide mobilization of adjacent sUn an<i sub- 
cutaneous tissue, starting with dosure of the corners X-ray treatment was started two 
weeks after operation". ?30 U, ISO KU, 40 cm distance, 4 mm. olominuin filter, ten 
minutes. This treatment was repeated three more times once a week. 
b, Xo recurrence of keloid after one jear. Note loss of pigment. 

physiolherapy should be instilulcd to lessen the conlracliire. Furllier 
operative procedures, however, may become necessary to overcome the 
remaining deformity. 

To correct n contracture several procedures or a combination of v.arious 



Fig 209 — «, li, I^rge depressed scar and ftarti&l bss of orbllal run, with dyplacement 
of right eyebrow, after compound fracture foUowcd by cwleonsjelitis. The scar was ex- 
cised To rotate the lateral half of the eyebrow downward, skin and subcutaneous tissue 
of forehead and scalp were widely orobilued from a long sagittal incision A fascia lata- 
tat graft was transplanted into the depressed area, and the wound edges were sutured 
together in laj'ers 

e, Eight months after operation 
d, Six years after operation 

procedures are available. If the contracture is caused by a ueb formation, 
and the surrounding skin is pliable, one or several Z-operations is the 
method ol choice (Fig. 20C, a). In contractures due to broad, den« 
scars, the latter are incised or excused, the contracture is reduced, and I e 



CORRECTION OF CICATBICIAL DEFORMITIES 


G17 

resulting defect is covered with a skin graft (Fig. 210). Local or distal 
flaps are seldom required. 



J'iK 210 — a, EiteiLsiTe contracture of left a<iIU from burn. 

b, The scar was incised near the chest, the contracture reduced, and the defect covered 
nith two skin grafts Result six months after operation. 

Contractures of the hand ofTer additional problems. The vast majority 
of contractures could be avoided if the hand, whenever immobilized, 
were immobilizetl in the po.sition of function. Wicn the wrist is held in 
flexion (wrist drop), and allowcel to remain in this position, the extensor 
tendons arc maximally stretched, hence, cannot be relaxed further if an 



"Fig 211 — a, Contracting kcloH) scar of dorsum of band after second-degree burn 

b, Marked limitation of flerion Hjperextenuon fixed deformity of metacarpophalan- 
geal joints and clan-hand deformity 

c, d, Excision of all scar tissue at the lerel of the subcutaneous s-eins, reduction of 
contracture under gradual stretdiing-, semaoce of collateral ligaments of metacarpo- 
phalangeal joint of fifth finger, and application of thick split grafts, six weeks after opera- 
tion and extensive physical and occi^utional therapy. 

attempt is made to close the hand to make a fist. This prevents tie 
flexor tendons from functioning fully. It draws the fingers in b^Ter- 
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extension in the metacarpophalangeal jornts, and draws the thumb back 
onto the side of the hand. In this position the collateral ligaments of 
these joints are relaxed and shortened. Prolonged immobilization in 
h}-perextcnsion of the fingers in this position causes a rapid shrinkage of 
the collateral ligaments, which prevents a normal rotation of the pha- 



Fig. 214 Extensite dcstricial deromaitie) of face and neck from flash po»-der ex 
plosion An ectropion of right lower Up, se%-ere contracture of chin, severe facial scars, 
scars around the nose, tnicro-stoma resulted from this accident 

b, Tno operations were necessarj' to correct the extensive contracture of the neck; and 
one more operation to enlarge the oral orifice. The ectropion of the right lower lid was 
repaired with a full thickness graft taken from the supraclavicular region The ectropion 
of the lower lip was corrected with full thickness graft from abdomen (see al«o d and e). 
Patient aUo had partial loss of right ala of cose, which was repaired with a composite 
graft of full thickness of skin and cartilage from the anterior part of the helix of left ear. 

c, After the rccorwtruction of the right lower lid. and before reconstruction of the right 
nasal ala. 

d. Patient after the finished recotistruclion without make-up 

e. With make-up 


Lingcal joint surface over the head of the metacarpal bone. It also causes 
a contracture of the posterior part of the joint capsule; it increases the 
pull of the flexor tendons causing a flexion of the interphalangeal joint. 
In this position normal action of the lumbricile system is upset. Tlie 
lumbricales flex the first phalanx in the metacarpophalangeal joint, and 
extend the last two phalanges. ^Vllen the antagonists of these muscles are 
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contracted the lumbricalcs are in the position of rcJaxation and soon 
contract in tins position, adding to thelij'peresrtension of the first phalanx 
and partial flexion of the last tVFo phalanges. This is the well-known 
picture of a “clawhand/’ Such a contracture can readier be prevented 
by iminobilizing the hand m the position of function (Kanavel, Koch, 
Mason, Bunnell, and Bodenham),! e , extension (cock-up position) of the 
fvrist, widffexioD of the metacarpophalangeal and interphalangeaf joints, 
and abduction and opposition of the thumb. If contractures have devel- 
oped, the latter should be overcome by conservative methods in the 
form of elastic splinting with incorporation of elastic traction, in asso- 
ciation with occupational and physical therapy, or by reconstructive 
surgery. The latter is quite often necessary iu cicatricial contractures 
from bumsj it is tedious and requires utmost skill. It consists of excision 
of all scar tissue, stretching of tlic contracted structures, immobiliiation 
o/ the hand, end tmnsplantatfon o/sl'tn grafts (Fig. 511) 

Cicatricial coniraelures of the neck obliterate the chin-neck line, causing 
an awkward straight profile. In extensive cases invoKnag the deeper tis- 
sues, chin and lip are pulled on the chest, causing an ectropion of the 
lip and marked limitation of motion (Fig, SIS), The correction depends 
entirely upon the depth and extent of the cicatricial changes. In mild 
cases, i e, the scar being soft and weblike, the deformity can be corrected 
by one or several Z-pIasties. The triangular flaps for formation of the Z 
’ ' ^ » > .» excised 

•r • * 1 par t j 

•ID-thc cbi n-necK Jinc. ami i ne veuica* .... d two \ 

triangular skin flans a rc formed , they arejcflectcd laterally This opens \ 

. • r ' • ' T* T. ^ 

new con,- 1 
I ■ ■ ■ lie entire * 

. ■ able . 

* ~ir thick > 

s ^it gra ft 

SVAIMAnv 

The repair of simple and the correcUon of extensive scars are discussed 
Both tj^ies can be smooth, hypertrophic, depressed, or contracted. 
Suitable methods of repair are described for each tj-pe of sc-ar. EspecJallj 
discussed are the x-arious methods to correct contractures nf the jomts 
and contractures of the neck. Tlie Z-operation is the method ol chwt« 
to brealTup webbing'sears. Contractures due to broad, dense scars are 
repaired by incising or excising the scar, reducing th e contrac tote, an< 
the resulting defect with a skiir graft, or le ss often wjm a fla p. 
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SYMPOSIUM ON SURGICAL TECHNIC 


UADICAL DISSECTION OF THE NECK 
Frantc II. Lahet 

Because we have always had to deal with so many tumors of the neck 
and so many carcinomas of the thyroid, we arc constantly faced with the 
necessity of radicil neck dissection. 

In a recent paper by W. A. Meissner and myself, published in Endo- 
crinology and rea<I before the American Association for the Study of 
Goiter, wo prescnte<l our indications for rodicjil neck dissection in malig- 
nancies of the thyroid, ^\^lcn frank cancer of the thyroid lias occurred, 
has invaded and eroded the capsule of the adenoma it so frcQUently 
arises in, and has involved the parenchyma of tlie thyroid gland, we 
believe that radical and extensive neck dissection should be done, con- 
sisting of removal of all of the internal jugular from the mastoid to the 
clavicle and the removal of the .stemomastoid from its insertion above 
to its alUicliment to the sternum and clavicle below. 

Since many of these patients will have not only carcinomas of the 
thyroid whicli involve tlic parenchyma of the thyroid but also will have 
invaded the lymph no<les, many of these dissections will necessitate not 
only demonstration of the analoinic:d structures such as nerves, vessels 
and muscles, but will i/ivolve the removal of cvtensi\'e glandular metas- 
Uiscs from as low beneath the clavicle as possible, as far back toward 
the posterior triangle as possible and liigh up under the angle of the jaw 
since inetnslalic carcinoma, particularly of the papilliferous variety 
which we used to<»ll aberrant thyroids, will involve regions thus exten- 
sively. It is for this reason that our ciqieriencc with radicsd dissections 
of the neck, unlike many of the e.vpericnces of surgeons dealing with 
^hs^eclions of Uie neck for the removal of sccon.lary glaiul involvement 
m circmom.! of the lij), Umgnc and mouth, will involve the frc<iuent 
removal of large masse> of involved tissue. 
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Wiile we must also do secondarj' dtssectioiis of Uie neck for Up, tongue 
and buccal carcinomas, the majority of our r.ulical dissections of the 
neck Iiave been for carcinoma of the thyroid. For this reason, because 
of the peculiar capacity of carcinoma of tlic thyroul to invade particu- 
larly venous channels, wc must not only include in our radical removal 
wide excisions of the original tumor and all of the nodes, but we must 
attempt to remove all of Uie internal jugular from the mastoid to the 
clancle, together i\ith all of its tributaries into wlncb malignant growth 
could have extended. 



Fig 213 — Note how theche^t is thrown fomaixl by Uie bar shown under the ahouldm to 
Bccotnplisb forwarrl projection of the area lo be operated on However, unless the bar is 
placed well down under the shoulders, thi« will decrease tbe distance between the chin and 
the sternal notch rather than increase it Note Uie exaggerated rotation of the chin to the 
opposite snle from the region to be operated on to inciense the prominence of the slerno- 
mastoid and to project into the wound the structures to be removed 

One of the most important features of radical dissections of the neck 
is anesthesia, and intimately rclatol lo anesUtesia is position. In Figure 
213 IS shown the amount of projection of the neck we have been able 
to obtain m thyroid operations and m operations for esophageal di- 
verticula, by elevation of the shoulder bar placer! well beneath the 
scapulae. Nothing has been more important in facilitating these radica 
neck dissections than the inethoil of projecting the anatomical structures 
of the neck well up into the wound. 

The relation of anesthesia to position is concerned with being ab e o 
have complete control of tbe patient at all times. an cndolraciea 
lube in place, as is cmploj-ed by our anesthetists in all of these patien s, 
one has at all times complete control of the patient so that there 
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obstruction to breathing and no accumulation of mucus because, if 
mucus occurs witliin the tube, the latter can be disconnected from the 
anesthesia apparatus and the mucus removed by suction. If no intra- 
tracheal tube is employed and there is any interference with breathing 
as a result of coughing and movement, the patient may so move himself 
out of position as to interfere seriously with the exposure and ana- 
tomical demonstration of important structures. 

The next most important factor in my experience in dealing with these 
ra<lical neck dissections is the type of incision employed, because unless 
adequate flaps are established as a primary step in the operation it will 
not be possible to obtain what is so important in this type of operation, 
namely, wide exposures above, below and in both directions laterally. 
One nee<ls to be able to carry the posterior incision well back beyond 
the course of the spinal acccssorj* and in front the skin inci.sion must 
often be elevated and carried well over onto the other side in order to 
cxj>ose the opposite lobe of the thyroid to determine the presence or 
absence of nodules within it. In the insert in Figure 214 is shown the 
type of incision commonly employed by so many surgeons in radical 
neck dissections and the one wbicb has served us web in this type of 
radical neck dissection which we liavc to do .so often. With tlic oblique 
incision running from the stcrnoinastoid along its entire anterior border 
down to the clavicle and then turned sliarply backward, it is possible 
to olitain completely satisfactory exposures and at the same time restore 
the skin flaps without undue disfigurement. 

With the skin flaps widely exposed, as shown in I'igure 214, I have 
personally preferreil to start the dissection by demonstration of the 
spinal acce.ssorj' nerve posteriorly. 

'J’hc most important single thing that has aided us in neck dissections 
has been the nerve stimulator, as shown in Figure 215. By means of this 
ajiparatus, which was .supplic<l to us .several years ago by the ncuro- 
Mirgeoris in the clinic, who stimulated our interest in it.s employment, 
it is possible to determine the course ami presence of nerves well before 
they arc actually .seen. When ilisscclions must he done in the presence 
of malignancy, thi.s is of the greatest value. When one reaches the region 
of the obrujuc course of tlie spinal acccssorx' nerve, it is of greatest com- 
fort to he able, with u mihl .stimulating current, to bring about the 
iRipczius contraction that i<lentific.s the course and the direction of the 
nerve \\ell before it is -een .w that precjuitions can be cmi)loyc<I as it is 
illsst'cted out of il.s cour.se. \NitJi the spinal accessory nerve conqdclely 
demoiislRitwI from ^\|ierc it einci^cs under the {wslcrior belly of the 
.stcrnoinastoid, as shown in Hg. 21G, <lowii to the iminl where it disap- 
pears under the c<lge of the Inipezius to become the sulitrapcziiis plexus, 
the dissection can then be carrictl forward just above the clavicle until 
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the c<lKe of the .seilcnus anticus c.in be deiiioustr.ttwl, anr] h k 

the brachial plexus, aiuJ mtenial to it the phrenic nerve running on ib 
anterior surface The plircnie ncri'e likewise can be rle/nonslralcd before 



pali'pufs on nhorn Ihgopemtionhid been donf svveal months pre\»ou.?i>’ 

In tlie above shoun the exposure maite possible by dissecimn beneath the 

skin flap anti viiilc hteral Tetmetjon ?fot« ot “X" tlie report of the s^nna} aere^soiy n«xe 
which can be found, long before the nerve is seen, by jtiraiilaling this region with theiwr'* 
stimulator, thus bringing about contractioa of the trapezius and betr.i^ ing the exact loca- 
tion of the nerve so (fiat it can be delected more »usily Note the rouiplete separation of the 
internal jugular and couiuwk carotiil in front of Iheslernonwstoid to mike easy tiie liaalnn 
of the internal jugular »t its lowest pirtnl 

it appears, if there is any ilouht, by sttHtulatiug the tissue nii the anle- 
rtor surface of the scalenus anlicus with the galvanic oirrcnt slimulalnr 
and watching for contractions of the diaphragm sshich can readily he 
seen through the sheet covering the abdomen. One should he carefu 
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Fif. 215 .— Tlic simulating apparatus employed by many neurosiu-geon^, by means of 
%%bicb the nerves can be identified b^* muscles they contract and their course and location 
determined before they arc actually exposed. 



Fijj 2 ir>. — ^The sternomastoiil has lieeo *es'ere»l, the internal jiiRular ligated ami block 
diisoctioii of the \*es<cU, noiles and fat has been cam'eii iipwartl for the etposure of the 
iiwtfrljing structiires The stiiniilalor is pLiresI upon the spinal accessory nerS'e Note the 
cxpose<l bMchial plexus, the pliienic ner\-e, the suga* an<l the recurrent laryngeal nerve. 
NolehoH- the thyroid gl.md involvcil in malignancy is dissected free from the trachea, 
carriesl upward and the recurrent laryngeal nerve is dissecteil free to the point nhere it 
enters the Larynx. 
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in employing this stitnulalsng current on the phrenic nerve to cut it 
fion-n to a rainimuni intensity since stimulation of the phrenic nerve 
with a high current can produce quite violent cliapliragmatic con- 
tractions. 

With the phrenic nerve demonstrated, the brachial plexus can readily 
be demonstrated likewise with the stimulating current, but there is little 
iikehliood of injuring the brachial plexus in most of the radical dissec- 
tions of the neck since it is at a deeper level than the phrenic or the spinal 
accessory nerve. With the jihrenie ner\'e well tlemonstrateii on the ante- 
rior surface of the scalcuu.s anlicus, the mtemal jugular can be seen 
from belimd Tlie prethyroid, slerooh.voir} anil sternothyroid muscles 
can then be separaterl m the middle line until the isthmu.s of the thyroid 
is well visualizetl The fillers of the stemomastoid are then best severed 
close to their attachment to the sternum and to the clavicle by repeated 
short strokes of a knife rather than by attemjiting to clamp and tie the 
vessels. By this method each small blectling \-es«el in the muscle can be 
picked up and tied with silk and the se^’eruig of the muscles continueil 
until the trunk of the internal jugular vein itself appears The mJernal 
jugular vein having been ulcntifierl and sep-arated from the common 
Parotid, with care to preserve the \'agus, it is then hgaled with a 
double silk ligature and ligated again with a. single silk ligature and the 
dissection is then startcil from below upward and from without inwanl 
This est«ibhshe.s a definite line of cleavage by means of which all of the 
anatoimcftl structures of the neck and the thyroid om be identified step 
by step anti made plainly visible 

With the entire mass of the steniom.i«toid, internal jugular and the 
begmmiig of the lateral neck di'.scction puUe<l inwanl and upward, the 
phrenic nerve dissection can bo carneil up along the scalenus aulicus, 
the fat an<l involved glands overlying the bracliia! plexus can be sepa- 
rated upward, the course of the spinal accessory can be followetl up to 
the jKUiit where the branch is given off to inners’ate the slemomastoki 
and this can bo severed to mobilize the spinal accessory from the sterno- 
mastoid as it is tnriKyl inivani toTRirtf the middle line. As the internal 
jugular is pulled inuunl an/1 the dissection is continued from below 
upward, the common carotwl becomes more and more visible, and as 
the eonimou carotid is pulletl outward by blunt dissection, the inferior 
th;\Toid artery as it passes lieiicath the common carotid is seen and wu 
be ligdteil either c.xternal or internal lo the common carotid in its position 

behind it. u t M 

With the inferior th 3 rot<l arteiy exposed, even though the thyroi 
gland may be involvetl in carcinoma, the recurrent Itryiigeaf nerve can 
be identified in almost es'ciy' dissected throughout its course 

In order lo do a total thyroidectomy, as is so often neces^iary wlien «ir- 
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cinoina of the thyroid has mvolvetl tlie tlij'rokl gland itself and has in- 
vaded the adjacent lymph nodes, it niH be necessary to ligate and sever 
the inferior tliyroid artery so that the nerve, if it runs beneath the artery, 
can be exposed throughout its entire course up to the point -where it 
enters the larynx, and thus completely preserved even though all of 
the thyroid gland on that sirlc be removctl. 

As the thyroid is separated in the middle line from the isthmus, the 
isthmus on the other side is clamped and the bleeders in it are tied, the 
entire thyroid gland is removed, tlic superior thyroid artery is tied and 
all of the tliyroid gland, sternomastoid, internal jugular and areolar 
tissue and nodes of the remainder of the cervical triangle are carried 
upward wdth the dissection. As the dissection finally reaches the divi- 
sion of the common carotid, again the stimulator will be of value in 
demonstrating the presence of the hypoglossal nerve, often even before 
it can be seen, although in most of the cases it will readily appear as it 
crosses the division of the common carotid into the internal and c.vtemal 
carotids at this level. 

With the hy}X)glossal ncrs’c exposed, the entire thyroid removed, all 
of the inferior thyroid artery tied, and the spinal accessory, brachial 
plexus, phrenic nerve, recurrent larjmgcal nerve and liypoglossal nerve 
in view, tlic dissection of the upper triangles of the neck is no longer 
difilcuU. Tlic line of cleavage is continucxl upward, any involvement in 
the submaxillao* triangle is tlioroughly cleaned out, the facial vein and 
artery arc control!«l, and tlie <lissection is carried backward until the 
mass of tissue in one block, as sKon-n in Figure 217, represents attacli- 
inent above only by the sternomastoid and the internal jugular vein. 
The dissection behind the sternomastoid well up to the point where tlie 
spinal accessory' nerve <lis;ippe;irs is completed and the dissection in 
front from the attachment to iheroimisoF the jaw is likewise completed. 
Agjiin, as when the iiitenuil j\ig«lar was previously !ig.ated, the sterno- 
mastoid muscle is gradually severed by short gentle strokes, taking ]>ains 
to grasp e.nch blwleriis it apj>earsin tlic muscle until the internal jugular 
vein is completely idcjitificd and isolalcrl. This structure, as was done 
at its lower end, is ligatwl with double silk anti again with single silk, 
the on tire mass is freetl and the oj>cralionis then completed. AH bleeding 
points are carefully sought for and coutroUtxl, and a rubber dam ilmin is 
placctl in the cenlnil portion of the wound and made to emerge from the 
{K)slerior angle of the lower jmrtion of the incision ns it runs along the 
clavicle. The renuiinder of the wound is closet! with clips, ainl a firm 
Ixmilagc is applictl to bring alKiut.sunicicntprcss\irc to control ooze, but 
nol enough to i7ilcrfcrc with bre:) tiling .since one must rcmeml>er that 
the trachea in this openilion h.as l>een ctniiplctcly harotl ami undue 
pressure u{>on it from Ivimlages can nsnlt in traclical ohslmclion. 
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It 15 wll to employ a silk stitch at tlie angle of the wquikI to make 
cerUiin o! anchoring the skin at this level, bat clips ma^\- be appliwl in 
all of the remaining portion of the wound and, a? in thyroid operations, 
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Fig 'H7~-Th« operation conip/el»>rf, t/ieioOrmat jugufar (igalwt fcefoa anrfatoie, ""/lA 
the sternomastOKl onuclea seiemi beloirant) ahoveand remos'ed 

Xote agaia in ihis dissection, wjth the operation completed, that the spinal accessorj 
nerve w corapJetely m view, the phrenic nerve on the outer edge of the scaJemw 
caponed, the vagus nen-e is freed from ita sheath, the recurrent laryngeal nerve is ViiftAeMp 
to its point of entrance into the larinvand tbehypnptnssal iiene throughout its iraci. .^ote 
the inferior and superior thyronl arteries ligated and sei-ered The smaH Ih^ roi'l gland ha« 
been complete^ removed up to the isthmus on the othee side so that the trachea is com- 
pletely bared 

renioi'ed half on tlio second rhiy and half on the tlnrd day. The rubber 
dam is lo remain in the neck for nearly a week since {In’* ts a large spoor 
and one does not wish to rctmn'c the dram until the skin flap has- become 
well adherent to the underlying structures. 

There is one point about which patients should be narnetl in connec- 
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tion with these radical dissections of the neck. It is impossible, we be- 
lieve, to do these radical dissections of the neck, with comi)lcte removal 
of all possibly involvetl nodes in the regions beneath the angle of the 
jaw, without injuring the submaxillarj’ branch of the facial nerve. This 
is the branch which, as everyone knows, supplies the depressor anguli 
oris on that side, and its injury results in the inability of the patient to 
pull down the corner of the mouth on thftt side wlicn he smiles. 



rig. 318 Pig. 210 

Fig 218 — This photograph shows the i»eck of a p.\lient upon whom n radical complete 
dissection for enreinoma of llie lh>Toid iiivolsang the nodes was done, with removal of the 
intern.'il jugular throughout its entire extent, the entire sleriiomastoid, all of the nodes and 
the eiittre tli> rold up to the isthmus on the left awl the left lobe of the thjroid 

Kote the absence of shoulder drop and only moderate sinking in of the neck on the nglit 
shleascompaml with the left 

Fig 210 —This photograph is that of a >oong girl who also had complete dissection of 
the left side of the neck, the removal of the entire internal jugular, sternomastoid muscle 
and thyroid gland together with iheisthiinis on the left side Is’ote that in spite of this radi- 
ciil dissection there is very little disfigtiremeiit,ns seeiiiiia comparison of both sides 

It lias yirovejl wisp in our experience to warn patients and their friends 
bcforcliand of llic occurrence of Ibis ino<lenitc rlisfigureinenl .so that they 
will not interpret tlic cxplunalion for it after operation as an apologj*. 
We have .statc<l simply that this is one of the prices they must pay to 
obtain the benefits of the Rulicsilness of this operative procwlure. 

Palicnls who have had to have lliis opcRition have been, in many 
instances, greatly worrietl al>o«l the disfigtiremcnt. For that reason wc 
have chosen at random, for ilhistRitivc purposes (Figs. 218 atid 219) two 
patients vho hapj)cne«l to come into the clinic at the time this article 
was being written, two young girls in wliom these radical <lisst‘clions 
had been rione with complete removal of the slcrnmnastoid, the interna] 
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jugular, the thyroui glan<! on that wle anti exposure of all the nerve 
structures anti fascial planes described in this operation. 

One wouhl expect that, as the result of the removal of the sterno* 
mastoid, the internal jugular and the thjToid, there rrould be an un- 
sightly projection of tlie trachea and an un.sightly sagging of the neck 
on that side. Such has not been Uie case, as can be seen in the.se illus- 
trations. ^Yith preservation of all the nerv’c structures there has been 
no (hsabihly of any importance and tlie disfigurement has really been 
of a trivial character. 
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In an experience with IhyrQideclomj- now amounting to over 28,000 
insUinces, it is inevitable that dianges in our plan of the operation 
would occur from lime to lime. There liavc remained^ howe\'er, basic 
principles which in my opinion c.annot be violated if one wishes to ob- 
tain good results. Results may be CJillcd good only when the patient is 
completely relieved of the thyroid comlition for which tlie operation 
was done, only when the mortality is kept, as it must be today with the 
antithyroid agents, well viniler 1 per cent and approaching that of zero, 
and only when morbidity, such as tetany and recurrent laryngeal paral- 
ysis, is largely absent. 

Before discussing the technic of subtotal thyroidectomy, I would like 
to establish certain fundamental needs which I believe will be, perhaps 
not universally but quite generally, ncccptc<) by tlie majority of surgeons 
who have opcratetl upon many jiatienls for thyroid disease. The out* 
standing requirement for a good thyroidectomy, in my opinion, is good 
c.vposure. Wlicn one balances short incisions accompanied by attempts 
to remove thyroifls witliout cutting tlie prethyroid muscle with the 
inevitable handicap which will come from the limitations of e.xposure 
related to these three factors in any large series of cases, namely, re- 
current laryngeal paralysis, tetany and inadequate removals of thyroid 
tissue, the advantage of wide exposures with good-sized incisions and 
severed muscles will be convincingly dcnionslralcd. 

Skin Incisions. — In writing on this .subject some years ago I devoted 
an entire paper to the matter of thyroid incisions, not only because they 
are important from the point of view of adc<juatc exposure but because 
a conspicuous sear, in the minds of most women, means an \insuccessfu! 
outcome of the operation. It is just as easy to place an incision in a loca- 
tion where it is inconspicuous as it is to place it in a position where, 
because it cannot be concealc<l, it is always conspicuous, A goiter In- 
cision .should have two features alimit it to he a good one: (I) It should 
l>c al a level where a .string of I)cads idacc<l about Die neck will natundly 
rest at the junction of the neck with the chest. (2) It should have In it a 
gentle curve of such character, agsdii, us to l>c concealed by a string of 
Iw.nls resting on the neck al the level where the neck joins the chest, 
Jhcrc are some features which a goiter incision should not have, such 
as the following: It },htnild m>l be n .straight Incision across the neck 
!)ccjmsc that can never l>e made inctiwspicuous. It should not Ik: of a 
Imr.-cshoe type because the ends can never Iw conce.dcsl. It should never 
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be hish on the neck because it trW then aiw.ays be ob^^ous. It should 
never be out of hivlsince, that is>, with one end iughcr than the other, 
becsnise it wi!( Ihcti iilwiiys he unsightly 

There have been uwuj. jirojiosals iWl ginler iueisi.nis lie ineusured 
by the wultli of u finger or bj the wiitth of two fingers above the sternal 
notch. 'Jliis is an impractical method of determining the level at which 
goiter incisions should he made. It U impractical because of the fact 
tiiat necks vary in length, that is, m Uic ihstance bctw'eeD, the chin and 
the sternal notch. A Ics-el of one fingerbreadth above the sternal notch 
may be proper in one patient but improper in another. 

Goiter incisions made free hand an<i judgetl by the mil always be 
superior to those attempterl by such mechanical means as measuring 
mth fingerbrcadlhs above the slenial notch. 

>Ye h,i\’c practiced here the plan of marking proposed goiter incisions 
out with the back point of a knife which lightly scratches the skin and 
permits one to visualize where the incision will be and then correct im- 
proper levels, inadequate curves or lack ol balance in the incision In 
certain cases it is even of value to make the impnnl of a point of a heino- 
stat at cither end of the limb of the incision and at a center point and 
then connect them by eye (Fig This has proved a very practical 
point in making incisions at proper levels, with i>roper curves and with 
good lialance 

^ Elevation of (he Skin Flaps. — Another i>oint in goiter incision? is, in 
^ly opinion, the need to elevate the skin, subcutaneous fat and platy'sfna 
in one layer. The easiest |)oinl at winch to elevate the flaps is hetneen 
the prethyroid muscles and the platysma (Fig. 221). This has the ad- 
SMHtnpe of tile lack of bleeding, and the jiartictilar advantage that it 
keeps the adipose layer of tissue between the skin and the platysia.a 
intact. If one elevates the skin fl.ap in the nthpose layer lietween skin 
and platysma, there will be two unilcsirabic fcatxires: (1) prompt and 
marked reaction to trauma as> e\n<lcnced by postoperative edema and 
(2) the development at times of uumeroiis snuH connections between 
the s,k«\ and underlying prethxroiil tissue which will produce unsightly 
puckering and dimpling as the patient swallows. 

The above are but iiimor points in the elevation of the skin flaps for 
.subtotal thyroiilectomy. The all-important one i? that the indsion be of 
sufficient length to permit adcijuate elevation An added 2 or 3 inches 
in a goiter incision that e-isily make? possible the exjrosure of the para- 
thyroids and the recurrent laryngeal nen’cs, together with the 
important anatomical alniclurcs, is a good investment. We believe t a 
all skin incisions for thyroidectomy sbouW expose the entire gland rom 
its most inferior portion of it? lower pole to the most sujxerior portion 
of its upper pole and even a portion of the superior Ibyroul artery am 
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Fiff 9i0 . — Melhrtd of ninrUng three points with the point of a beinostat alonR nhicli the 
aKiii inny he seratclierf with the Lack of a knife point to visuafizc the curve of the irici>ioii 
Tills has proved valuab/e in our hands to Wsuolize the planned incMon so that if it is not 
s.ili«fnetnry, corrections can lie underlakeii before the final incision is made. 


PCAtysma 



vein, llicre will be «h\5iys a leiwlcncy on Ibo part of surgeons lo stop 
Ibc elevatjon of the sldn flip before it has been carried to an adequate 
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he visualized i\.^ oiie obsen’cs in Figures 223 ami 224 jt becomes obvious 
that tlic important nnatoiiiy of tlie thyroid can he demonstrated only 
by the maneuver which I have stressed many tunes m writing upon this 



Fig - Tlw veiiv^ runiniig Wlwwu Uie Ih^TWiJ gland and the mkerna} jujuJ ‘r v«n are 
completely severed, the gl.irij uhfied out of itabei), and the region between the trachea ami 
the common c.irotni fr«e<l m that ifie inferior thyronl arterj and the recurrent {atynseaf 
nerve an- espo-eJ to cien- In (his iRustration m sliown a step which is not done uatil (he 
loner pole lias been tnolul«e«l, but for the purposes of »lemonslralmg the most coonnon 
position in nliidi the upper pamihyroid is found, the superior thjroid pole u shown here, 
denjoRsIrateil as severeil 

N’ote m this dluslratiati the recurrent loryngeat nerve running over the inferior thjvoxil 
artery. Note the rel.itionship of the upper parathyroid and the recurrent laryngeal nerve as 
{tenters the laryuv in a position behind the Urynx where U rests before the superior thyroid 
artery and vein are severed, ami the upper prfenioluUae'l away from the brjn't and innanl 
to expose the pirathyroid 

subject, that is, the severing and ligating of the connections of the veins 
draining from the thyroid into the internal jugular, ^thenever I see a 
thyroidectomy done without this technical step being completed, I hnow 
that one of Iw'o things wiU result. There will he a very bloody field »e* 



TEaiNlC OF SUBTOTAL THYBOIDECTOM Y 


G47 


cause of the venous oozing or there will be only a severing of the top 
layer of the thyroid and that portion which rests in the groove between 
the common carotid and the trachea and the esophagus will be left be- 
hind — an inadequate subtotal thyroidectomy. 



Kip 2-J4. — Metlicxl ofseparoUnpthe upper pole of IhelJyroid from itsattncJiment to the 
larynx; so that the vessels can be completely freed ami a ligature passext arouml them so that 
it does not inclutle any of the apex of the upper thyroid pole. Xote the fingertip pKiced be- 
neath the upper pole to lift it nnayfroni thebryrix. 

This maneuver insures safe ligation of the superior th)ToicJ artery and x'ein and, even 
more important, permits mah<li»ition of the upper pole of the thyroid axvuy' from the 
larynx so that the parathyroid ahich rests against the Inrynt nttd hehiud this lolie c.an be 
fT^ioxcd and preserxTxl. 

Demonstration and Isolation of Inferior Thjroid Artery. — 'With the 
cotnmon carolitl and internal jugular retracted outward, the layer of 
tissue lieUvecit these two vessels anti the trstchea and esophagus can then 
W gently opciicrl by bhmt riisseclioit with scissors tmli! the iK>int is 
rcachetl where the inferior thyroid artery can be visualized as it appears 
from lichind the common carotid nrleiy. 

It is important to rcidire lhal the level at which the inferior thyroifl 
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passed beneath tJjcse vessel-*, dose to the trachea, they are grasped by 
two liemostats below and one hemostat above, anfl severed by a knife 
between the upper one and the lower two, leaving the heinostats behind 
to protect the trachea Two hemostats, as shomi in Figure 235, are 



Fig as — 3fc(/iod of ffra-iping wUfc Aeti)os<«fs in/erior (Ajroid vein and the occa- 
sional thj roKtea jma artery as they enter the lower poJc of the thjToid Note that the tra- 
chea has been coropleteiy hared and, as shown in Figure W3, the recurrent pryTigeaf nerve 
has already been completely exposed «o that there is no danger of including it in the damps 
~ ihi* isthrnTH Note In FieureiSSthat the vessels running tn the loner pole of the 


behind. Will be but a small remnant Not* in Figure W3 also Uisi lut u(ipi.i r-* 
thyroid wjth the superior thyroid m cut and pulled down and tbelowerpoleupmorderthst 
the remaining remnant) marked by the dolled line labeled “line of resection,” svill be but 
a smaH one. 

applied to the veins going to the isthmus in order that a lie may be 
placed about Ihese vein.-! running to the lower poles of the thyroid, one 
hemostat taken off, another tie a^in placed, and the remaining hemo- 
stat taken off. It has been our exiierience that when these veins 
to the lower pole of the thyroid escape from a hemostat, retract behin 
the sternum and produce a hematoma, it is difficult to recover t ein 
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again Aalisfactorily because of the retrosternal lienmloina. For that 
reason we believe the additional precaution of double clamping is well 
worth while. With the veins running to the isthmus tied below and above, 
the lower pole is then detached gentb' from the trachea and pulled up- 
ward, as shown in Figure 223. 

Ligation and Severance of Superior Thyroid Vessels.— The next step 
in the thyroidectomy consists of grasping tlvc upper pole of the thyroid 
(F\g. 222) and so pulling it to the insUle that it can be separated from 
the point where it rests against the larynx so timt the fibers of the in- 
ferior constrictor muscle can be well visualized. If the upper pole of the 
thyroid is pulled away from the larynx tn this way, the blood supply 
consisting of the superior thjToid artery and vein can be clearly seen 
and ligatures placet! about them by the special passer shown in Figure 
254 which I devised a number of years ago and which we have since em- 
ployed continuously. This permits the accurate passing of a No. I 
plain catgut tie about tlie pole so that it is possible to tie these vessels 
well off the thyroid gland itself. This is an important point because un- 
less there is good exposure of the upper pole there nill be occasional cases 
in which the tie includes a portion of the upper pole of the thyroid gland 
so that the knot cannot be shut down completely and there will be added 
danger of its being puslicd off, resulting again in serious arterial hemor- 
rhage postoperatively. Nothing which we liave done has been of greater 
value to us in accurate control of the superior thyroid artery than liga- 
tion and religation of the thyroid gland under direct vision. 

When one visualizes the anatomical situation in ligation of tlie superior 
thyroid artery, it is surprising that more hemorrhages do not occur 
following ligation and severance of this vessel. It is to be recalled that 
the superior thyroid artery is the first branch of the external carotid, 
that it is directly at the carotid bulb where there is a tremendous volume 
of blood thnist as it p.isscs up the bulb into the internal and external 
carotids. If this artery is cut short, there will be a constant tendency, 
owing to the vigorou.s thnist which persists in the ligated stump, for 
the lie to be push«l off — a misfortune which has liappenwl to us in the 
past on more than one occasion and btis responsible for one serious post- 
operative emergency. 

Mobilization of Upper Pole of Thyroid Downward. — With the .superior 
thyroiil vessels ligitcd ami scvere<i, the upper pole of the tliyroid c.an 
now he turacfl downward and inauixl. This make.^ it possible to accom- 
plish » radittd removal of the thyroid. Without mobilization of the 
.superior i)olc doanwanl and inwaitl, it will be jKjssible to jierform sub- 
lolal thyroidectomy only by leaving long .strips of thyroid allacheii to 
the Iracliea and the larj’nx. By means of mobilizing the lower jkjIc up- 
ward and inward and the upper pole downward and inward, the gland 
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can be so compressed tljat only small sections of thyronl will remain 
after subtotal thyroidectomy'. To my mind, thu has played an important 
part in increasing the radicaincss of our subtotal thyroidectomies over 
the later years and so diminishing the incidence of postoperative per- 
sisting hyperthyroidism 

Identification of Superior Parathyroid.— With the upper vessels, 
ligated and the upper pole tumcti down one should, with the aid of the 
Berens-Beebe loupe and goo<l light, immediately begin the search for the 
superior parathyroid which is so constantly present behind the upper 
lobe of the thyroid as it rests against the laryn-c. So constant is the 



Fig — PhotHgTsph ol « hemoslat with the jaws stamped from lip to bttl in onhr tn 

JioJti thjToid tissue f/iroug/iout its extent 

superior parathyroid m this position behintl the krynv where it is pm- 
tocted by the upper pole resting against the side of the larynx that there 
will be only occasional cases m which it will not be possible to identify 
it and preserve it ^Ve have now for a number of years insistwl that 
every attempt be made to id«itify, <Ienaonstr,ite and preser^'c one para- 
thyroid on each side when Mibtotal thyroidectomy is tlone. 

Oullining Section of Thyroid fo Be Removed. — U'ith the tijipcf pok 
pulled dowTi and the lower pole pulled up, n line of liemostats is now 
inserted in the outer surface of the thyroid gland to mark out the portion 
which is to remain behind ns the thyuioid remnant upon winch the p.v 
tient will exist, IVe liave developed over the yc.ars a special type o 
hemostat, as shown ia Figure 226, in which the stampings run from Ibe 
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pofnt of the liemostat completely down to the place where they cross 
for the lock. These have been devcIope<I in order that they may hold 
throughout tlie course of the distances at wliicli they are plunge<l into 
tl)e thyroid gland and avoid jnilling out at the heel of the th 3 Toid which 
occurs with those hemostats in whicJi the markings are only partly 
stamped down the jaws. ^Yith tliis Une of hemostats introduced, an in- 
cision is made along lliis line In tlie domiward direction, not in a trans- 
verse direction, to mark out the section of the th^Toid which is to be 
removed (Fig. 233). 

Resection of the Gland and Suture of Remnant to Trachea. — The 
isthmus is now grasped witli double hooks and hemostats are graduallj- 
inserted between that structure and the trachea until the isthmus is 
mobilized from the trachea, w’hich can readily' be done with a ver 3 ' small 
amount of bleeding. As the Isthmus is freed from tlie trachea, hemostats 
grasp the groove which was originally made in the bod\' of tbe thyroid. 
These, as thc.v are applied, arc severed by scissors until tlie entire lobe 
is freed from tbe remnant which is to be left behind and the isthmus is 
entirely' freed from its attachment to the trachea. As the isthmus is dis- 
sected it.s attacliment to the left lobe is gradually' clampeil until the 
entire isthmus and that portion of the tlij'roid which is to be resected is 
entirely removed (Fig. 227). 

It is to be recalled that at all times during the course of this procedure 
the recurrent laryngeal nerve is visible and one am be certain by fre- 
quently’ identifying it tliat it is not injured. 

All ve.ssels arc now tied and it has been our custom never to tie multiple 
groups of hemostats but to tie each one individually in order that large 
.segments of thyroid tissue shall not be tied in and thus endanger the 
blood supply to the parathyroids or cause injury to the recurrent laryn- 
geal nerve. 

If the line of incision in the body of the thyroid after the identifying 
hemostats have been inserte<l is made in an oblique and downward 
direction, when all of the bloo<l vessels hav’e been tied it will be found 
that the thyroid remnant rein.'iining will fit well against the trachea to 
which it is tlien sutured, as shown in Figure 228. There has been nothing 
coin|Kir:d)lc with this plan which made it possible for us to perform sub- 
total thyroidectomy even in the case of vei;}’ vascular hj’perplastic glands 
before the day.s of antithyroid agents and still be able to close the wound 
witliout dnunage. 

^Yc have eini>l(iye<l double zero phdn catgut sutures which are intro- 
ihiccsl to the c<Igc of the thyroid remnant arul then gmsp the side of the 
larynx and the fascia over the tmcliea so that when the knots are tje<l 
the cut oozing .surface of the scvcrctl thyroid is snugly placed agjunst 
the iRichca for ctuitrol of bleeding (Fig. 228). 



054 


I do not nisi to ■ 
oo'ltrol ael„.„ ™ ^'’o He . 

'• surface 



^'^«7^The ffiM 

repr„entfj,. of fhv> , 

Sob., a, 

Tsr-r 

rests a ' *"obi/iane Ji. ‘sfAmus, 

' “satnal Ho "« He Pemtiy^a be2 J' P"'' ,rom 
«« t*e upperpoieas.-t 



TECHNIC OF SUHTOTAL TlIYnOIDECTOMY 


055 


There is but one technical point to be added to the plan of left subtotal 
hemitbyroidectomy as compare<l with the right. One must be careful 
as the isthmus is elevated off the tradiea and as the subtotal thyroidec- 
tomy is conducted as described for the opposite side to be sure to identify 
pyramidal lobes, to follow them up to the point where they so often go, 
that is the level of the hyoid, and to remove them thoroughly 

I know of nothing which can produce greater disfigurement than le.iv- 
ing behind a pynimidal lobe wliicli later becomes hypertrophied and 
sticks out on the neck like a thumb of tissue It not only is a most dis- 
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Fig. S'JS.— -This lilu^tnition, as seen in other technical descriptions of subtotal tliyrnidec- 
lomy, shows the remnant of tlijTonl remaining which has been sutured against the trachea 
with 0 catgut stitches between the fascia covenng Ihe trachea and the edge of the thyroid 
so that the cut surface of the thyroid with nil of itss-esseNtied issulure<i against thetrnihea 
to control oozing 


figuring remnant but, us a result of Uic hyperplasia, sometimes causes 
recurrence of the hyperthyroidism. 

Retying of Superior Thyroid Arteries. — Witli the subtotal tliyroidcc- 
tomy now complotetl on both sides, both superior thyroid arteries are 
again widely e\posc<l and identified. Both arc graspetl with right angle 
chunps and are rclieil at a higher level than the original ligation with 
N^o. 2 pkuix catgut. This I wouhl stTOngly urge U]M)n everyone who is 
ilealing with subtotal thyroidectomy. It is an additional precaution 
against the jKisdbility of the original lie slipping off and it will give one 
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an added sense of confidence with regard to possible posloperativ’e 
hemorrhages. 

Cfosure of the ^Vound.^ — CfoMire of tiie neck requires little description. 
Pretiiyroul muscles are carefully suturerl witli No. 2 plain catgut, em- 
ploying mattress sutures Gire should be taken not to include too wide 
ends and yet on the other hand to include enough of the cut ends of the 
muscle nilhm the Ochmer ckmp to bold the mattress sutures drmly. 
One must make absolutely certain that the large venous channels run- 



Fig — The oounler inci«>on, first sagpestetl by Kocher, through wh»ch it ns’ the 
practice to bring a drain This has two itisadvantagea (J) the counter incision in the shin 
can never be concealed and (2) the drain passes betneen the fibers of the prethyronl muscle 
so that when it is wUhdrattn the trachea becomes adherent to thesfein and flscenefs and de- 
scends with sn-allowing 

ning on the prethyroid muscles nrc accurately controlled and great pains 
must he taken to inspect wrcfully all of the wound against the possibility 
of leaving behind bleeding points which w'lll result in the accumulation 
of hematomas beneath the skin that will rerjuire reopening of the wound 
This unfortunate complication will occasionally occur in spite of everj 
precaution, but will occur less frequently if one takes great i>ains to 
control uU of the vessels. 

'Chero have been manj' defiafes concerning whether or not theplat.%swi 
should be suturoil. We can only say that wc have never siitiiro i e 
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platysma. \Vc believe that suture material placed in the plalysnia be- 
neath the skin edge adds to wound complications. We do not believe 
that there is any danger of the platysma pulling the scar aj)art and we 
have obtained excellent wounds without the use of platysma sutures. 

For inanv years we have closed wounds with IVIichel’s skin clips. 
Good scars are obhiined, their excellence depending on how painstakingly 
and accurately the skin edges arc approximated. 



Fig 230, — TJiis incision in which the dmiii is brought out through the central portion of 
the wound does not have the dis.tdvniitftge of a disfiguring counter incision but <iocs ha\c 
the disadvantage of the skin becoming adherent to the Iniche.'i wliere the ilrain li.is l>eeii 
p.is«ctl iKtwccn the two sets of fibers of the prethjroid muscle so that it becomes ndliercnl 
to the skin and nNcends and ilcscciids with snollowiiig 

If one leaves skin clips on longer than three days, there will he un- 
sighlly pinprick holc.s atid for that reason half of the clips are taken 
out on the second day and the other half on the third day. There will 
never he any danger of the wi>mid pulling aj)arL, hccjiuse even if the 
patient were t«> vomit or raise his chin, llic j)nll will he not on the skin 
but on the sulurcil prelhyroid muscles anti will cause him t<» >«lt)p llie 
inoveinenl iimnt'di.itcly. 

Use of Drains. — ^Miilc w-e have closerl almost all of our lliyroldcc- 
loniics without dntinage, there liavc been occjisional cases in which, 
because of undesirable oozing or because large adenomas have been re- 
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moved, drainage was neccssarj*. I would like to urge two or three points 
in respect to drainage. One should never make the counterincision as 
shown in Figure 2?9, which was suggested by Koeher, because this will 
produce a scar that can never be <»\'ered. One should never bring a 
drain out to Ibe middle portion of the wound fFig. 230) ; this will require 
it to be brought out between the prclh^'roid muscles and v\hen the drain 
is removed the skin will become miherent to the trachea by scar tissue 
so that it will ascend at«l <lcscend in an un<lc«irablc way upon swallowing. 



Fig 431 — Xtclhoil of introducing tli« dram (hraughthe fibers of lie sternooinrloid and 
bringing il out through the coruer of tlie woutul Thi< permits complete closure of alJ of Ibe 
ptetKyroid muscles m tlw middle hoe aod intecpo«e» » bijcr of ciusete belnwn sWn ami 
trachea so that the latter <ioes not become adhcccnl to the shin nnd produce the unfortu 
nale bobbing up and down the patient swaflows 

In Figure 231 is shown the melbofl that we employ in the 11*56 of drams. 
The drain is brought out through the beUy of the stcrnomasloid muscle 
and to the outer angle of the wound lliis results in suturwl muscle being 
interposeti betuecn Uie entire >.km flap and the trachea. When the drain 
is withdriiuii, the aperture through the slcmoinastoid will close nm 
adhesions will not be e»liibIUhcd between the skin scar and the trachea. 
Thus the disfigurement and undesirable bobbing up and douTt of \ m 
skill upon swallowing, which occurs when drains arc placed in the woun 
in other positions than that shown in Figure 231, will not result. 





MENINGIOMAS AND NEUIEOFIBUOMAS OF THE SPINAL CORD 

Certain Clinical Features and End Results 

Gilbert IIorrax, James L. Poppex, W . Q. Wu P. U. Weadon* 

The purpose of this coinmuniesilion is to present the evperiences of tlie 
neurosurgical department of the Clinic in dealing witli the 

benign, encapsulated tumors of the spinal cord during the past fourteen 
years. Tliese tumors are the extrame<lullary, intradural meningiomas and 
neurofibromas (neurolemmomas) arising respectively from the meninges 
or from a spinal nerve root. 

The first time that such a tumor was localized and removed operatively 
was on June 9, 1887.® The localization was made by Sir William Gowers, 
and the tumor was remove<l by Victor Horsley. The patient was com- 
pletely cured. Since that date many iniHvidiml case reports as well as 
reports of series of cases have been made, and the end results on the wliole 
have been e.vtretuely favorable.'”** Indcc<!, tlie results have often been 
dramatic, inasmuch as many imlividuals have recovered completely from 
paralysis of tlie lower extremities and have been relieved entirely of the 
.severe pain which tliey were experiencing before tlie growth wa.s re- 
moved. 

The .symptomatology of the tumors in question Is too well known and 
has been so frequently discussed that it is not our jiurpose to dwell on 
this aspect in any detail. Suffice to .say that pain following the course of 
a spinal nerve root is one of the prominent and early symptoms in a large 
number of patients, foUowc<I at \'arying interval.s — weeks to years — by 
signs of .spinal cord compression, iKircstliesia, increasing weakness of one 
or more exlrcmitics, and evcnliially paraplegia with bowel nml blailder 
incontinence if the tumor is not rocognizetl and extirjiatctl. 

The material from which the present <!nta were derived was taken 
from the records of CO iiaticnls from whom Cl tumors were removed and 
vorifie<l microscopically (1 piitient had 2 tumors). The jialient.s uere 
observed between January I, I9.‘W, and November 25, 1947, the ob- 
servation therefore varying from one to fourteen years. During this .same 
pcrio<l there were 157 .spinal coni Imiiors of all types verified on the 
neurosurgical service, so that the iiwningiomas and i\curofi\won\as repre- 
sent 38.8 per cent of all the spinal tumors seen on the .scr\'ice. 

Of the 01 tumors with nhich wc arc conccrne<l, 37 or roughly CO per 
cent were neurofibromas and 24 or niuglily 40 percent were meningiomas. 
Tlie various levels at which the two types were found in the cord are 
tntere-'ling. The thoracic region was the most fre(iucnl site for both 
£59 
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varieties, a tota5 of 35 InijioM, rouglt)^' 57 per cent, being located in this 
area, but wbereas 18 or 48 |>er cent of neurofiliromas were so sitviitto<!, 17 
or 70 jier cent of the nicningioitut'i wiTOlved the Ihowcic cord. The next 
most common .site for ncurufibrnina^ was m the Inmb.'ir area, where there 
were 13, in contrast to one meningioma, and there were 0 of each tumor 
type in the cervical region. 

llie sex and age incidence in our group follows that reporteil by others. 
There were 20 males (2 tumors in one individual) and 40 females The 
ages of the p.ilient.s varied from 18 to 71 years. 

The average <lnration of symptoms before operation was twenty-three 
months There were 29 patients svho had hail symptom? for less than one 
year, whereas m 32 the symptoms had been present from one to five years. 
In 6 patients the tluration wn.s not gis'cn exactly. 

MYELOGRAPHy 

In addition to the history, neurologic examination and the usual lum- 
bar puncture .studies, it was deemed wise to do some form of n myelogram 
on 35 patients in or<ler to localize the tumor with more exactness. For 
IS purpose oxygen was used thirty time.s, lipiodol eighteen and panto- 
pie seven 

< RESULTS 

Of the total OO patients, 44 or 73 3 })cr cent were cither completcl)' 
cured or so greatly improvetl that they were capable and useful citizens. 
Twelve other-x (20 per cent of the total) were somewhat improved over 
their preojiemtis’c coniblion, while 3 or 5 per cent were unitnprovwl 
There was one death in the senes. (« patient with recurrent tumor oper- 
ated on elsewhere eight years previously), giving an operative mortality 
of 1.7 per cent 

It is of particular interc.sl to comp.'ire the results of operation as cor- 
related with the duration and the seventy of the patients' symptoms. 

1 Si/mpfom.’i for ihan one year. Among the 22 patients who had 
symptoms for twelve months or less, 9 had severe pain or weakness up 
to paralysis. Of lliexe, 7 or 77 per cent {31 per cent of the 22) were cured 
or greatly improveil, one was somewhat miprovefl and one was imini- 
proved. Of the other 13 who had onlj' shght pain or weakness, IS or 93 
per cent (54 per cent of the 99) were cured or greatly improvetl and one 
was somewhat improved 'ITiiis 85 per cent of all the patients in this 
group were cured or greatly improved. _ 

8, Symjiiorivi for one to jive years. Here the story is quite differen 
There were 32 patients in this group. Ten of these ha«i severe pain or 
weakness up to paraly.sis and none of them was cureti or 
proved. Eight svere somewhat iinprox'ed and 2 were iminiproved. wen 
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ty-two of the 32 patients with long duration of symptoms Imd only slight 
or moderate pain or weakness. Of this number, 20 or 90.9 per cent (62.5 
l)cr cent of the 32) were curctl or greatly improved, and 2 were somewhat 
improved. 

It would .seem to be a fair deduction from all these figures, therefore, 
that if a patient with the type of spinal cord tumor under discussion has 
only slight or moderate symptoms, he has a 90 per cent chance of being 
cured or greatly relieved by the removal of Ids growth no matter how long 
his .symptoms may have been present. Furthermore, 75 per cent of those 
with severe symptoms, if these have !>een present less than one year, 
should be very greatly relieve<l, wbcresis if these severe symptoms have 
continued for one to five years their chances of great relief are extremely 
small, although even then .some improvement may he cxpectetl, 

OPERATIVE PROCEDURES 

There are a few points which should l>c einphasizetl concerning the 
operiiti\'c removal of c.xtrarncdullarj' spinal cord tumors. For this purpose 
wc may consider the neurofibromas situatctl (a) on the posterior .surface 
of the cord, (6) lateral to the cord and (e) anterior to, that is underneath, 
the cord, and secon<!ly the meningiomas which arc attached to the 
dura, particularly along the latcml wall of the spinal canal. 

For all tumors of the types here considered, after they have been 
localized by neurologic measures combinc<l with niyelography when nec- 
essary, we believe that a complete laminectomy should he performed 
covering the area in (lueslion. As a rule this will mean the removal of the 
.spines and laminae of about four verlchnic in onlcr to get adcfjuate ex- 
posure above and below the growth. AUliough some tumors are elouhllcss 
capable of removal using only a hemilaminectomy, v.c believe that there 
is less danger of coni tlamage by biking off the laminae over Ijolli sides, 
ami we have never seen any divihiUty attributahle to the bilateral 
proceilure. 

The bone having been reinovcil by rongeurs in the usual way and the 
ligamcnlum flasaiiii as well as tbe layer of fat over the dura likewise 
excised, the tumor may often he fell as a firm area by palpation of the 
<him if the growth lies on the posterior or i>oslerolateral surface of the 
coni, lliore is aho increased vascularity of the bf»ne and of the dura 
at the level of the tumor, csjKvially with ineningionjas, Hie <lura shouM 
now he opentsi by a tneillaii linear incision, and the ctlgcs of duni are 
conveniently held reln«ele«i by taking a few silk sutures llirougli the 
ilura and cjirrying the sliich out tbrougli the relraclctl muscle, tying the 
silk so that the duni is held firmly refleclfsl. .\s the »hini is being o|>one<l 
it will 1)C seen to be soinowliat adherent to llic surface of the luim>r, 
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from which jt must be carefuMy separated It will likewise be seen that 
there is little or no pulsation of the cowl below the growth, whereas 
normal pulsation is present above it 



SS > ,— XeuTofibroraa latnal to the cord tnwt, the upper end of tJie tumor I'.v 
Irartion sutures p.i?<ed through il and the capsule freed froai the cord by a smoot un 
dissector. One nerve root has been tlividfd 


WJieuil neurofibroma liesoii the<!or»al surface of the cord the problem 
of its removal i.s relatively stnipk. Ilie dehcatc amchuoui membrane is 
easily dissected away from the growth after which it ntaj bewno » in* 
bv lifting up one of its ends with a suitable iustrument ami “ • 
separating it from tlio cord to wliidi il is onlv sliglitlj- ‘ 

root rvill be seen to enter the tumor at some pent and tins root from 
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which the jm^wth arises should be divided l>etwecn silver clips, silk 
licatures or after crushing the root with a heinostal. 

If the neurofibroma lies lateral to the cord and is not lai^ enough to 
have compressed the cord greatly it n»ay often be “delivered” after 
freeing the arachnoid o\*er it by lifting one end orilh a blunt dissector or 
by p^issing one or two silk stitches through the end and using these to 
make traction on the tumor (Fig. ^-J). Great care sliodld be exercised, 
of course, not to let the growilMnake any addetl compression of the cord 



•i33 — Nf un'fibrwKa t.Wr’S a«»dwT«VTth (anlenor) to the cord. Jnfl. the cajv 

suJe of the turtii^f ha* t>een incMd am! its contents evamatcvl by sp<x)n or curet. The cap- 
sule may then be »ill»lrawn without further cs-‘»npres>».n» cr <lajnai:e to the conJ. 


<luring delivery, and if there is any question of this, especially if tlic 
tumor h plump rather than elongatetl, its contents should first l>e rc- 
movctl by curettage, after which the capsule may !>e withdmwn and 
gently seiviratctl fnmi the «>nl and ncighlmring ncr\*c-*. In all cases the 
nerve n>ol from which the growth has arisen mu<l be sacrificctl, but 
even in the ccr-vtcal or lumKir n^on this Icrives only a minor sen-orj* 
deficit, which in any c:i'*e was tlouhtlcss present In'fore ojicmlion. 

In rare instances when the tumor lies Lirgely or wholly undcnicalJi 
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(anterior) to the spinai cortJ its edge must be exposed by gentle retraction 
and then its contents must l»e vcrj’ completely evacnaletl by blunt or 
sharji curels ncconhng to lioft soft or fibrous the growth happens to be. 
Tlie capsule is then nithdeawn without further contusion or compression 
of the cord (Fig SSH) Some tumors will be seen to extend far out into or 
through an intervertebral fonimen, and of course in this case they must 
be followed out as far as necessarj- to complete their reinov’al. There are 



Fig 23i — jreitingUHiia witli Us at(acbni<>nt to the dura IrfferaJ to the cord {a). This 
dural attachment mu?t Lec’tcised with the tumor Silver dips are placed along the vascular 
edges as theduM is incisol (a, b) 


occasional cases of “ifumblwff’'' tumors in the thoracic region, one 
portion of neurofibroma l>eing inside tlic spinal canal compressing the 
card, and the other portion extending through an intervertebral foramen 
into the chest nhere it may attain large size The intralhoracic portion 
must be removed by a secondarj* operation from an approjinate approac i 
ilirough the chest. 

Meningiomas which involve the cord by pressure arise from the con 
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ligiious duni. Their operative remo\’aI in large incasiirc follou-s the meth- 
ods described for neurofibromas except that in addition to removing the 
tumor itself, its dural attachment must likewise be excised inasmucli as 
it contains tumor cells. This is accomplishcil by incising the dura above 
and below the tumor anti carrying the incision completely arountl the 
attachment (Fig. 234). Tliis offers difficulties on account of vascularity 
hut silver clij)s may be placetl along the edges as they are cut, or bleeding 
may be controlled by careful electrocoagulation, avoiding the use of the 
electric current when the dissection is too near the cord or spina) nerve 
roots. The tlural defect should be coverctl with gelfoam. 

After the removal of spinal tumors the cord over the whole area e.v- 
posed should be covered UTth .a thin layer of gelfoam and the dura closed 
with interrupted! silk sutures about a quarter of an inch apart. Tlie mus- 
cles should then be closed with ihrough-and-through stitches of heavy 
silk or silver wire after nhich several further layers of interrupted sutures 
of fine silk should be taken in the fascial layers and in the skin without 
drainage. 
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James L. Poppex 

Surgery of the sympatlietic ner\’ous system has been gathering mo- 
mentum over the past few years, with varying results. As is true of many 
relatively recent types of surgery, lumbar sympathectomies have been 
carried out unnecessarily in some instances. In doing so, liowever, 
reasonably clear cut indications and contraindications have evolved. 
’I'liat the Operation is of great merit in well selected cases cannotbeover- 
emphasized. Many lower extremities have been .saved by timely lumbar 
sympathectomy. 

The indications for lumbar sympathectomy are mainly peripheral 
vascular diseases such as thrombo-angiilis obliterans (Buerger’s disease), 
Uaynaud’s disease, arterial embolism, arteriosclerosis, livedo reticularis, 
chronic ulcers, cau.salgia, hy{>crhidrosis ami traumatic sympathetic 
reflex <lystrophy. The decision as to whether sympathectomy should be 
carried out in a given individual can usually be determined by adequate 
prooperative .studies, especially by a temporary interruption of the 
lumbar sympathetic pathways with a well directed procaine block. By 
this means a reasonably accurate knowledge c/in be obtained ns to the 
efiiciicy of lumbar sympathectomy. Unfortunately, temporarj’ procaine 
block cannot be relied on completely. This is esjiecially true in the 
advanced cases of Buerger’s disea.se and arteriosclerosis. In many of these 
patient.s there may he an element of n.ssociated arterial spasticity which 
is not determined by temporary procaine block. In Buerger’s disease and 
arteriosclerosis more inlormalion may be gained by .subjecting the 
extremities to cold atmosphere; if the temperature in the extremity does 
not fall within a reasonable length of lime, sympathectomy, in all proba- 
bility, will not he of help. In several instances the lumbar sympathetic 
block did not result in a rise in llic skin temperature of the extremity; 
however, by permanent interruption of lumbar .sympathetic pathways, 
a rise in temperature can rcJidily l>c measured ns well as an increase in 
circulation demonstrated by pulsation in a peripheral vessel which was 
I)ul’«elcss before operation. If pain in the lower extremity, caused by 
Iieriphcral vascular disca.se, is not relieved by a procaine block, one can 
be reasonably certain that relief will not be obtained by .sympathectomv. 
It is equally true that relief of ischemic pain Is not always obtained by 
o|)eratioii even though a satisfactory relief .seemed assured by temporary 
procaine sympathetic block. 

I believe that symjwilhcctomy in crylliromclalgia should he ills- 
coiiragcd in all cjiscs. Ccrljiinly in my cxjiericnce patients have com- 
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plainer! more bitterly of burning discomfort after oper.itioii than before 
the sympatliectoinj 

Since lumbar J>yuipathoc(omy can now Ije perfornted m a few iniimtes, 
necessitating only a short ho.spilnl slay, it is justifiable to institute the 
procedure in certain patients with advanced arterial disease in nliom the 
results of iireoperative tests haw been questionable It is important in 
all patients with advanced disease to jierforin an adequate sympathec- 
tomy. In all patients who have Buerger’s disease or arteriosclerosis in 
whom the ojieration is performetl, t!ie first, secontl and third lumbar 
ganglion.s should be reinowl, preferably including the twelfth thoracic. 
It IS equally important to perform a minimal sympathectomy m cases 
of hypcrludrosib in which the upj>er a» well as the lower extremities are 
involveil The disagreeable excessive perspiration that results in patients 
who have hud an upper thoracic and a lutnbar sympathectomy may be 
avoided to a great degree by removing only the fourth lumbar ganglion 
on each side 

Spinal anesthesia is the anesthesia of choice for lumbar symjwthcc' 
tomy. The position of the patient is especially important. I prefer to have 
the patient m a slightly oblique position, as indicated m Figure 235, a. 
A small skin incision, 3 to 4 inches long, is made corresponding approxi* 
unutel^ to the course of the muscle fibers of the external oblique, the 
Incision extending from the tip of the tenth rib The fibers of the extern.'il 
oblique muscles are separated and ke}>t retracted with a small sclU 
retractor. The internal oblique imiscle fibers are then separated, as well 
as the lr«nsvers.ilis Caro must Iw taken in splitting the transversalis 
muscle that the peritoneum is left intact The peritoneum is usually 
retracted by inserting the index and imddie fingers through the muscle 
splitting incision and exerting pressure irith the palmar surfaces of those 
fingers against the {xiriclal surface of the transversalis muscle latemliy. 
The line of cleav’age can readily be followed, sliding gently over the 
inner surface of the (luadratiis Imnboruni muscle to the lateral margin 
of the p^oas major muscle The fingers, are then elevated folloiving the 
contour of the psoas mu.scle medially. ITie palmar surfaces of the tno 
fingers he on the belly of the psoas nwjor muscle, with the pentoneuni 
and its contents displaced mctiMlIy Considerable manipulation may he 
eliminated by in>erting a portion of a dental roll attached to a black .silk 
string with a long forceps to the site where the palin.ir surf.ices of the 
index and middle fingers are firmly kept in contact with the belly of 
the psoas major muscle The fingers .ire removed from the site and the 
cotton roll kept in contact with the muscle or the forceps A Grant blad- 
der retractor is inserted, sliding it gently along the forceps to the point 
where the cotton roll is hehl on the psoas major. This maneuver allows 
the peritoneum to be retractcil medially xo that the psoas muscles can 
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be readily visualized. By gentle retraction medially with the Grant 
bladder retractor, the line of reflection of the peritoneum will fold on 
itself, forming a small white line. Tliis is incised, allowing one to enter 
the proper line of clea\'age. The soft tissues are retracted medially to the 
lateral portion of the bodies of the lumbar vertebrae (Fig. 235, h). The 
lumbar sympathetic chain and ganglions can be readily seen lying in the 
gutter that is formc<l by the roumletl portion of the bodies of the verte- 



Fig. 335. — a, I’osilion of the patient and the approximate site of the incision b, Retrac- 
tion of the Soft tissues inedinllj* and anterinri}'; also the crus of the diaphragm indsed 

brae and the psoas minor muscle. The lino of cleavage is followed 
ccphalad well above the crus of the diaphnigm. TJie latter is split sagit- 
tally, allowing the twellth thoracic ganglion to he removerl if found indi- 
cated. 

llic removal of the symjKilhelic Ininlc and the dissection will be 
greatly facilitated if the rami arc divhlwl before either end of the lumbar 
chain is dividc<I. ^Ihc .sympathetic chain nircly lies beneath the lumbar 
vessels on the left .si<lc; on the right side it occurs quite frequently. 
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There should be absolutely no question in the surgeon’s mind as to 
whether the structure is sympathetic trunk or not, even though at times 
on the right side he may find a fairly long trunk with no intervening 
ganglion. In those instances a fusion of two ganglions above or below is 
always found. Certainly, one should never confuse a lymphatic node 
with a sympathetic ganglion. In the first place they are of entirely 
different color and if the line of cleavage is properly obtained, the lymph 
nodes will be retracted away from the sympathetic trunk and therefore 
give no trouble. The genitofemoral nerve must not be confused with the 
sympathetic trunk. 

It is of importance to the patient that local exploration by palpation 
be performed during everj’ sympathectomy. The lower pole of the kidney 
can always be fell. At times a hypernephroma or other condition may be 
noted. Either the descending or ascending colon can readily be palpated 
for masse.s. 

The incision is closed nith a few black silk sutures. The patient may 
he allowed up the follon-ing day. 

The complications of the proce<lurc arc minimal. It is of great impor- 
tance, however, tliat the patient be informed, if he is a male, that there 
may be a change ii\ the sexual function. Tl^e execution of intercourse will 
be completely normal except that there will be a dry ejaculation in about 
50 per cent of patients. In those patients, of course, sterility is inevitable. 
However, it in no way interfcre.s with tlic act of intercourse. ^Ye have 
foun<l tuj sexual change in the female. 




TECHNIC OF EXPOSING THE FACIAL NERVE AS AN AID TO 
SURGERY OF THE PAROTID GLAND 

Frank D. Latiirop 

Surgery of llie parotid giand, ));uticularly with respect to tiie excision 
of tumors, is associated with the inherent danger of injury to the facial 
nerve. Tlie psychologic effect of a complete unilateral paralysis of the 
face upon the ])atient and, to a lesser extent, upon the surgeon is of such 
a calamitous nature that every effort should be made to prevent its 
occurrence in so far as is commen.siinile with adequate STirgery. 

It has long been a maxim of Dr. J*8ihey, when i)erforming thyroid 
surgery, to isolate and expose the inferior laryngeal nerves in order to 
prevent permanent paraly.sis of a vocal cord. Application of this prin- 
ciple to surgical procedures on the parotid gland would insure the in- 
tegrity of tile facial nerve wlien it is not directly involved bj,’ a patho- 
logic process. While perhaps not necessary or advisable when the tumor 
is small and perijiherully located, observance of this aphorism wlien the 
tumor is large or deeply situated will reduce to a minimum the dangers 
of a permanent facial palsy and facilitate the adequate surgical removal 
of the neoplasm. The latter Is of primary importance if the incidence of 
recurrence is to be dccrea.sed. 


ANATOMV 

The facial nerve makes its c.vit from the skull through the stylomastoid 
foramen ineilinl to the tip of the mastoid process. From this point the 
nerve cour.>*e.s antcro-inferiorly and .'loinewhnt laterally to enter the jiaro- 
tid gland with which it is intimately relalc<l. In the majority of instances 
the parotid gland Ls coin})ose<I of a large .superficial lobe and a smaller 
deep lof>e connectcil by an isthmus between w-hich the facial nerve is 
siluale<l. Shortly after entering the posterior border of the gland the 
nerve divides into it.s two principal coiuponent.s.’the temporofacial and 
cervicofacial divisions, which lie on either .side of the isthmus connecting 
the two lobes of the parotid glan<l. 

The temporofacial and cervicofacial divisions continue to run forward 
and divide belnecn the lobes of the gland to appear along the anterior 
border of the superficial lobe. These secondary branches further divide 
and fan out in the .soft ti.ssuc of the face to .supply the musculature in 
the temporal, zygomatic, buccal, matidibnlar and cervical areas. 

In its course through the .soft tissue of the face, the facial nerve is 
closely associattsl with structures which arc of aid in dclennitihig it.s 
location. The rclatiotiship of tlicse landmarks to the nerve, while viirying 
C73 
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of the operation it is iraporUint that the anterior wall of the external 
auditory canal be closely “hugged” while freeing the posterior border 
of the gland from the external auditory canal and that the dissection 
be directed slightly inferiorly while the |>arotid gland is retracted forward 
with a narrow-bladed retractor such as the “pole” retractor used in 
thyroid surgery in order that the Iwise of the styloid process may most 
easily be lociited. Once the base of the styloid process is visualized the 
dissection is carried along the lateral surface of the styloid process until 
the facial nerve is encountered (Fig. 237). Isolation of the nerve is facili- 
tated by the use of a nerve stimulator delivering faradic current at mini- 
mal intensity. Proper use of a nerve stimulator permits the operator 
to distinguish the facial nerve readily from the tendons and fibrous tissue 



F)g 237. — IlelalionsWp ol facial nerve to sfjloid process 

bands situated in this region. Once the facial nerve is located and isolated 
proximal to the posterior Iwrdcr of the parotid gland, it may be trace<l 
forward through the gland by sharp an<l blunt dissection and retracted 
out of harm’s way while the parotid nco|»Iasni is removed with minimal 
danger of incurring a ])crinanent facia! imUy. 

^^bilc this method of segregating the facial nerve is’ relatively .simple 
when the p.irolid tumor is stnall, its accomplishment is difficult when 
the neoplasm involving the ixirolhl gland is large. In the latter case the 
facLil nerve is more easily exposed anterior to the ])nrotid gland. 

^ Distal to llie ])arolicl glainl the Icmpondacial and cervicofacial <livi- 
M»ms of the facLil licrvc continue to dcciiss.ate ami form a fan-shaped 
network of .sm.all nerves nestled in the adipose and muscular tissues of 
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the hcc. While these branches urc small, ll is not impraclic.il to hicaJc 
one or more of the bninches aiwl, thereafter, trace it backward to the 
principal division of the facial nwve from which it aro^e in order that 
jjcrmancnl ilamage to the facia! nerve might be nvoiijed, 

Tlie buccal branch of the f.»ml ner\'e distal to the parotid gland main- 
tarns a close relationship to the parotid duet If the anterior liordcr of 
the parotid gland is exposed through the previouslv described incision. 
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the buccal branch of the facial ner\*e (Fig. 238). It.s exposure in thi.? 
location is facilitated by emplo\'ing the nerve .stimulator and .small, 
blunt, cun-e<l eye scissors. Tlie former ponnil.s accumte differentiation 
of nerve and the numerous .small blomi vesxeb of approximately the 
same caliber which alwutid in this region, while the latter, nhen re- 
peate<lly inserted into the adipose tissue with the blades clo-^cfl and 
gently opened in such a manner as to “cro.ss-hatch'’ a giv'en area, effec- 
tively frees the buccal branch from the .surrounding soft tissue and per- 
mits its accurate identifinition with the nerve stimulator. 

Once the buccal branch of the facial iicrx’e has been located distal 
to the anterior border of the parolul gland in this manner, it can be 
traced backward undemealb the anterior liordcr of the gland. From tins 
point the anterior Ixirder of the suiierhclal lobe of the parotid gland 
may be elevaleil superiorly and inferiorly to c.xposc the remaining 
branches of the facial nerx-e. With branchesof Hie nerve kept In constant 
view by retraction of the .superricial lobe of the gland, the dissection ts 
currieil posteriorly until the converging branches unite, to continue 
proximally as the cerx-ical trunk. Transection of the istlniius of tin 
gland parallel to the facial nerve permits removal of the superficial lobe 
of the parotid gland together with, in the majority of instances the 
parotid neoplasm. In the event the iwrolh! tumor involves the smaller 
deep lobe of the parotid gland al^o, it may be removed in its entirelv 
by gentle appropriate retraction of the facial nerve away from the ffcifl 
of immediate dissection. In cither ca.se, since the facial nerve is vuy.ji 
ized from the ccrxdcal trunk toils facial arliorizalion, the possibij/f/ ’ 
a f>onnanenl panilysis of the facial nerve is minimized. • 


SUMMARY 

The surgical anatomy of the facial nerve In iLs extracnm;^, 
and the relationship it bears to the parotid gland have been 4 
Specific landmarks with which the course of the facial nerxei, 
associated have been discusscil, asxvell as their value m 
locatlon. . , 

McU,«U foT the foci,. I nerve n'.th resp^l ,, , 

Elnn,! have lK,en Riven, 'n.nrongl. fon».tanly w.lh frot,, 

l»m,il cx,K„nre nf the foci,.l nerve ami a, con.eriuenc. , ,wH 
surpe,.l re.m.v,.! ..t the patholopc proce.., w,', 'he hr 
Bla, 1 ...n,l n, ini, Mire the .langer nf a permanent fooul , flarn„J 




CARCINOMA OF THE EPIGLOTTIS TREATED RY SURGICAL 
EXCISION WITH OPERATIVE TECHNIC 

Walteii B. Iloovnu 

The epiglottis, an ai)j)cn(lage of llic larynx, iimy be llic prinmry site 
of a carcinoma of varying gnules of iimlignnncy. l'\)rljmntely, this ap- 
pendage may he totally removed. If a csircinonm of snmll si/e is ])resenl 
on the epiglottis, no matter what grade of malignancy, if it is believed 
to be confined to the epiglottis, removal of llic lesion on the epiglollis 
with an adequate free margin of normal tissue is indicated, b'ollowing 
the removal the margins slionhl be clieckcil microscoiiically liy the 
pathologist to ascertain whether or not removal has liecn adeiinate. 

It is a well recognize<l fact that the surgical trcalment of cnrcitionia 
should remove the lesion with an a<lc<iuate margin of normal tissue in 
order to insure the complete removal of llic carcinonia. 'I’he miigiiilude 
of the operative procedure dcpeinls upon the size of the lesion, the i>res- 
cnee or absence of demonstrable inclastascs in the regional lymph nodes 
and the organ or organs affecle<l. It is also well recognized (hat car- 
cinomus o! all grades metastasize and the size of tlic ifiilial IcHion <loes 
not indicate whether or not inetastascs have taken place. 'I’here is 
marked variation in the character of carcinomas. Usually, can’iiioiiins 
of the higlier grade by Rro<ler’.s classification mclastaHize earlier and Jiiori' 
extensively. A small tumor of Gnulc III or IV may liuve melaHliises 
that arc much larger tlian the initial lesion an<l it is also Iriic llial a 
tumor of Grade I or II may grow to be of considerable h’v/.c witlioiil 
demonstrable metastase.s. Surgical excision of the lower grade carcinomas 
give.s a higher percentage of cures. 

It bus been my experience that tlic complete removal of the epiglol I is, 
including the aryepiglottic fohl, llic lateral pbaryngoK^piglodic fold 
and even a portion of the false vocal coixls (ventricular bands), can be 
carried out without .serious disturbance in the function of fhe larvfix. 
The opinion has been exprcsscil that it is necessary to relairi the base 
of the epiglottis for adeepuae laryngeal function. However, 'rm-kcr has 
ilcscribwl the removal of the entire epiglottis for carciiioimi ami New 
in a discussion of Broyles’ pajicr ami iu a symposinm on eaiicer has 
described his Irealmenl of cancer of the epiglottis. I I,’ 

phasizc the fact that the tissues of the anterior portion of the larynx 
from the true vocal eonls iqiward, taking the entire eplj^lntij, and the 
tissues of the jireH-piglollic sjkicc along with the aryff)jj,)^,llf^. a 
portion of the false eonls (ventricular lamds) and the laler;,| 
cinglottic folds, have been rcmovcil witl mut seriously infr^f/.'riri * 
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a nonexplosvve mixture and may xveU be a combmalion of mlravenoiis 
jienlothal ami nitrous o.side-oxyjrcn inliaUlion. The patient js dnipefJ 
as for the usual lar^-ngofissnre or thyroid operation. A me<lian line in- 
cision is made from the level of the hyoid bone to the level of the 
cricoid cartilage (Fig. 239, n). Tlic slisscction bares the hyoid bone, the 
thyrohyoid membrane, the thyroid cartilage and tlie cricoid cartilage 
in the median line. All bleeding is controlled. A second incision is maile 
as for the usual tracheotomy or the initial incision may be e\tcmle<l to 
expose the upper three rings of the trachea. The thyroh! isthmus may 
lie separatetl and tied if it is in tlic n'ay Again, id! hlccfling is conlrollwl. 
\n opening is cut in the trachea ami the flexible endotracheal tube with 
balloon cuff is inserted into the tracheal opening and infUteil. The endo- 
tracheal tube is connected with the noncxplosive nitrous oxide-owgen 
mixture (Fig 239, b). 

Tlve next step is the opening of the larynx in the median line. The 
thyroid cartilage is tested for firmness. If it cannot be cut through with 
a knife, a saw is used to make a groove in tlie midline through the thick* 
ness of the cartilage. The thyrocricoul membrane is pierced in tiie inid- 
hne above the cricoid ring with the clectrosurgical needle n ith a bleml^ 
cutting and coagulation current nml is carricil upward in the meilian 
line between the anterior attachment of the true vocal cords A self- 
retaining retractor of the mastoid type is then placed between the cut 
edges of the thyroid cartilage and sepamted 

At this point a pack may be placc<l m the upper end of the trachea to 
guard further against the aspiration of blood into the bronchial tree. 
The base and a considerable portion of the epiglottis can be visualized. 
After the anterior attachments of the true socal cords have been reache<l, 
the incision no longer need remain in the mi<l\inc but is directed laterally 
and upward on e.ach side- If there is any question as to the growth near- 
ing the anterior albachmcnt of the false cord, a portion of the thyroid 
cartilage above the attachment of the true cords may also be reiiio»'e<f 
and the incision is then exlendcil lalcnilly and upward, that is, lateral 
to the cartilage of the epiglottis to both the right and left, giving a I- 
shaped incision. As this incision is cxten<led (Fig. 240, a) the larj'nxcan 
l>e spread open more wnlely, giving excellent exposure -Vny hleeiling 
point may beeleclrocnagulateil, or the vessel caught and tied or suture*! 
As the incisions are extended, the base of the epiglottis may lie re- 
tracted downward with the tissues of the prc-epiglottic space and also 
removed with the epiglottis. Wth the base of the epiglottis and 
lateral attachments freetl, the pre-epiglottic tissues are «letachcfl from 
the hyoid bone. The free lip of the epiglottis, wlncii exten<ls to 
of the tongue, is then caught with a tenaculum and retract e*i (Fig. 349. 
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The attachment to the base ot the tongue is clamped and cut free, and 
the entire epiglottis removed. 



Fig 2l0 — a, The thyroid c.irtilagc is retracted nnd the incision ettended upward on 
each side of the epijtlottis. A tenaculum lias beeiiplacetl in the base of the epiglottis and the 
<li'><ection of the pre-cpiglot tic space beguu- 

b, The free tip of (he epiglottis has been caught uith a tenaculum am! pulled donn, in- 
verting and eserling llie epiglottis, in nhicb position it u cut free from the hjnid and the 
Ihise of I lie tongue. 

Following coinplfle control of bleeding, the wound is clo'-ed by sutur- 
ing the imicons ineinhntne of the base of tlic tongue as near the hyoid as 
it will reach ami by suturing the mucous inemhranc of the fake cords 
ami lateral walls of the pharj'iiv over the tlemided area .«o far as it 
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will reach, Tliis leaves a consHlerable area o{ dcnmlcd tissxie wliicli v^ill 
heal in the same manner as « tonsilUr fossa. If a Ixjvin tube for feeding 
pvirposes was not passet:! before the anesthesia was bej^im, it may }«; 
inserted before closure of the larynfsofissute. The packiuR is removed 
from the upper end of the trachea. Tire pharynx is kept clear of secre- 
tions by the application of suction The muscle and fascia are closwl hy 
interniptcd fine chromic catgut sutures, the subcutaneous tissue nitli 
fine plain catgut and the skin -with or dmnol. The baWoon euR nl the 

endotracheal tube in the trachea is deflated and the tube withdrawn, 
suction is applic<l to the tracheobronchial tree and a tracheotomy tube 
(Ko. 5 or 6) is inserted A snug dressing is appUe«l with an elastic t)and- 
age to the area oi the larjuix. 

POSTOPERATIVE COURSE 

At the time of operation and following the surgical procedure, anti- 
biotics are given. The Levin lube js left open for aspiration and intra- 
venous fluids are given for the first twenty-four hours. At the end of this 
period tube feeding is begun. By the fifth day the traclieolomy lube, as 
a Tulc, can be pluggeil and the p;\tictit is able to breathe tliroiigli the 
latj*nx The snug dresdng is kept over the incision, the sutures being 
removed about the fifth day and the dressing about the eighth day. The 
use of a pressure dressing prevents the blowing of secretions and foreign 
material into the wound on coughing or swallowing. Uealing is quite 
rapid. Swallowing is allowed on the eighth or ninth day and if no difli* 
cuUy ensues from leakage into the trachea the Levin tube is removed. 
Most patients can be discharged from the hospital about the tenth to 
the twelfth postojier.itive day. 

REPORT OF CASES 

Table \ sununaiiies the data on 5 palienls who have been oiwnitc<l 
on since October 1, 1945. All of these putieuls wore males. As a pos^^hk’ 
ctiolo^c factor, 3 were very lieas-y smokers •, the other 2 smokcil more 
than .n'crage. Tlie youngest was 49 and the oldest Co year^ of age- 
S\.Tnploms referable to the throat had been present from one month to 
three years previous to operation The complaints were pain in the 
throat in 3 cases, hoarseness in 3 cases, dysphagia in 2, dyspne.i in I rll^e 
and weight loss in 1. Xone of the patients hail syphilis. 

One patient did not have previous trealnient before coming to tlw 
clinic. The other 4 patients had treatments, 3 by their local nose am 
throat specialists. One of the 3 (Case 1) had two biopsies and nine 
roentgen treatments elsewhere without apparent improvement and 1 jw* 
tient bad been under our own observation for a period of four years or 



TABLE 1 — Sl'MMVRT OF CvSES* 



In a\l cases serological fiii<iings were negative and cervical nodes were not involved. 
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Fig 'i*! — Kpiglott(» feiut/Vfd m Ctn^ 1 Photograph UWn three jear# after oper* 
nimn after hxation in formalin 



Fjg ? — KpiglnWis removed in Ca«e 3, fresh 'poeimen 

a knoRB carcitiniiia of tke !.ir>’n\ whidi Iw<l i>ceii treatpd wth roenlgen 
rays. Tbe entire lesion had disappeareil. An area rccttrred on the epi 
glottis for -which biopsies -were taken on fwo occasions an<l a dwgnoor 
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of papilloniJi made. Four years after treatment the area took on a cliangc 
with some induration, and biopsy at this time revealed early epidermoid 
carcinoma. Grade IT, arisinp in papilloma. The epiglottis was llicn 
removed. 

One palicnl was in (luile gooil geneiul phy.sical condition; a second 
was in (piite good condition other than considerable arteriosclerosis with 
calcification of the arteries of his legs and of the aorta. One had a throm- 
bophlebitis of the right leg; another a mass in the chest, i)robably asso- 
ciated with an old injury, as a result of a slabbing in his twenties. Ilis 
blood pressure was IGG mm. of mercury systolic aiul 80 mm. diastolic. 
One patient was in jioor general comlilion with diabetes, obesity, arthri- 



J-'ig Snj,— KpiKlolti' mm>ve<l in Ca’-c 5, fresh specimen 

tis and mild h\'|)erleusioa. This jailicul (Case 1) was so dyspneic from 
the obstruction that a Irachcoloiny was necessary before further work 
could he done. 

A biopsy was carried out on all jailicnts before the cj)igIottis was 
removed. The bioj)sy in one patient rcvealetl early carcinoma arising 
u\ the pa])il!oma. A .second .showed carcinoma too necrotic for classifica- 
tion. llic other J} revealed epidermoid carcinoma Grade II on biopsy. 

After removal of the epiglottis, the maigin« of the specimens %verc 
■slndietl for coinjilotcncss of removal. The ciirly carcinoma arising in the 
pa]>ilU)ma provtwl to be early epKlcrnioid csircinoina. Grade I. The car- 
cinoma loo necrotic for classifiaition pnivetl to be Grade III. One car- 
cinoma which was Gnule 11 on the biopsy was revealed liy the entire 
S 
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specimen lobe Grade III. The rcmatnin^ two were Grade II on cxamU 
nation of the entire .specimen as well as on the biopsy. 

None of these patients showed cei^dcal melasla&es at Die time of 
operation an<l so far only one of them (Case 5) lias sliowii cervical metas- 
tases. A complete dissection of the right side of the neck hus been done. 
These patients mu.st be carefiillj’ followed anti, shonhl metastascs occur, 
a dissection of the neck should be carried out. 

In Case 4 there was a tiucslion of adequate margin and this patient 
was given a full enurse of roentgen Ireatraent after remos'al of the ejn* 
glottis 


COMMENT 

Five cases m which the technic tlescribetl was cmployetl are cited as 
evidence that tlie entire epiglottis can be removed without .seriously 
interfering wiUi the function of the Urynx. Tlie first case, an elderly 
obese farmer nnth arteriosclerosis, diabetes and markeil laryngeal oh' 
struction, demonstrntc.s that use of this prorethirc can lie e.vtendpd to 
include even a poor risk p.atienl It lias been my experience with car- 
cinoma of the epiglottis that melastases have occurred in the neck and 
have not occurre<l in the larynx itself, the larynx being involved only by 
direct extension from the epiglottis. Therefore, it seems hardly neces- 
sary to remove the larynx unless the lesion ha.s extended into it as well 
ns on the epiglottis It is true that when the lesion is in the nudlinc, one 
docs not know to which aule melasla.ses will occur, and they may occur 
on both sides It is probable, however, that carcinoma will metastasire 
more often to the side on which the epiglottis is most involveil. There- 
fore, when no evidence of mclabtases can be found it is ju-itifiable to 
remove the epiglottis and keep ft careful follow-up on the patient for 
evidence of metastases into the neck. Should metastasis occur, dissec- 
tion of the neck is in order. In Cases 4 and 5 had the original biopsy been 
reconled as Grade III (and a very generous specimen was obtained), much 
more radical operative procedures could justifiably have been carried 
out, that is, the biJateraf compfete hfock dissection of the neck. Oa Ibe 
side most involved, thus should include all structures from the skin to 
the vertebral fascia from the clavicle to the base of the skull and floor 
of the mouth, from the trapezius across the midline of the neck, spiring 
the vagus and hypogIos.sal nerves, the common and internal carotid 
arteries an<l the brachial plexus. On the less involved side the jugular 
vein may also be spared. The larjTix is temove<l with the body of the 
hyoid bone, the pre-epiglottic space and the ribbon muscles of the neck, 
leaving the thyroid gland. 

Such complete surgical dissections are necessarj- in ads'anced laryn^ 
carcinoma and in carcinoma of the higher degrees of malignancy, i® 
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criticism that the treatment in Cases 4 ami 5 was too conservative is 
justifiable. Complete dissection was performed at the first evidence of 
metastasis in Case 5. 

SUMMARY AND CONCLUSIONS 

A method is described for removing the epiglottis by combined laryn- 
gofissure and subhyoid phuryngoloniy, v^hich is suitable for carcinoma 
limited to the epiglottis and without evidence of metastasis. 

Five reported cases demonstrate that the complete removal of the 
epiglottis does not seriously interfere w'lth the function of the larynx. 

For carcinoma of the higher grades of malignancy involving both the 
epiglottis and the larynx, or any advanced carcinoma of the larynx with 
metastasis, surgical removal must include block dissection of the neck 
and the larynx. 

An opinion is expressed concerning the value of radiation therapy and 
the value of surgery in cases of carcinoma of the larynx. 
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THE TECHNICAL ASPECTS OF ESOPHAGEAL SURGERY 
Herbert D. Adams 

In a symposium on operative leclinic' in 1942, 1 reviewed some of the 
technical aspects of esophageal surgery. At that stage of its <levelopment, 
lacking the protection afforde<l by penicillin and streptomycin, witli 
the exception of the cardia and lower end of the esophagus, we were 
struggling with cumbersoTue, inullislagetl and highly unsatisfactory 
antethoracic esophagoplasties. In marke<l contrast, today we can resect 
the esophagus at any level and reestablish the continuity of the gastro- 
intestinal tract. The technical aspects ami sjifely factors in these proce- 
dures arc now so well established that it is feasible to do even palliative 
resections with as much facility as at other levels in the gastrointestinal 
tract. In addition, considerably greater varieties of lesions of the esoph- 
agus are now being treated surgically, with con.stantly improving opera- 
tive technic. 

Since most of the important surgical diseases of the esophagus are 
obstructing in nature to some extent, there arc common symptoms of 
varying degrees and combinations of <ly.sphagia, regurgitation and sub- 
.stcrnal pain and distress. These symptoms are of great significjincc since 
they are frequently causetl by stich important clinical diseases ns di- 
verticulum, cjirdiospasm, c.sopliagitis, stricture, benign tumors and 
carcinoma. Such patients, therefore, <leserve careful roentgenologic 
studios and esophagoscopy, if in<Iicate<l, since an early diagnosis and 
early treatment arc essential for good results. Tlie diagno.sis liaving been 
established, most of these lesion.s arc now amenable to surgery, with 
uniformly good result.s. Some of the more important technical aspects 
m the management of thc'^e obstructing esophageal lesions are, there- 
fore, prc.sented. 


DIVERTICULA OF THE ESOPHAGUS 
Diverticula of the esophagus are common and are classified into the 
traction and pulsion types, llie traction type of diverticula is usually 
found in the midlhoracic csophagxis in relation to the hilar structures 
and rarely reaches a size signifiaint to cause obstructive symptoms. 
However, the inflammatory pn>cc.ss, usually arising in hilar nodes, which 
•hiring the healing and retraction stage produces the oulpocketing and 
diverticulum, occasionally involves the entire wall of the esophagus 
with a resultant progressive obstnictioii owing to .strictnring of the 
esophagus rather than to the effccl of the diverticulum. In this case, a 
high transpleural resection of the esophagus is necessary, unth an esoph- 
COl 
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agogastric anastomosis ui»ve the arch of the aorta. The technical as- 
j)ccts of this procwlure s\i!l be discussed more fully willj reference to 
carcmoma at the various levels. 

The pulsion type of diverliciiliun is amimon, jiarticularly in the crico- 
pharyngeal region an<l in the lower thir<l of the llioracic esophagus, and 
usuallj’ reaches u size sufficient to produce obstructive symptoms. In 
this type of diverticulum, the dependent .sac reaches such a size that, 
when filleil with food, the weight is sufficient to angulate the esophagus 
at the neck of the diverticulum so that the lumen of the esophagus imme- 
diately below this point is -conipletely obstructed. Because of the great 



Fig 914 — First stage i!i«ecfioti oC puUion «li>ertic»iluni of the cervical esophagus Sac 
U elevated and sutured to the edge of the sternohyoid tnusek 

hazard of mediastinitis before the advent of \ enicillin, the c^ophago- 
pliaryngeal pulsion diverticula were best operated on by a two-stage 
procedure. At the first stage the sac sras freed, elevated and usually 
sutured to the .sternohyoid muscle, nliich overcame the esophageal oi>- 
strtiction, allowed free dniinage from the sac and sealed off the fasci.d 
planes leading from the cersdeal region into the mediastinum (Fig. 244). 
At the second stage, about a week after the primary stage, the actual 
resection of the sac was carried out. Also Iwfore pcnieillin came info 
use, 3 patients with large pulsion dUcrlicula of the lower thoniclc esoph- 
. agiis were operated upon but at this level the sac "as carefully frc^l 
up and the apex of it sutured as high as possible, suspeinhng it to I ic 
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mediastinal pleura. This diverticulopexj' without subsequent resection 
(Fig. 245, a and 6) gave very satisfaclorj’ results without tlie danger of 
mediastinal or pleural contamination. Since antibiotics became avail- 
able, these large diverticula of the lower third of the esophagus have 
been resected in one stage. The diverticulum is carefully mobilized, 
preserving the muscularis fibers encircling the neck of the diverticulum. 



Fir. '245 — a nnd t, Divcrllculopcxy of Urge pulsion diverticulum of the lower thoracic 
esnph.TRu.?. <l 

e, d and e, One st.ige re.section of puldon •liwrticulufn of the thoracic esophapui (Ile- 
printetl from J. Thoracic Surg. 17: 042 JOct 1 1948.) 

The most im|K>rtant technical deUiil of all is to avoid loo much traction 
on the s;ic at the lime the clamp is places! across the neck in order not 
to remove too much mucosa opposite the neck of the diverticulum, 
thereby narrowing the lumen of the esophagus and stricltiring it at this 
l>oinl. A thin clamp is pl.ice<l across the neck, the sac rcmove<l heyond 
the clamp (Hg. 24.>, c, tl and e). The cininped edge is then uhippcsl over 
TvitU a couliiwmus clmimic MJlnre and a relatively aseptic closure 
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made in this manner. Tlie carefully preserved muscularis layer dissected 
from the neck of the sac is then closed with interrupted silk sutures. 

It IS also important to be aware of the fact that in at least half of these 
cases of large obstructing pulsion diverticula involving the lower third 
of the esophagus there is an associated intractable cardiospasm with 
advanced cicatricial stricturing of the cardia as well. If this is not recog- 
nized and the diverticulum alone trcatetl, the obstruction, of course, 
will not be relieved .iiul it will become necessary to reoperate on this 
patient and resect the eardia In patients who liave both a large pulsion 
diverticulum and canlial stricture, it U best to resect the cardia and the 
esophagus to above the neck of the <liverticuluin and then do an esoph- 
agogastric anastomosis at tliat level The technical aspects of resection 
of the lower esophagus will be discussed later in this paper. 

CARDIOSPASM 

Cardiospasm alone is a conuuoii obstructing lesion of the esophagus, 
and is seen with all degrees of cardial structural changes and esophageal 
dilatation It is true that a large proportion of these cases, and particu- 
larly those without extensive cicatricial stnctiinng of the cardia and 
marked dilatation of the c.sophagtis, can be managed by dilatations 
However, if for a variety of reasons dilatations nre unsatisfactory, these 
patients should be sulnnittcil to surgery If one is dealing primarily 
'with cardiospasm without much associate<! cicutncial stricturing of tJie 
cardia, then a cardiophsUj will give goo<l rosnU.s An incision is made in 
the long axis of the lower end of the esophagus on the funtlal side, carry- 
ing It through the cardia an<! out onto the fundus itself Tins incision is 
then closed transversely, thereby satisfactorily enlarging the cardial 
aperture (Fig, 246). In the patients in w'hom there has been marked 
replacement of the cardia with <lense scar tissue and ii true stricture ha? 
formed, and in those patients in whom there is marked mega-c?ophagus, 
howev'er, tliis is not a s.ilisfaclory procedure and the lower end of the 
esophagus and the cardiii must lie resected and an esophagogastric 
anastomosis made. In some of the cases of extreme mcga-csophagus fill- 
ing the greater part of the chest the greater part of this Micculaled 
esophagus must be resected an«l a high esophagog<istnc anastomosis 
made. Some of these patients will reriuire ii simple gastrostomy in order 
to improve their nutritional condition and to clear up the infl-unmatory 
process and infection within these huge sacculated dilatations before 
resection. 

STRICTURES OF THE ESOPHAGUS 

Patients with advanced strictures of the esophagus, whether due to 
the ingestion of caustics or to esophagitis from infection and ulceration, 
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or the esophagitis associated with the ulcer diathesis and duodenal ulcer, 
must likewise be treated by adecjuale resections. The extent of sucli 
resections would depend entirely on the level to which the esophagus is 
involved and the technical aspects at these various levels will be de- 
>cril)ed later. 

TUMORS OF THE ESOPHAGUS 

Finally, the most common obstructing lesion of the esophagus is 
tumor. Such tumor involvement may be an extension ami secondary to 
involvement of the esophagu.s from some otlier organ in close relation- 
ship to it, such as the bronchus, or it may be primary in the esophagus 
itself. The commonest form of primary tumor of the esophagus is car- 
cinoma, although occasionally a benign tumor is seen. Because of their 



rarity and their amenability to cure, benign tumors are of considerable 
interest. They consist of csopliogenic cysts, polyps, fibromas and leio- 
myomas. They arc of tecliiiicd interest since they rarely require an 
csojihagcal re'-cclion. The esojdiagus at the level of the tumor is carefully 
mobilize*! so that the <lisscctinn of the tumor can be carried out under 
direct vision (Fig. ^947). The filiminas and Icioinyoinas are intramural 
an<! cncapsulatcfl ami can be cnrefully dissected out of the muscular wall 
of the esophagus without extensive ilajnage to the nuiscularis and 
usually w-ilhoul opening the mucosal layer. The nuiscularis is then care- 
fully reconstructed with fine intermpted silk .sutures. If the tumor is 
pcslunculatetl or mainly iitlmluminal, the base can be c\cise<l, thereby 
opening the imicos;i. All layers niiist be cjircfuHy rc.ipproximatcd with 
fine intcrniple<l .silk .sutures. 
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Esophageal Resection. — Carcinoma of liie esophagus is %’ery common 
and if the diagnosis is made at an opentUc stage it can l)e safely resected 
at any level, including the suiwnor ihorsicic (.frail, and the continuity 
of the intestinal tract reestablished by displacing the stomach lliroiigli 
the diaphragm into tlie thorax for an esophagogastric anastomosis. All 
patients in whom esophageal resection is contemplated for any of the 



lumor. 

variety of lesions described must be carefully prepared before operation, 
particularly if they have lost considerable weiglit and are in a poor state 
of nutrition. They should be given multiple transfasions and intravenous 
glucose and amino acids to supplement wlialever nourishment they are 
able to take by mouth. The mflammatory reaction wliich is usualb' 
associated oath these lesions should be treated during this time by a 
ministration of 300,000 units of cry&ticininfpemciUin plus proc3ine)ls'ic^ 
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daily. Il is also preferable to have these patient.s come to the operating 
room with a Levin lube do’vs’n to the point of obstruction. 

These patients are operated on in the lateral position under endo- 
tnicheal oxygen-ether anesthesia. 

Lesions in ihe Cervical Esophagus or the Superior Thoracic Strait . — 
A low cervical incision is made to dcteniune operability and to free up 
this portion of the esophagus down into the superior mediastimiin. If 
the lesion has not extended to the carotid sheath and cervical nodes, 
or the mediastinal structures, or the membranous portion of the trachea 
and can be freed up satisfactorily, the thorax is then opened by a poster- 
olateral incision, resecting the sixth rib and cutting the fifth and seventh 
ribs behind the angles, close to the transverse process. The mediastinum 
is then opened above the arch of the aorUi and the esophagus at this 
level mobilized and carried up to the level of the dissection from the 
cervical incision. tVith the lesion mobilized from above and below, the 
remainder of the esophagus is free<l up from the mediastinum, the dia- 
phragm opened uidely, the gastrosplemc and gastrocolic mesenteries 
are then opened into the lesser omental space, tlie sliort gastric arteries 
are divided and the greater curvature of the stomach mobilized well 
down toward the antrum and pylorus. The cardial attachments below 
the diaphragm are mobilized and the gaslrohcpatic mesentery, including 
the left gastric artery, are then secured and divided down to the pyloric 
region. The e.sopliagus is divideil immediately above the cardia and the 
airdia closed. The inner end of the left cluviele and first rib are then 
resected and the fully mobilized stomach passed tninsthoracically into 
the neck for an anastomosis between the cervical esophagus and the 
top of the fundus of the stomach. The detail of .such anastomosis is the 
same at any level, that is, a two-layer anastomosis entirelj' of interrupted 
sutures. The esopluigus is transected below the lesion, never above the 
lesion, because of the marked rclnielability of the esophagus, until the 
posterior row of sutures is made between the esophagus above the lesion 
and the lop of the fundus. An opening at the approjiriate point is made 
in the stomach and the po.slerior wall of the esojihagus. The second row 
of interrupted fine .silk .sutures is placed including all layers of the c.«oph- 
agcal wall, with careful api>ositioii of the esophageal and gastric mucosii. 
The esophagus is completely lranseclc<l at this level and the interrupted 
layer conlimie<l around to the anterior portion of the anastomosis and 
finally the first musculoserossd layer is likewise completed anteriorly. 
1 he cervical, mediastinal and thoracic areas are then sprayed with peni- 
cillin solution and the wounds carefully closed, leaving a small renrosc 
<lrsiin in the cer\ical wound and an intercostal aithctcr within the chest 
for suction dnuuage. 

Lesions in the Upper .Thoracic Portion of the Esophagus. — For lesions 
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in this })osition in relation to the arch of the aorta and the hilar struc- 
tures of the lung, a similar type of transthoracic approach is can'ie<l out, 
the metliastmal pleura is opene«l below the arch of the aorta down to the 
(Uaphragm, the lower part of the esophagus is mobilized and retracted 
out of the mediastmum and a es>rcfu\ dissection is carried up toward the 
iiilar structures By careful manipulation an<l dissection tiiese structures 
can be freed from the esophagus under direct vision, avoiding ihimape 
to the inferior pulmonary vein or the bronchus. In many instances at 
this level the mediastinal pleura of Ihe opjwsite thorav is adherent to 
the lesion either hy ihrect extension of the carcinoma or liy an associalcil 
inflammatory process Even if this pleura has not been involved by these 
processes, it is still so very thin that U is advisable to dissect it from (he 
esophagus under direct \dsion in order to avoid opening it. If the pleura 
of the opposite thora.x is ojicned it mil Ixxrome neces^iry for the anes- 
thetist to carry on the remainder of the operation with positive pressure 
which in turn partially reexpands the lung in the left thorav, niahing 
it more difficult to obtain a gocxl e.vposure for the delicate dissection 
necessary and for the anastomosis high in that thorax. II this pleura is in* 
volved, however, it should be exciscil, after a turning to the anesthetist 
so that he can apply positive pressure and avoid producing a pneimio- 
thorax of any untoward <legrce on the opjiosile side. If possible, the 
•nediaslinal pleural opening into the other Ihonix should he closwl with 
flue uiterruptcil silk, altiiough in many instances the pleura is so (hin 
that it IS impossible to do so, and the positive pressure must he main- 
tained throughout tlie procedure. 

After the lesion is freed to alwvo Ihe hilar structures, the esophagus 
must then be carefully frcetl from behind the arch of the aorta The 
ineeliastinal pleuni is opcneil above the arcli and the esophagus freed 
at this level. The diaphragm is opencil and the stomach mohilizeil as 
jiresiousb described. The esophagus is transcctwl at the cardia and the 
cardiu closetl, the lower transccteil end of the esophagus is tied off with 
a heasy brauled silk and the end covered with the thumb from a rubber 
glove and tieil firmlv over the end. 'The c^sophagus and the lesion are 
(virefullv dis])lac«l upwanl behind the arch of the aorta and pulleil out 
from aliove the arch and traction is inaiiitaineil on the esophagus until 
the posterior row*, of the anastomosis are coinpleleil as described, the 
anastomosis being made above and anterior to llie lesel <»f the arch of 
the aorta (I'lg. 248). 

It is imixirlant to realize that in the'*e higlier re-ections there is a 
marked physiologic disturlMncc which is of great significance in 
postopcrati\ e nuinagemcnt in these cases. There is ulinosl total dis- 
placement of the stomach into the thorav, the stomach it.«e!f is exten- 
sively dcnervatcel by a high vagotomy, there is a marked reduction and 
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(listurbaiice of the blood sujipU’, and it is therefore prone to dilatation 
as it lies across the pericanlium. If such a dilatation in this particular 
])osition is allowed to take place, there will be severe cardiorespiratory 
disturbance ^hich may be so profound as to cause the death of the 
patient. Therefore, at this level a I^vin tube, whicli is placeil do^\ii to 
the obstructing lesion befoie opcnition, is juissed through the anasto- 



tiR ilS — p'iopli.Tffpal rescclioti with eM>pliagop>stric aii.istnmosis superior and 
niilerior to the arch of the aorta. 

mosis at the time of completing the anterior rows of the anastomosis to 
the level ol al>oul the mid .stomach opposite the pericardium. This tube 
is kept on suction for three to four <lays following operation and the 
stomach not allowc«l to iiilatc at any time. Contrary to past teachings 
\\v have not .seen any complicjitioiis arise from such a tube lying across 
the line tif aiia.stomosis, producing or contributing to a breakdown of the 
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anasloniosis. These patients must be carefully watched, and all signs 
of disturbed cirdiac or jmhnonarj- dynamics should be corrected. All 
patients subjected to esophageal resection receive Urge doses of pcni> 
olJin, 100,000 unit5 es-cry three hours rJuring the htmefhate fjostopera- 
tive stage and then the crysticilUn, 300,000 units twice a day if no signs 
of infection develop Those {Mtieiits in whom the opposite mediastinal 
pleura has been opened must be «'atcl\«! with particular care, being 
certain at the close of the operation tliat the lung on the opposite side 
IS fully expanded. A thoracentesis sfinufd be done if the lung does not 
seem to be properly expanded This side, of course, must be watclieil 
for further signs of pneumothorax or effusion, since these jiatients will 
not stand even moderate degrees of increased pleural pressure in either 
thorax 

Lesions of the Lou'er Third of Esophagus and Cardia . — Patients witli 
carcinoma or lesions of the lower Ihirtl of the esophagus and cardia are 
likewise firejiareil in a similar manner and operateil upon through a 
posterolateral incision, usually removing the seventh or eighth rib and 
cutting the nb immediately below, behind the angle. The lower esopli* 
agus is mobilized, the dmphnigm opened and the upper part of the 
. stomach mobilized as alrcaily desenbed and, since m most instances it 
is necessary to excise part of the slonwch, including the cardia, the 
Vesulting opening in the transected stom.ich is usuallj considerably 
hirger than the esophagus# aboi'C the lesion- The accepted method is to 
close this opening and to make another opening in the stomach as is 
done in the higher resections. It has been my experience, however, tliak 
the cardial lesions frequently rectuire resection of a condderable portion 
of the stomach ami to a greater extent along the lesser curwturc side. 
Under these conditions / h.is’e repeatedly closed this long oblique open- 
ing m the stomach, leaving only an a<lcquate aperture on the greater 
curvature side at the end of this closure for the anastomosis with the 
esophagus (Figs 250 and 251), In spile of the past teachings that 
an anastomosis in a suture line is undesirable, this has workeil out very 
satisfactorily without complications. It also has the ailvantage of I'cr}' 
readily adjusting the gastric opening to the size of the esophagus aboxe. 
In these lower lesions, however, the esophagus is very commonly not 
ililated at all and is frequently cx'en contracted to a smaller raliher than 
nornwl, and it is in this type of anastomosis that one is I,, ely to get a 
postoperative stricture and poor function. Under the‘.e conditions jt is 
best to iiicrc-nse the size of the anastomosis by enlarging the end o! the 
esophagus by cutting the Ulcral wal! upward for a short distance (Fig- 
252). This is superior to an oblique incision across the esophagus since 
the circulation in the tip of an obliquely transected esophagus is p^i"- 
In all cases of esophagogastric anastomosis m which the stomach h 
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FIr 'SIO.—Etposuw and tnobllizatioii of the cardia and lo^er ejophaRtis Dotted line 
shows Ime of meclion. 



tiff •JjO — Tpchnic of traii«ocll»ii rf |hr atoinirli, cto'«iirr niid fcirtii.itinn «(f the p»«lric 
Motn.n. 



702 


HERBERT D- ADO!S 



Fig 'J31 —Technic of the e^ophagogoctnc BJiasloniosis 



Fig. 25£ — Melho.1 of eolarging 'h' esophageal lumen to mcrea-e Hie size erf H-e rz>P 
Bgogastric stoma 
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displaced into the thorax, the diaphragm must be permanently para- 
lyzed by resecting a length of the phrenic nerve as it crosses the peri- 
cardium. The diaphragm is then closed, leaving a very adequate opening 
for the stomach at whatever level it passes through this structure. In 
all instances an intercostal catheter is left within the chest for suction 
to aid in rapid recxi)ansion of the lung. We have not found it necessary 
to leave a I^ivin tube in the stomach in the lower esophageal resections. 

There are, of course, many fine details in technic that could not be 
included in a discussion of this length but the major details in esophageal 
surgery have been presented. By their careful application, esophageal 
surgery is safe and excellent results can be obtained. 
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THE GENERAL TECHNICAL ASPECTS OF CARDIOVASCULAR 
SURGERY 

Herbert D. Adaxis 

Cardiorascular surgery recejve<l a tremendous impetus during the 
recent war years. Knowledge gainctl by experience with serious traumatic 
cardiovascular lesions familiarize<l us with the problems and teclinical 
aspects of this field of surgery. In ad<iition, during these same years came 
the outstanding contributions of Taussig, Blalock, Gross, Crafoord and 
others in the surgical treatment of congenital cardiovascular lesions. 
Since that time the technical aspects of cjirdiovascular surgery have 
l)ecome more standardized, tvilh constantly improving results and 
widening scope. Even intracardtac lesions are now beginning to be 
attacked surgically, and this whole field of surgery is changing rapidly. 
Some of the general technical aspects of the more common cardiovascular 
o|>erations are, therefore, presented. 

A brief reference to arterial aneurysm and arteriovenous aneurysm 
should be included in any discussion of cardiovascular surgery. In certain 
selected cases an arterial aneurysm can be mobilized and wrapped with 
polyethane. In others, the vessel can be llgateil and tlie aneurysm excised 
or, more recently, excision of the aneurj\sm with free arterial graft may 
be ixissible. 

Arteriovenous aneurysms, cither traumatic or congenital, in most 
instances are best handled by quailruple ligation and excision (Fig. 
Sj 3). In some locations such ns the carotid, popliteal artery or aorta, 
aiieurysmorrliaphy or, lietter, excision and free arterial graft, is prefer- 
able liccause of the serious circulatory complications that arise following 
ligation of these particular vessels. 

Of even greater interest at the present time are the operations for 
congenital cardiovascular lesions, including patent ductus arteriosus, 
coarctation of the -aorta and pulmonary stenosis. The earliest surgical 
allenipls at obliterating a -patent ductus arteriosus were done by exposure 
of the iluclus and simple ligation.** This method did not prove to l>e 
entirely .satisfactory since there were recurrences following this simple 
lig.ition and, therefore, two other more .satisfactory methods have liecn 
ileviscd. Gross has tleveloped and perfected the technic for complete 
division of the ductus ami we have use<l this procedure very satisfactorily 
ill children. 'I his consists of an anterior approach (Fig. 254). The inedias- 
linuin is oiieneil and the patent ductus locjilized by palpation for the 
thrill and by its relationship to the ragus and recurrent laryngeal nerves 
(I'ig. 2 jj). It is then very carefully mobilized, iKirticularly in freeing it 
703 




I’lf 455 — Arteriovruous an^ur}sn involving Ihe suV>cWviin vessel* The ‘ufjical 
approach for quadruple Iigilion and excision is ^hovn (Published with pertnis'ion of C S - 
Ifosby Co , St Louis; from "ArterCit tnfuri^ of the Thorax” b> Dr rferf>erf D AdJin'i 
J. ITiofadc Sufg, October, lOIS. p 644j 

clamps (Fig. 256). In sticcession, the ttto distal clamps are reioovcd so 
that the protruding cuff may 1» closed Tritli continnotis sutures (Fig?- 
457 and 258), Tliis procedure does have the disadvantage of the jw'd 
b'vVity of one of the remaining clamps slipping off during clo-sure eit ler 
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Fig. Anterior appro.*ch for eTpo$«re of p.\frnt ductus arteriosus. 



Viu -ist-t The iiiotlustitiil e\p>^.iire i>f tlte pilcnt <I(ictu> nrtcriostLs aiirl it« relation- 
‘h'lji li» t)ie rrCTirrrtil Hrviipral iicnip. 

l)oc:ni'c of npplicsilion of a |),M»r clamp or l>ccau«.c of friability of tlie w.ill 
«»f the «liicltjs, aiul we liaveiiol felt that it was 5.ifcly applicable toailulls. 
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We have, therefore, adopted the method of ligation suggestc<\ bi- 
Blalock (Fig. 259, e) bj- ligating tbe ductus as close as possible to the 



Fig. —The apphcttUon o( four clamps to the *lucttts owl division between the 
two eenttnl clamps 



Fig 257 ~Def.i(} of suture ef fJfC eat eiwJi of tbe ductus aucccssivHj miiovinglhe 
two distal clamps aiwl sutumg the protniJing cuff tieyond the two prosmni chmps 

aortal and pulmonary ends and using a transfixion suture lig.ilure be- 
tween these two hgatures. In some instances in which it has been 
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impossible technically to place the transfivion stitch because of the 
shortness and large diameter of this ductus, these ligatures have been 
wraj^ped with umbilical tape or polyelhane. Recently wc have considered 
using a reverse Potts’ technic, employing a posterolateral approach, 
mobilizing the aorta and the ductus, and applying a Potts clamp across 
the aortal end of the ductus (Fig. 259, a and b) and a small clamp on the 
pulmonary side. The ductus is then ilivided leaving sufficient stump at 
cither end lor easy and safe closure. 

In a similar u*ay, in our surgical management of coarciation of the 
aorta we have had to alter to some extent the technical aspects of these 
operations as we have applied these procedures to the higher age groups. 
In these cases, particularly in patients over 30 years of age, the aorta is 
thinned out, friable and contains considerable arteriosclerotic changes 



Fig S58. — The ptoMmal damps have heeti removed n«d Ihe mediastinal pleura closed 

and platiue.s anti therefore we have not lliouglit that it was advisable to 
depend for our anastomosis on simple nmning, everting sutures. Using 
a posterolateral approach, in the coarctations of greater lengtli, around 
n inches, we have done u resection and have mobilized the greatly 
cnlargetl snlxilavian artery and srviing it ilown to do an end-to-end 
anastomosis with the aorta. This anastomosis is made using interrupted 
everting sutures around the entire periphery of the anastomosis and then 
rcjjiforcing this with a running stitch, whipping over the everted edges, 
each stitch going half way around the circumference (Pig. 2G0). In 
coarclalions of shorter length wc have resected this coarclated area and 
done a jiriinary anastomosis of the aorta, using the same technic (Fig. 
2GI). 

In piilmonari/ .ftenovs in the tetralogy of Fallot we have again been 
dealing with the older age groups and have found the vessels more 
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Fig 359 — 13, PoUs' cl.iinp b, Apphcftlion of chmp to aoital eiid of Ihepalfnt 

ductus arten<i5us A henu5«tat is app/icd to tiwpafmonar} eiidand the ductus 
suture closure e, I.igatioii of aortal aiul fiultnomo' eods of tlic ducfui wtb a fnn<fitwn 
ligature tielween 
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Fig 200 — a, UeswUtiH ot co.»cclaliow arol Hmlnliraliou of 'tubclaviaii otlery for etul-to- 
on<l AiiastdUiosis with <le^ceii(lii)^ thoracic aorta. 

, ■> f>, Uctni] of eml-to-cn<l niiastomoMS, cvertiiiR inteirnptctl sutures aroutul entire cir- 
cumference 

H r, Everte*! nlges reinforcnl with continuous sutures, each covering half the drcuni- 
fereuce. (I’ulilished with penuvssioii «( tlie Journal of the American Mcchcal Association; 
from “Coarctation of the Aorta”, hy I>r«. Hcrhert D Ailains, David I Kulledge and 
Carlton K Souders.J. A M. A , February 3, 1949 ) 




F,e 281 -R.<«;t>on •>! Ihe 
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«\i{Rcu\l to handle because of their greater friability and decreased elastic- 
ity. However, wc Imve employed the Blalock technic, utilizing either the 
right or left subclavian artery for anastomosis with the corresponding 
pulmonary artery (Fig. 962). Using an anterior approach, the medi- 
astinum is opened and the snbclaWan and pulmonary arteries are 
mobilized and in most instances the end of the subclavian is anastomosed 
to the side of the pulmonary artery, using a single row of simple over-and- 
over sutures, each continuous suture covering half of the circumference 
of the anastomosis (Fig. 363). We have not used the Potts technic, 
producing an aortal-pulmonary fistula by use of his ingenious clamp, 
but there arc probably instances in which this technic would be the one 




Fig 2C? — I’ulmonnry strnosH. Right ^uliclavian-pulmonary artery shunt. 

of choice and we have been prepare<l to use this metliod if it was 
impossible to use the Blalock proccthirc for any reason. 

For completeness, it is well to mention the fact that various surgical 
procedures are now tinder development for the surgical managementof 
mitral stenosis. These consist primarily of valvotomies and shunt opera- 
tions such as the pro<hiclion of an artificial atrial septal opening, or a 
shunt between the systemic veins and the jndmonary veins. 

Intracardiac surgery, however, is still <lone blindly and is, therefore, 
greatly limited, and it will remain for the development of an artificial 
metho«l of by -passing the heart so that inlracardiac surgery may be done 
under <lirect vision and with highly accurate technic. 
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Fig — r\iliBO[t.irj stfrwwi* J/eft suliciavun-lJUtrorinsr} artery sliudt a, Et 
po«iire of sii}icJ.ivs.in anii puliuoiuiri artwes i, Oetait of confroj of the wseli d««ng 
theaiuistoiuosia c and d, Detnil of sutures used laaRasloiiioais 
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THE TECHNIC OF TOTAL PNEUMONECTOMY 
David P. Boyd 

Great strides have been taken in pulmonary surgery since the early 
successes of Graham, Rienhoff and Crafoord and their early descriptions 
of the technic of pneumonectomy. The studies of Churchill, Blades and 
others have opene<l new chapters in surgical anatomy and extended the 
technic of resection of the lung to include lobes and segments with increas- 
ing precision. 

No attempt will be made to <)iscuss the speciBc problems which 
various lesions present. Rather a biwul approach will be taken to the 
problems of lung resection as a whole. Whether for cancer, abscess, 
bronchiectasis or even tuhcrculo-si.s, the technical problems are essen- 
tially the sjime. Indce<l, frequently more than one of these lcsion.s are 
present in the «ime lung. 


ANESTHESIA 

In the thoracic team the anesthetist hohls an important place. ^Yithout 
him, the.se operations are more difficult and dangerous. It is rare that 
pneumonectomy Is an elective operation which can be postponed in- 
definitely or one in which the condition of the patient am be greatly 
improved. Many patients requiring tliLs procedure have coronary sclero- 
sis and emphysema. In aildition to this, jnany have a low vita! capacity 
and diminished airdiorespiratory l^scrvc. Furtliermore, many of those 
patients who arc considere<l for total pneumonectomy because of low 
grade epidermoid carcinomas of the bronchus liave not lost weight and 
often have an undesirable degree of obesity. The presence of large 
amounts of me<Iiastinal and pericardial fat is just as disturbing to the 
thoracic surgeon as Is extensive fat infiltration of the mesentery and 
alylominal Ndscera to the abdominal surgeon. ^Yl\cn all of these tilings 
are considered it is obvious that the requirement.s for successful anes- 
thesia in many of these cases are of the utmost importance. It is particu- 
lirly important to avoid anoxemia in these openitions. It is for this 
reason that we are reluctant to use pcnlollial sodium at any time ihiring 
these operations. No one can foretell when pentothal .sodium is u.sal 
which jiaticnt will have laryngospasm and which will not. I^ryngospasin 
brings al)oiil anoxemia and even if it is temporary, this anoxemua may 
Ik* sufiicienl to cause irreparable damage in a patient with a low respira- 
tory reserve. 

I’crhaps the next consideration of imjwrtancc is the maintenance of an 
airway free from secretions. This is of the greatest importance in patients 
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other possible advimtage is that the ojiemtor can sit down from time to 
time. I have Uiis incismn oo nuraerou** occasions with great wtis- 
faction The only s-cnotis iJisadrantage which I Imve note<i is tiiat it niav 
l>c estrenvcly »hHicn\l to detd with theMijicrior jnilinonar}' vein. Tlie latter 
is anterior in the hihnn itnti it iicccssarj' to lift the hmg np afeMinst 
gravity to secure it If ihssccUon m Ihin area is particuiarly difficult, 
as it occasionally is, this appro.ich makes it more so. All things consid- 
ered, I believe that this is often the position of choice for pneumoiiec- 
toiny for lung abscess or for tuberculosis. 

MOaEUZATIO>f OP THE LUNG 

No matter what the imJication for pneumonectomy, the lung may he 
solidly bound to the jwrielal pleura In lung abscess, it always is; in 
bronchiectasis and carcinoma, it frcqtienUy is It js essential to proceed 
until operability is dctermmwi. The synechia between the visceral and 
parietal pleura may be filmy, thin and avascular or it may be extremely 
dense and vascular The diaphragm nml pericanlium are frequently 
involved ni this fixation, ii» arc the great vessels in the superior meili- 
nslmum With c^pe^ie^lce•, one soon learns that m the«e vRsaikr ad- 
hesiuns, careful, slow, tedious, mostly sharp, dissection is required No 
finger or gauze dissection should be emjdoycd if excessive blood loss and 
shock arc to be avoided Di^'^oclion «s hir away from the ptirictal pleura 
aa possible will gisc the be-st results Small tears m the lungs may he 
easily repaired w'ltli hemostatic sutures but bleeding points which are 
retracted into the thorucic wall arc extremely difficult to secure. As soon 
a.s the chest svall is openerl one can estimate the situation so as to inform 
the anesthetist tliat there may be excessive blood loss Thus, he will he 
prepared to adniinister supportix'e therap 5 '. 

THE LARGE SOLID LUNG 

Of the numerous impediments which may be encountered in attempt- 
ing to remove the lung, none is more difficult to deal with than a large, 
sotul, uacoliiipsihle organ. It is especially important in such a situation 
to liax'e sufficiently wide exjwsurc to allow both hands to move freely 
witliin the thorax 'fliis maj' be sceurrxl by dividing additional ribs 
posterior to the angle In one case, in which the lung weighed 1500 gm t 
even this would not permit exposure of the hilar structures. The fiflh 
nb had been resected and the sixth and seventh ribs dnideti at Ihcir 
posterior articulations To secure Uie requiretl exposure the sixth iin<l 
sex’enth ribs w'ere severed close to the sternum and turned down as a 
flap. This procedure gave adequate working space In anotJicr case o 
solid lung m a poor risk patient with low respiratory reserve, mampuu- 
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tion of the organ caused asystole and hj'potcnsion. ^Mien the dissection 
was interrupted and the lung lifted away from the heart, pressure was 
restored and regular rhythm and systole resumed. By a series of inter- 
mittent and rapid sessions of this type, the lung was finally removed. 

HILAR DISSECTION 

It is well to have a definite and rcgubr plan for dealing Tvith the hilar 
structures, although expediency may dictate variations from time to 
lime, ^^^len all adhesions between the hrliim, pericardium an<l parietes 
have been freed, the mediastinal pleura is opened as high up on the lung 
side as possible in order to preserve pleural flaps for closure. In most 
cases in which radical resection is undertaken, and especialh' on the left 
sitle, it is difficvilt to obtain enough pleura to close the mediastinum. 

After the pleura has been incised all the way around the hilum, the 
decision regarding resectability must be reached. The presence of para- 
tracheal nodes or nodes elsewhere in the mediastinum too inaccessible 
to reach, may be determined by jmlpation. The bronchoscopi.«t^s remarks 
will be borne in mind regarding the amount of available main stem bron- 
chus above the visible tumor. While the pulmonary artery is the first 
logical structure to attack, I have made it a practice first to investigate 
both the inferior and the superior pulmonary veins to determine s\hether 
there is intravenous or perivenous extension of the tumor. If this is not 
done the surgeon may fin<l that he has cut across tumor tissue in ampu- 
tating the lung. This venous involvement may extend into the auricle 
itself. Dissection of the artery frc<iuenlly is easy, especially in cjises of 
suppurative disease, tuberculosis, or peripheral neoplasm. Tlie superior 
pulmonary vein lies antero-inferior to the puhnonarj' arlerj’ and the 
bronchus and bronchial arteries, postero-inferior.and often simple pledget 
dissection under direct vision will free enough of the main tnmk to pennit 
double proximal and single distal ligation. With the lung on the stretch 
toward the parietes, the first ligature of numlvcr 12 silk is placctl on the 
artery as high in the mediastinum as possible. The anestlietist should be 
advised as this first tie is placed and the effect on the p.atient noted be- 
fore the knot i.s .set. No snaps or other traction device should be applic<l 
to this ligature. Tlie next tic is placed as fur out on the lung as possible, 
preferably as a tran‘«fi\ion ligature. Simple ligatures tend to slip off 
am! cause Injublesoine back bleeding. Often in order to liave a s;ilis- 
faclory pn)\inial stump these distal ligatures must ho apjdied to the 
primary (livisioiis of the urterj'. A lliiitl ligjiture, aUo a Ininsfixion, is 
pl.iec<l close lo Oio first ant) securely tiwf. Tiio vessel is then di\idc(l. An 
imiKirlnnt point in technic, t>crlia|>s more applicable lo the .smaller 
vessels and closer quarters enconnlerctl in partial lung rejections, is Ibal 
one should always cut a ligated vessel o\'er a right angle clamp with the 
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jaws partly open. This step may a\’oi<l injury to deeper vessels not yet 
secured. AH fascia and lymph nodes sbouhl be removed to obtain a clean 
arterial surface for a safe and sure ligation. This is a fimdamental prin- 
ciple in dealing rrith large blood vessels. This is the ideal and simplest 
method for dealing with the pulmonary arteries. However, if the artery 
is unduly short, or if the hiium is foreshortened by local disease, the 
branches must be used. Obviously, this is less consistent with radical 



Tig 261 — Din^mniatic rcprwenlution of anlenor aspect of hilum Kole main P*)!' 
monarj arlerj dividing into apical aegmcntal (Ai), anterior segmental (AO and lower Jobe 
vessels Posterior flpK.il segmental artery (AO ii obscured by Ai nnd A; The arlerj' to tbe 
lincul.i (Ajand AO lies deeper in the fissure The tributaries of the superior puIraoDafyie'i’ 
correspond to the same arteries; the lowermost one shown here vs the common vein from 
the segments of the hngula (V« and VO 

evcision but safely may lake precwlence. Furthermore, in long-standing 
inflammatory disease, considerable difficulty may be encountered in 
dissecting Ihe vessels from the upper lobe. Nevertheless. painslakmS 
dissection will always be re'\ anled by secure ligations even m the jirescnce 
of the worst adhesions and adenoiiatby, provided malignant infiUralwn 
has not occurred. , 

Occasionally, the cancer may extend into the hilum between e 
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branches of the artery. This is tlie most difficult situation of all and is the 
only justification for the clamp and cut treatment of a pulmonary artery. 
^Vfter securing all the length available by mobilizing the vena azygos on 
the riglit and sectioning the ligainentum arteriosum on the left, three 
dependable clamps are placed on the pulmonary artery. The center one 
is removed and placed on the meiliastinal side of the proximal clamp. 
It will then be possible to place a satisfactor}' ligature on the proximal 
side of the innermost clamp. Tlie artery is cut across at the distal clamp. 
A 1 or 2 mm. cuff remains which can be reinforced by a continuous over 
and over fine arterial silk suture. The distal stump is controlled by a 
suture ligature. Obviously, this method is dangerous, but as operability 
is extended, hazards and mortality are increased in proportion. 

Attention is now turned to the superior pulmonarj' vein. In most cases 
secure ligation of the trunk vessel may be obtained. However, the peri- 
cardial reflection often extends out onto the anterior surface of this vein 
and a dependable ligature cannot be applied witliout removing these 
extensions, and thereby opening the pericardium. This large vein, 
furthermore, is thin and may be densely adherent to the bronchus. It 
may merge into the inferior pulmonary vein in the diseased hilum and 
occjisionnlly there may be but one large, common pulmonary vein. It 
is almost always possible to place a satisfactory ligature on the main 
trunk after which the branches from the lingula and from the remainder 
of the upper lobe arc ligated anti dUdded over a partially opened right- 
angle clamp, leaving a proximal slump of good length. In a deep chest, 
in any position except possibly the dorsal recumbent, this vein lies at the 
bottom of a deep cavity. Willi poor c.\posurc and inailequate lighting, the 
stage is set for tragctly. The lung must be lifted backward and outward. 
The oj)Crator must wait until the lights arc so adjusted that visibility 
is imhainperccl and deliberate, jKecisc handling is possible. If one of the 
great veins is inadvertently torn, it can usually be managed if exposure 
and ligliting arc adequate. A pledget of oxycel gauze should always be 
within easy reach of the surgeon. With this he can caitch the vessel 
lightly between finger and thumb. With the situation thus temporarily 
controllc<l, the field can be suckcxi dry, lights adjusted, and if necessary, 
more rit)s cut to allow both hamls free motion within the thorax. A plan 
of alUick can then delif)erately be formulated. Usually, one of two 
technics is possiljlc. With the left index finger untler the vein which 
is slightly on the .stretch, the thumb can be slowly rcmovetl from its 
anterior surfiicc. If sufficient exlra|>ericjirdial length remains, a number 
12 .silk suture can Ixr placed preci-scly through the wall of the vein proxn- 
mal to the j)erfonition atul tic<l by an assistant (Fig. 205). Another su- 
ture m.ay be placed to occlude the remainder of the vein, iluscle or 
oxycel may be iiicoriwnitetl. If this procedure is not possible, the peri- 
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Ciirdium may be opened and the vein secured where it enters the 
atrium This is not diflieult if irKinipuIalion U i}nimpe<le<l 

IJefore the inferior puhm)nar>’ vein i'. dealt with, tiie hrniicUiis should 
he secured since the bronchial arteries are still jiunijiing blood info the 
specimen. These are inijwirlanl vessels, ei»i>cciall^ iii older i«itienl.s, and 
are at times u surgical problem Wc disagree with .slaleiiiciits in the 
literature that tliey are not Ki^iUcniit considoraboiis in lung mentions. 



On the contrary they are constant in their presence, but %ariable in 
number, and require precise technic of handling to maintain a <Ir>' 
field during bronchia} closure An attempt is made to isolate these vessels 
and tie them with fine silk on n Frei\<i needle about 1 mm. above the 
proposed line of transection of the btondtiis. 

Sfany technics arc ads-ncalcd for closure of the bronchus, an organ 
which, as Clagelt pointed out, was specifically designed by 
stay open at all limes. Jlost surgcDQS belieA'e that tiieir special meth s 
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have given steadily improving results. The avoidance of ulceration and 
infection of the stump, which wc owe to chemotherapy, is probably the 
important factor. A technic which avoids crushing clamps, necrotizing 
chemicals, anfl strangulating sutures is highly desirable. A simple antero- 
posterior closure of the end of the stump with interrupted fine silk sutures 
recommended by Dr. Herbert Adams, is usc<l at the Lahey Clinic (Fig. 
266). Two sutures are placed at the extremes of the proposed line of 
section. The distal bronchus is occIudc<I with a heavy tie to avoid further 
drainage from the specimen. The field is walled off, the suction apparatus 
made ready, and the bronchus is opcnc<l about 0.5 cm, Tlie first suture 



tig — Thi« shom the tnetinMl uwl nt the I.ahej' Chnic for many ^cars to clf>se the 
l>rf)nchtt< The second lajer (li) no longer considered ensential, hut the stump shoulil be 
crjvcred with pleura if possible. (Beproduced from the I.ahey Clinic Bulletin, 1919 ) • 

of fine silk on a French ncc<lle is placet! and tied. The bronchus is further 
transcctcfl to allow placement of the next suture which is also lied, and 
this proccrliirc continued until llie closure is comj>!eted. There .should 
Ikt minimal M»iling an<l aljsolulcly no inlmlironchial aspiration <if blood. 
Furthfrnu)re, there is very little change in the depth of anesthesia hc- 
c:itj«c the circtjil is scarcely dislurlKtI. Section i«. cjtrritsl out as close to 
the cjirina as jKissihle. Tins leaves Ihe #ij»ecimcn hanging hy the inferior 
pubnon.iry vein and ligaincnl, T»so lies are places! on this vessel close to 
the i)erieardium anrl the lung cut a«?»y, IcJiving a proximal .sltjt!j|) of 
gtKxl length. 
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An attempt is then made to remove all lymph nodes from the medias- 
tinum, wliicli have not alreaily been removed Tvilh t}je specimen, es- 
pecially in the peritracheal area and under the carina Finally, great 
care is taken to pleurahzc the mediastinum, especially the bronchia! 
stump Despite everj' effort to preserve pleura it is not always possible to 
close the mediastinum, especially on the left side As a rule, how^ever, 
sufficient pleura is available to cowr the bronchial slump, 

QUESTION OF DRAINAGE 

Most surgeons do not believe that drainage of tbe thorax after total 
pneumonectomy is necessary In all these cases we place a catheter in 
the chest cavity, with dependent drainage under a water trap without 
suction This is <fone to avoid niediastitial shift The latter mar occur 
suddenly or develop insidiously without its presence being realized until 
irreverhible cardiorespiratory damage lakes place If suction is not 
applied, %-ery htlie fluid js lost We have had no cause to regret this 
procwlure 

SUMMARY 

Many serious technical problems may arise in the course of a lota! 

' pncumonectom.i Some of the measures which we lias’e found useful in 
^ leafing witli tliesc difficiiUics arc described 
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CARCINOMA OF THE BREAST: TECHNIC OF RADICAL 
MASTECTOMY 

S.^AfUEL F. SlAnSHALL 

Since the introduction of radied siirgicsil treatment for cancer of the 
breast by Ilalsted and Willy Meyer over fifty years ago, radical mastec- 
tomy has been the most effective method of treatment of this condition. 
We have employed the Halslctl method of ratlical mastectomy at the 
Lahey Clinic for a number of years an<l, although this method has been 
modified somewhat, it essentially follows the basic principles laid clown 
by Halsted in the development of this operation Both Halsted and 
Willy Meyer emphasized the need for the removal of the breast, pectoral 
muscles and the tissues of the axilla in one block. The operation should 
consist of excision of the breast together with the skin over the entire 
breast, excision of both pectoral iiuiscles and complete resection of the 
lymph nodes and areolar tissue of the axilla. During the past ten years, 
however, in addition to radical inasleclomy, we have employed deep 
roentgen therapy postoperatively, which we believe has aided materially 
in increasing the five-year survival rates after operation. Before the em- 
ployment of irradiation therapy only 38.G per cent of all patients having 
nullcal mastectomy (this included those with and tliose without axillary 
node involvement) survived operation five years or more. Hare and I 
have reported on the results of this combined treatment for the first 
five-year period. In spite of the liigli incidence of involvement of axillary 
nodes, there was material improvement in the five-year survival rales 
with the combined treatment. Tlii^* mle hud risen from 38.0 per cent 
to 52.1 per cent for the entire group in .spite of the fact that 62 per cent 
of these patients Ijud mclii.slases to the axillary nodes at the time of 
operation. Of the group without axillary involvement 75 per cent sur- 
vived for five years and of those with axillary involvement at the time 
of radical mastccloniy 37 per cent were alive and well at the end of 
five years. 

While the value of x-ray therapy combined with radical mastectomy 
may be a debatable quc.stion in the minds of some surgeons, in any case 
it is our opinion that there lia.s been definite improvement in the results 
of Vrcatmenl ol cancer of tbe breast by this cnmbincil method, but we 
believe that further information must be collected from a much larger 
group of patients treated in a .siniihir manner over a long period of time 
licfore any definite conclusions can !»c tlmwti. It must be cmphasizetl, 
ibercfore, that radical mastectomy still is the most im|K>rlant method of 
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trcaliiient, but tliat postoperative x-ray therapy is also a valuable ad- 
juvaot to radical surgery. 

In an effort to permit earlier appltcatioii of vray llioMpy nc liaic 
been more conservative m teimmng skm over the chest wall <hiring the 
radical operation in order that primary closure can he done ami radia- 
lion tro.ilineiU started immediately after ojvcration. IliiKted einphas icii 
the JiTjportance of wide removal of skin and coveting the chest «lcfecl 
with a Thiersch graft It is evi«icnt from our experience with more con- 
servatism in regard to akin removal that the frccpvency of development 
of local recurrent growth has not increased as might be expectcfl from 
previous reports in winch wider removal of skin was thought to be abso- 
lutely necessary Lewis and Rienhoff, in an article from Johns Ifopkins, 
reported that local recurrences after Thiersch grafts took place in 30.1 
jMjr cent, and after a close<l plastic proce«hite. ui 30 7 per cent. In the 
group of 238 cases that wc studici! in which radical mastectomy nas 
carried out and postoperative radiation therapy was given, only 8 per 
cent of these patients had recurrence of malignant disease in the scar 
area, supraclavicular and axillary regions, and tins, too, in a group of 
which C2 per cent showed secondary malignant involvement m the 
nxillary nodes at the time of operation In view' of this, we have been 
more conservative in the amount of skm removed at the time of radical 


mastectomy , rvc rarely remove more than 5 or 6 cm. of skin beyond the 
edge of the palpable malignant tumor. In the majority of cases plastic 
closure of this wound has been carried out. Only occasionally has a 
Thiersch graft proved to be necessary. 

^Ye have not emidoyed simple innsteclomy routinely It is used occa- 
sionally only as a pallia live measure in removing an ulcerating, ailvanced 
malignant growth and, in addition, x-ray therapy is employed as a pallia- 
tive measure Occasionally it is necessary also to use simple mastectomy 
in elderly milividuals who are poor surpcal risks or patients who have 
serious cardi.ac tlisease or other debilitating diseases that would make a 
radical mastectomy iiazartlous. Since a large percentage (37 per cent) 
of patients with ini'ojvenicnt of the axillary nodes can he free of the 
disease for a period of five years or more, radical mastectoraj’ sliould be 
utilized for all patients if at all possible. Simple mastectomy is of no 
value for those patients who have involi’enient of the axillary nwles. 


^Ve have not confined our treatm^t of cancer of the brea«t to a se- 
lected group of cases that mi^l possibly present a more fayorabe 
prognosis, Radical mastectomy is emploj'cd in all caves in which t e 
cancer is still confined to the breast and to the corresponding a’n ‘‘j 
The principal contraindications to radical surgery are tlie presence o 
di’>lant metastatic tumor, involvement of the lungs, pleura or Iwnes or 
extension to the supraclavicular nodes or to the opposite breast. 



C.UICIXOMA or THE BREAST 


729 


Anesthesia. — ^[any types of anesthesia have been used but wc have 
gradually come to employ nitrons oxide and ether anesthesia, wliicli 
can be continued over a long period of time without serious difficulties 
arising from the anesthetic agent. At the beginning of operation an in- 
tmvenous needle is placed in the long saphenous vein in either ankle; 
this permits ineillcation, fluids or blood tmnsfusion to be given during 
the operation. It is much safer to provide for intravenous medication 



tip ^07. — aiulouiy of (heatilla. Tlir rrtUi«i«s}»’p is slio«n of tliepecloriilmu-cics 
t(» tlir ves-els and nfrv« encountered m nxilbrj' dissection for radical jnastccloniy. 

early rather than to wait until .shock tlevelops and thesi attempt to find 
a vein in order to introduce fluid or lilood. 

Incision. — ^I'he type of incision ctnploycd in the clinic is a simple en» 
circling inci'sion with a \crficsd extension above and below the breast, 
^'hich in tile majority of cases peniiits ready access to llie contents of 
the axilla and chest wall, ^fany l\|>cs tif inristoii for nidiRtl removal of 
the breast have been einploycsl and |K‘rhaps all have prove<l useful and 
each is advantageous in the hands of llic particular surgeon who is accus- 
loinwl to his own type of radical inaslecloiny. The typo of incision in a 
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I.irge measure depends upon the location of the tumor in the breast 
We have not used the incision svhtcli Halsted described in his earliest 
reports; this incision extends out upon the arm and produces a band 
of scar tissue across the axilla, thus interfering materially with restora- 
tion of arm motion. A simple transverse incision described by Stewart 
ts often useful. Although exposure of tlic axillary contents is not quite 
as complete as with the vortical indsion, tliorough dissection of axilUrj 
contents can be made and this incision permits an extremely easy plastic 
closure of the wound, ami heals readily. Xt is a particularly' valuable type 
of incision for tumors located in the extreme lateral border.^ of the breast. 

Greenougb's arrowhe.'wl mcision* permits sn excellent approach to 
the axilla and is a valuable type of incision for those tumors which arise 
high in the axillary extension of the breast 

Operation. — The operative ficl«l is cloancii with zephiran, the skin of 
the affected side is jwinlcd well beyonil the midline anteriorly and also 
onto the back, and the arm also is paintcil with zephiran to the eJlwiv 
The arm is abducted and oulslrelchcil on a narrow arm board The arm 
usually can be fastened to the arm bojinl since there ts little occasion 
for changing its position dunng the operation The skm incision is out* 
lined about the breast and an incision is carried through the skin to the 
subcutaneous tissue and fat (Pig. SC8). The skin incision is extended 
above the breast lowartl the shoulder to the level of the clavicle and 
below’, about 7 or 8cm distal to the iofram.'imm.'iry fold of the breast The 
lateral skin flap is dussectcil first, removing all fat ami subcutaneous 
tissue; nothing but skin is left in the flap. 

The dis-section is begun at the lower end of the incision and is carriwl 
doWTi over tlie alxlomen until the fascia over the rectus and external 
oblique muscles is exposed Tlic incision is then carried laterally until 
the edge of the latissinms dorsi is exiwsed, this dissection being oirried 
toward the .shoulder, exposing the e<lge of the l.itissimus dorsi up to the 
edge of the pectorahs major muscle ami beyond, over the muscle to the 
clavicle. All bleeding points are hgateil with fine black silk which is used 
as ligature material throughout the ojicration. The main'll -Nkin flap 
dissected similarly, the dissection being carried from below' upward and 
to the midUne of the sternum up tu the level of the clancle At the upper 
end of the incision tlie fascia of Uie pectoralis major is exposed below 
the clavicle, and both the clavicular and pectoral portions of the p«* 
loralis major inusck* may be reiiioveil If the tumor is not located in d'r 
upper half of the hreaf.t or is not evlcnsive, liowei er, the imisrie may be 
split between tlie rodal and clavicular portions, wliicb makes the re- 
moval of the peclonihs inajiir titiiscle much easier and le'-> licinorrhapc 
(Fig. 2G9). The splitting of the muscle n carried to the insertion oM c 
pectoralis major, muscle on the arm and the tendon of the pcctora is 
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major muscle is divided near iU attachment to tlic liumerus and re- 
tracted medially over the cliest mill. By medial retraction of the pec- 
toralis major muscle, the cnracoclavicnlar fascia covering the pectoralis 
minor muscle and the axillary vessels and contents are exposed. Tlie 



Fip ^C8 — TLc l>T>c of brenst incision uscti is show^^ in the iiihert. It consists ofaiien- 
circlmj; iiicNioii alKitit the breast «««! its tumor, the incision is extciidecl vertically above 
and lielon llic bren«t. FoIUiuiiir the outlining of the incision, the medial and lateral skin 
flaps are dissectnl nway, e\posing the Intissiiniis doni laterally and tlic pectoralis major 
mu'cle. The breast is relractwl nieilMll}' during this disrectiou The dissection is carried 
downanrtl,exposinp the sheath of the tectiw muscle, and extends above over the insertion of 
the pectoralis major nui'clo onto the liuiumis The line of division lictneen the clavicular 
and pectoral portions of the pectoralis major muscle is clearly seen at Uie upper en<l of the 
incision 

conicoclavicular fascia fuses with the sheath of the axillary vessels, 
blends ineilially uith the fascia covering the first and second intercostal 
interspaces, invests the pcclonilis minor muscle and continues la erall • 
to join the axillary fascia. s 
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The coracoelavicular iasoa is incised •wiit a knife and the pcctorahs 
minor muscle is exposed (Fig 270). This muscle is dissected up to its 
point of insertion at the coracoid process and divided and retracted 
tiown and inediiilly. Then the naiiov.il of the {lectoralis major and minor 



Fig 269 —The pectoralis major muscle has been divided at iti insertion upnn tie i«- 
tnenis and is retracted niediatty The pectoralis idiqoc miiscte is erpo'ied, its body is dis- 
sected cleanly and the point of division at its insertion on the coracoid pruce's is 
Division ot the pectoralis minor musde exposes the entire axilla for a clean dissection ol 
its fat and node elements 

muscles together with the breast mass from the chest wall can be pro- 
ceeded ■with, begmtiing above at the clavicle and proceeding dotv award 
onto the rectus sheath. If tension is kept on the pectoral muscles the 
perforating branches of the internal mammary vessels are readily seen 
and can be clamped, divided and ligated. Very little bleeding occurs i 
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muscle, exposing the fibers of the rectus muscle. The mass of skin, breast 
and pectoral muscles can then be retracted laterally and stripped from 
the chest wall. If a little tension is kept on the mass, the operation is 
bloodless and the mass can be separated cleanly from the ribs, inter- 
costal muscles and serralus muscles The dissection is continued to the 
junction of the posterior and lateral walls of the axilla, removing all 
fatty tissue, until the border of the latissiraus ilorsi is reached, Tlie dis- 
section is continued along the edge of this muscle. 

Following the removal of the pectoral muscles, the axillary contents 
arc completely exposed and the loose connective tissue, fat and em- 
bedded lymph nodes are removed by sharp dissection with a knife. The 
subclavian vem is exposed at its highest point beneath the clavicle and 
all of the lymph nodes, areolar tissue and fatty contents are cleanly 
removerl by sharp dissection from the subclavian an<l axillary vessels. 
The mass of areolar and glaml tissues is rcmovctl from above downward, 
dissecting close to the vein and ligating all vessels immediately with fine 
black silk to prevent the cUmps from being torn from the vein by thrir 
on*n weight and to remove them from the operative field All tissue along 
the subclavian and axillary vessels as well as over the brachial plexus is 
removed cleanly As the breast mass and muscle mass are rctractcsl 
laterally during the <lisscctioii, the intcrcoslobrnchialis and intercostalis 
nerves which emerge below the .second, third and fourth ribs are otw'c*! 
and divided Just posterior to these ners’cs the long thoracic nerve, which 
lies closely along the chest wall and innervates the serratus, is exposeil. 
This can readily be identified ami shouhl be jircserved along the ched 
W’all 

The dissection is curried laterally until the subscapular vessels and 
long subscapular nerve are cxposeil. The x-essels are divided and ligated 
and the subscapular nerve, if involved svith tlie tumor and lymph nodes, 
should be removed also. Usually, however, it can be preserved but its 
removal docs not appear seriously to ilisturb the motion of the arm. 
^Ye have frequently removed it without div.ibility in those cases in 
which many nodes arc fount! along the course of llie nerve 

Tlie mass of breast and muscle tissue is now retracted medially by nn 
assistant and, with gentle traction, the vessels along the exposed edge 
of the latissimus dorsi are readily seen, clamped, divided and ligateil, 
thus preventing troublesome lieinorriiage wliich may greatly interfere 
wilb clean dissection of tlie axilla. The areolar tissue and nodes between 
the latissimus dorsi and chest wall are thoroughly cleaneel from the 
muscle and chest ami removed, together witli the entire block of bre.^t 
and muscle tissue (Fig ^71) 

The wouml is carefully inspected for blectling and all bleeding imiu s 
are ligated so that the wound in most cases is thoroughly dry. During 



CABCINOMA OF THE BOEAST 


735 


the operation the chest wall i<? covered with moist, warm gauze pads 
to prevent undue exposure and consequent shock. If dissection is carried 



Fifj 471. — Tlie coinpletwi upemtion Tlie suMa^iaii nntl atill.iry ve?'els li.ive been 
stripped de.Tiily of their f.itty and nreol.ir tiNsuc Note that the f.»5cia of the rectus muscle 
has l)een removed nii<l the chest «.ill cleane«l tlioroufthly, allow ing the thoracalis longusand 
thoraco'1or«.alU ners’es to renwiri .\U of the fat, glandular anti areobr tissue are removed 
Itetween the I itisMiiuis dur'i and the serr.itiis iiiiiscles This completes the operation, Care 
b»\ hemo^t.^sis is olitainetl before wound cWiire .ind the sbin etlges are opproaimalctl svilh 
mternipted •.titurrs of fine hl.ick "ilk 


along nielliodieally, all \e""C*ls ctm lie eX|K)ve<l, liein<)"l;isis obtained tuid 
blotnl Ions can be kf])t at a nrmiiiiuiii mi that shock nirely occurs. 

The wound is closeil by ai>pm\iiiiatiiig the .skin edges with inlerniptcfl 
'‘uturcs oI Pme black silk. No siilicutatieous sutures or retention sutures 
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are used and trauma to the skin flap is carefully avoided so that there 
IS no further interference to the already much decreased blood supply 
Following closure of the wound, the skin flaps are allowed to fall natu- 
rally in place over the axillary defect and are held in place by pressure 
from soft fluffed gauze and dressing pads. The arm is bandaged firmly 
to the side of the chest and the forearm is placed across the body in a 
sling. We do not employ drainage of the axilla and in the majority of 
cases healing takes place primarily without the accumulation of serum. 
If serum docs occur it may be aspirated easily with a sterile needle in- 
troduced between the stitches and, if careful hemostasis has been earned 
out during the operation, there is verj- little development of serum. The 
skin edges can be approximated in the majority of cases and plastic 
closure of the wound obtained, but should this not be possible we do 
not hesitate to apply a Thiersch graft to the remaining exposed portion 
at the time of the radical mastectomy. AYc prefer plastic closure, how- 
ever, as stated previously, so that postoperative x-ray therapy may he 
started as early as possible. 

Postoperative Measures.— The patient usually is able to sit in a cluir 
by the end of the second day. The arm is released within twenty-four 
hours, partly abducted but fully extended by passive motion. This can 
be accompIislie<l without great distress to the patient. The range of 
motion IS easily obtained by early passive motion of the arm. There has 
been no ill effect on woumi healing and no separation of skin flaps from 
the chest wall as the result of early motion. 

There are few cases, indeed, in wliich radical mastectomy cannot he 
done with a great margin of safely. In a group of 238 consecutive radical 
mastectomies there was only one postoperalji-e death which resulted 
from coronary occlusion. As staled previously, patients are allowed up 
in a chair as early as possible, usually by the end of the second day, en- 
couraged to exercise the arm early, and usually before radiation treat- 
ment is started almost all patients have practically complete range of 
arm motion 

Ila<hdti<tn treatment nitk deep x-rsys is usaaiiy started within ten 
days to two weeks after operation, when we have deemed the he.'iling 
of the chest wound to be salisfjcloiy. Treatment is delivered to the 
scar, the axilla and the supraclavicular ureas As an initial dose, 3(W 
roentgen units is given to each i>ort, treating one portal daily for three 
d.iys. Following this, each portal is trcatcil daily with 100 r until 2100 r 
has been delivered to c.ich of thiee imrtals, for an over-all dosage e 
7200 r. ■ I . • 

'riierc has been no innlerial interference with wound healing b} gi'"' f 
this deep x-ray therapy soon after operation. Only moderate 
lion to x-rays has occurred and pulmonary changes such as ra la ' 
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pulmonitis have not resulted. Mild erytlienia and desquamation do 
occur following this form of Irealnicnt, but they are limited to the axilla 
and the scar area ; they usually reach a peak within fifteen to twenty-one 
<lays and the erythema fades gnuhially until the skin is normal, except 
for pigmenhition, at the eml of eight weeks. 

After radical niasleclotny and deep x-r.iy therapy for carcinoma, the 
cour.se of these jjatients is followe<l at regular interv’als and they are 
examined once every three months during the first two years. After the 
first two years, they arc exaraine<l at six-month intervals until the end 
of five years. This examination should include fluoroscopy of the chest 
and, in the event of any suspicion of recurrence in the form of chest or 
skeletal metislases, roentgenograms of the skeletal s^xstem or of the 
chest are obtained. 

The postoperative five-year survival rales are good, there being 75 per 
cent five-year survival of those patients without involvement of nodes 
and 37 per cent five-year survival of those who have involvement of 
nodes. 
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TECHNIC OF SPLENECTOMY 
Frank II. Laiiey 

In a recent paper on the indications for splenectomy, published by 
myself and John W. Norcross of this clinic, we divided the groups of the 
conditions for which splenectomy should be considered into three. It 
might be well to mention these groups because various types of splen- 
ectomy, and there are really three approaches to this operation as related 
to its technical performance, are called for in these three groups. 

The first group of cases consists of those conditions directly within 
the spleen or the result of trauma, or those rare cases in which tumors 
are limited to the spleen, such as'occur sometimes in Hodgkin’s disease, 
or with IjTnphomas. This group also contains those cases that we have 
discussed previously in which the spleen is removed together with the 
stomach to increase the radicalncss of tlie procedure of total gastrec- 
tomy for carcinoma of the stomach, and a few of the cases in which the 
spleen is involved in diaphragmatic hernia or in winch better exposure 
is needed for resection of the lower end of the esophagus to the diaphragm 
and thorax. 

The second group of cases is represented by those patients in whom 
the splenic effect is upon bone marrow, notably the primary neutro- 
penias and primary idiopathic thrombocytopenia. Included in this group 
also are those patients with hemolytic anemia with their abnormal 
spherocytic tyjie of red cells in which the spleen with its large reticulo- 
endothelial system serves as an abnormal destruction center for them. 
Also included in this second group are those patients with the panhema- 
locytopenias, that peculiar stale in which because of splenic enlarge- 
ment any one or all of the three splenic effects producing blood dys- 
crasias may be pre.scnt, that is, depression of the bone marrow’ regions 
from which arise granulocyte.s, and of the bone marrow’ portion (mcgalo- 
karyocytes) from which arise blood platelets, and also blood conditions 
which produce hemolytic anemia. 

The third group of cases in which splenectomy is to be considered is 
that rclate<l to congestive splenomegaly, sometimes called Banti'.s dis- 
ease. This group of patients has been <Iividcd arbitrarily Into tlirce 
grades: the very early gnulcs. represented only by modenile blood 
changes and .splenomegaly; the second grouj) repre.sente<l by blood 
changes, splenomegaly and eso}>hage;d ^•!lrices, and the third grotjp 
rcprcsculcd by cirrlujsis <»f a fairly a<l\'jince<l chanicler together with 
ascites. It is in this group that one so often sees ])crisplenitis with such 
va«cularizcil adhesions alwut t!ic spleen that tlie technical difliculties of 
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Splenectomy become abnormal and the hazard of the operation is much 
greater. 

It is to be recalled that in a recent report of 83 splenectomies donein 
this clinic for various diseases, the only 2 fatalities occurring in the entire 
group re'sulted from splenectomies done in the Uiird stage of congestive 
splenomegaly. 

One must remember that, in the diseases for which splenectomy is 
done, these splenic effects occur not only as chronic splenic processes 
but that they possess acute phases in nhicli the accomplishment of a 
splenectomy is fraught with great hazards because of the precarious 
condition of the patient which often necessitates abandoning technical 
niceties in favor of speed, thus rcsiiUtng in a less tidy but more rapid 
operation. 

In discussing anesthesia for splenectomy we must admit to certain 
prejudices in this clinic m favor of spinal anesthesia. These are based 
upon an unusually large expenonce witli spinal anesthesia and the fact 
that all anesthesia in this clinic is given by permanent, fiilbtimc physi- 
cian-anesthetists who are devoting their lives to it. Spinal anesthesia, 
furthermore, does have the advantages of allowing for a good exposure 
of splenic pedicles, and of providing a quiet abdomen, an undislcndeJ 
intestine and adequate relaxation. 

We have no debate witli anyone concerning the choice of anesthesia, 
agreeing that ethylene, cyclopropane or ether anesthesia, perhaps com- 
bined with curare, or any other form of anesthesia that is not contra- 
indicated by the serious condition of the patient if he is in an acute 
phase of splenic disease, is entirely satisfactorj'. 

It js to be recalled that, particularly in those patients who have large 
spleens, a good-sized fraction of the entire volume of blood within the 
body will be in the spleen, and measures, particularly in sick patients, 
should be at hand for substitution for this loss by transfusions. 

It used to be slated that by means of the injection of epinephrine 
into the spleen its blood could be expelled into the general circulation 
ami the size of the spleen decreased. It is the feeling today of our benu- 
tologists Uiat this is better left undone and that it is belter to repb« 
the blood loss with normal blood rather than with that which contain* 
undesirable effects of hypersplcnism . , . 

Trobablj’ there wall always be a great variation in the type of incision* 
eroployeil for splenectomy. We have consistently einploj'cd long, ^ 
rectus incisions and with good relaxation haw never felt in any iia) 
limited for exposure. It has never been necessary for us even in t e 
barge spleens to make a transverse incision or to employ incisioiy o 
oblique character. This is, however, largely a matter of taste, an wc < 
not say this with any criticism of other types of incisions. 
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With the abdomen open, we liavc made complete examinations of the 
abdominal contents, have invcstigatwl the size of tlie spleen, its mobility, 
the probable ease witli which it «in l>e delivered, and if splenectomy is 
being done for one of the four blood stales — lhjombocytoj)cnia, j)rimary 
neutropenia, hemolytic anemia or panhematocytopenia — a general in- 
spection of the abdomen and the omeiituni is made for accessory si)leens. 
This is extremely important because accessory spleens arc most easily 
found at the time of the splenectomy. 

There are two types of splenectomy and one further technical step 
relating to the control of its bloo<l supply by ligation of the splenic artery 
at its origin. 

It is to be recalled tliat the spleen possesses no real suspensory liga- 
ment and that it remains in its position in the left hypochondrium be- 
cause it is partly extraperitoneal and is suspended by a few ridges and 
folds of the posterior parietal peritoneum. In one type of splenectomy, 
that is, the type Avhich must l>e done rapidly, either becau.se of the pa- 
tient’s condition or because of the indication for the splenectomy, such 
ns trauma resulting in ruptured spleen, the posterior attachment of the 
spleen to the parietal peritoneum is rapidly separated by the finger, 
tlie spleen is turned from below upward, its attachment to the stomach 
by the vasa brevia ligated and the entire spleen turned out onto the 
abdominal wall, as shouni in Figure S72. 

Because the splenic artery and vein run along the upper edge of the 
p.'incrcas, if one turns the .spleen to the right and outward, the tail of 
the pancreas wll be <lelivere<l with it ami unless one is exceedingly care- 
ful, mass ligatures or clamps placed upon the jicdicle of the spleen, par- 
ticularly if there is alarming bleeding, cim very well include the tip of 
the pancreatic tail and result in later pancreatic fistulas. 

By far the most satisfactory type of splenectomy is the deliberate 
splenectomy on a patient not in an acute pliase of the four blood states 
for which splenectomy is .so satisfactory — hemolytic anemia, Idiopathic 
thrombocytopcnui, primary neutropenia or cither primary or secondary 
panhematocytopenia. When sjdeneclomy is not <lono in any of these 
conditions in paticnl.s in an acute phase of the disease or in a state of 
crisis, lime is not important but a dry field, wide e.vposure, good visual- 
ization and thorough search for accessory spleens arc of the utmost im- 
portance. 

The gastrocolic omentum is Iig:ite(l, tying all the vessels close to the 
greater curvature of the stomach including those tlial go over to the 
.spleen as the greater curvature swings around to the <liaphr.igm. The 
altaclnnenl of the .splenic flexure to the diaphragm is .so liberated that 
the .splenic flexure am be droppctl, any conummicalion.s between the 
sideen and the splenic flexure are severed and the lesser peritoneal cavity 
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Splenectomy become abnonnal and the hazard of the operation is nmeb 
greater. 

It is to be recalled that in a recent report of 83 splenectomies donein 
this clinic for various diseases, the only 2 fatalities occurring in the entire 
group resultetl from splenectoimcs done in the third stage of congestiie 
splenomegaly. 

One must remember that, in the diseases for which splenectomy is 
done, these sjilenic effects occur not only a.s chronic splenic processes 
but that they possess acute phases in which the accomplishment of a 
splenectomy is fraught with great hazards because of the precarious 
condition of the patient which often necessitates abandoning technical 
niceties m favor of speed, thus resulting in a less tid^’ but more rapid 
operation. 

In discussing anesthesia for splenectomy we must admit to cerhim 
prejudices in this chnjc in favor of spinal anesthesia. These are based 
upon an unusually large e.xperiencc with spinal anesthesia and the fact 
that all anesthesia in this clinic is given by permanent, fuJI-thae physi- 
cian-anesthetists who are devoting their lives to it. Spinal anesthesia, 
furthermore, does have the advantages of allowing for a good exposure 
of splenic pedicles, ami of providing a quiet abdomen, an undistended 
intestine and adequate relaxation. 

We have no debate with anyone concerning the choice of anesthesia, 
agreeing that ethylene, cyclopropane or ether anesthesia, perhaps com- 
bined with curare, or any other form of anesthesia that is not contra- 
mdicaled by the serious condition of the patient if he is in an acute 
phase of splenic disease, is entirely satisfactory. 

It is to be recalled that, particularly in those patients who have large 
Spleens, a good-sized fraction of the entire s'Dlume of blood within the 
body will be in the spleen, and measures, particularly in sick piticnts, 
should be at band for substitution for this loss by transfusions. 

It usetl to be stated that by means of the injection of epinephrine 
into the spleen its blood could be expelled into the general circulation 
and the size of the spleen decreascil. It is the feeling today of our hema- 
tologists that this is better left undone and that it is belter to replace 
the blood loss with normal blood rather than with that which contains 


undesirable effects of hypersplenism. ^ . , 

Probably there will always be a great \-ariation in the type of inci''mns 
employed for spleiiectomj'. We liax-e consistently employed long, e 
rectus incisions and «Ilh good relaxation have never felt in anj 
limited for exposure. It lias never been necessary for us even in the 
large spleens to make a transverse fncisio/i or to employ' incisions 
oblique character. This is, however, largely a matter of taste, an 
not say this with any criticism of other tj^pes of incisions. 
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from iU peritoneal altachraent to the posterior abdominal wall can then 
be carefully controlled, the field can be made completely dry, the gastro- 
colic omentum can be restored to the greater curvature of the stomach 
and any accessory spleens found and removed (Fig, 273). 



Fig 273 — The deliberate type of splenectomy is demonslmted in which the iplenic fier- 
urc IS mobilized down where the gastrocolic omentum is completely separate*! from the 
greater curvature of the stomach, and the lesser periloiienl canty is widely IJy 

means of this delilierate exposure, the wssels running between the hiliun of ll^e xul 

the greater curvature of the stomach can be separated, the splenic win atA tf/W-y- ar^^ry 
acoarately visualizctl and individually ligated, the spleen then lifted /rr/m its in 
upper quadrant and nil vessels on the posterior obilominal wall accurately crmtroTled- 
Tliis is by far the best surgical approach lo splenectomy, permitting such a wide eT;y»' 
sure, complete viMializalion and nnatoroical deinonstmtion of all structures. ^Ye have rrr^ 
plo^iTtl it in nil deliberate splenectomies for heniob'tlcniiemia, idiopathic thrombocj-topn^.'’* 
and primary or secondary paiihemalocytopenui. 

With the lesser jientoneul cavity exposed, one ctUi henreh along f.V 
course of the ureter, particularly when the splenic flexure lias 
ilroppwl, and one can look over and above the pancreas, over and 
the kidney un<I in the gastrocolic omentum and greater omcnt«"j 
accessorj' .spleens are so often found. In one of our recent 
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there were four accessory spleens, so one must not he satisfied mcrcH 
by tlve discovery of a single accessory spleen 

The remaining type of operation for splenic diseases is that employed 
when very well vascularized perisplenic adhesions are present, particu- 
larly in the third stage of Banti’s disease I have never had to deal 'nith 
more distressing bleeding than that accompanying unwise attempts at 
removing the spleen in patients with pcnsplenitb, particularly when 
these adhesions w-ere present, as they so frequently are in patients in tlie 
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Vt^ 27* ~-ln this lilustraOon ibe aiintoro^ » demoTwtrntetl duRramnwlicsily 
the gaslrohepatie omtntum and ligature of the splenic orterj' roay he seen dose lo it' 
origin As stated m the test, this is an eelremely vaJuable roeasute iQ p.itients «it 
bewnly vasculavued jveri«pleniljs uho ate in such a senuus cowdittcia that nolinng ware 
than this is consKiered mhisaOle 

third stage of Banti’s iliscsise with increased venous tribiitariei The 
venous blcahng in these cases is nio«t difficult to control It is in die>e 
cases that wc hcheve it is wiser lo ligate the splenic artery at it> 
to the gastrohejjatic oinentnin or, by detaching the gastrocolic onientnai, 
to turn the stomach up and expose U»e sjilcnic artery at its origi'i ( '? 
274). 

There arc two or three ]iomt& that I would like lo make in connee i'»^ 
with splenectomy. One is tliat, with the rapid removal of the sp 
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emergency cases, llicre is often a siilKliaphramatS” i 

can become infected and i)rodure a siilKliajihragnialrr a 

of the oozing. In those cases in wliicJi oozing does rjr-errr, r“. rrjij- 
to introduce a cigiiret dram with a gt)o<l deal of piijze fn tF.e-enff a 
bring it out through a counterincision in tlie left loin, 
oozing occurs in the loft upper quadrant area, now denudffi of pa 
peritoneum, and cannot be satisfactorily controlled. 

Another point that wc have learned, particularly in the I'.f 
spleens with large veins, is that one should not attempt r 

vessels along the upper e<lge of the pancreas. If the splenic 
to be ligated, the artery should be ligated cither at its origin orrfv* 
the tip of the pancreas and the hllum of the spleen. Attefn;/.+ f.v 
splenic vessels inidwa}’ between these points where the rm 

the upper edge of the pancreas will often be disastrous 
splenic vessels are frequently partly burie<l in the pancrci t ^ic 
to it, and it is difficult at this inidpoinl to get the ligatun-t /*.nuuj 
around the sjilenic vessel 

^Yhelleve^ a deliberate splenectomy can be done willi a goofl>'f, 
it will be possible to so control blec<hng that hematoma sLoiiJu ji'.'. 

In previous discussions of tliis subject we have called aUenlj‘.i'> 
fact that splenectomy pro\'i(lc.s an excellent direct anterior 
the left adrenal gland. Follorving dcHbemte splenectomy the^iiu^f . 
be seen resting on the top of the left kidney. 

^Ye believe that it is again wortli while, as we have dor«viii 
article on splenectomy, to call attention to the opinions of ofrr li»«T 
ogists that since sidencctomy is wilhoul undesirable 
effects, or at least any demonstrable effect, and since we have r** 
83 splenectomies and only 2 fatalities which occurred in advanr^-'J 
of Banti’s disease when it was probably unwise to perform t*. ' 
.safe in biking the position tliat in cases of chronic enlnrgeni»*i)‘, 
spleen, provided the patients <lo not live in districts where ?u'- 
other tropical diseases are common, and providcfl there ar*- w 
demonstrable causes of the enlargement, .splenectomy as a 
measure is justifiable. It is our opinion that congestive sph-j. 
will develop in a definite percentage of patients with splenoii*.- 
there is always the bazjircl of the development of panbcm«-.Ji,- ■ 
which is the result of tumefaction of the spleen, promoli'iy ^ 
the hypcrsplenic effect. Projdiylaclic splenectomy may be // 
m these cases. 




TOTAL GASTRECTOMY 
PRAKK H. LaHEY 

It was not so ver5' many years ago that total gastrectomy was a surgi- 
cal feat, something to thrill one as a new accomplishment of surgery. 
I know about this feeling because of my early interest in developing 
this operation and our early experiences with it. 

The mortality of this operation, as one would expect, was almost at 
a prohibitive figure in our early experiences with it. This was almost 
bound to happen because of the newness of the procedure, and the mor- 
tality was related, as is true in so many pioneer efforts, not only to teclx- 
nical methods but, even more closely, to a poor selection of cases. I am 
sure that in our own early experience with this operation the selection 
in many cases was based on poor judgment. \Vc had not learned, various 
determining points upon wliieh one could decide whether or not total 
gaslreclomy was justifiable. Technical considerations undoubtedly 
played an important part in the early mortality of total gastrectomy, 
but these were progressively overcome as experience with it increased 
in our own clinic and elsewhere, and the methods were publislied, until 
now the operative niortality in this formidable procedure is within 
reasonable limits. In our early experience the mortality was over 40 per 
cent, hut in the last 07 cases it was 13.0 per cent. 

INDICATIONS 

It is obvious that this operation will be done only on patients with 
extensive malignancy and so, before discussing the technical steps of 
total gastrectomy, it will be of value to discus.s briefly some of tlie points 
on wliich the decision for or against a total gastrectomy may be based. 

Total gastrectomy will be done for patients with malignancies of tlie 
stomach of the carchiomalous type, of the lymixhomatous type and of 
the leiomyosarcomatous type. On the Ixasis of an experience now with 
115 patients on whom w-e liave performetl the operation, I would like 
to set clown how we go about determining wliether or not Its use is 
justifiable in the ca.se of a given patient with gastric malignancy. Before 
<liscussitJg these points I would like to sety that the longest .survival of 
a patient upon whom I have done total gastrectomy for carcinoma is 
seven an<{ oiie-lialf years. In (his wise there was such extensive involve- 
ment of the .stomach with mafes extending up along the les-jcr curvature, 
well <lown on the origin of the gjislric artery, that my conscience both- 
ered me considerably after I wa.s well into the operation over whether or 
not I .shntild liavc undertaken it. Tliis patient is completely well, back 
747 
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at work now at the end of seven or eight years, and one can presume 
with reasonable assurance that he is cured. In addition to this case 
there have been several other patients in this series who have survives! 
six and seven years, and one patient whose condition seemed quite hope- 
less when he was first seen survived tweh'e years. 

The decision for or against the performance of iotal gastrectomy is 
formed in a manner not unlike that for or against subtotal gastrectomy 
for carcinoma of the stomach about which I have svritten preWousIv, 
gi\-ing the criteria of operability Tlie decision is made with the abdomen 
open. The same routine examinations should be employed as are em- 
ployed in any malignant condition of the .stomach, with a few added 
steps of investigation to settle the question of whether or not total gas- 
trectomy is worth while. The peKos should be scarchc<l for gra\"ity 
metastases, the omentum carefully jialpated, both lobes of the Iner 
palpated for possible metastases, the transverse colon should be turned 
up and the root of the mesentery of the transverse colon thoroughly 
palpated and inspected for grasity metastases from the posterior wall 
of the stomach in the lesser peritoneal ca\-ity, the gastrohepatic and 
gastrocolic omentum should be thoroughly searched for possible exten- 
sion, and the angle made by the greater curvature of the stomach and 
the inner aspect of the duodenum where the head of the pancreas rests 
at the pylorus should be thoroughly investigates! for the possible pres- 
ence in this region of metastatic nodes which cannot be removed. la 
addition to these investigations, if there is any question about an exten- 
sive lesion involnng the posterior wall of the stomach becoming ad- 
herent to the pancreas, the omentum should first be carefully detached 
from the transverse colon, as shown in Figure 975, by means of which 
the entire lesser peritoneal easily is expose<l to \iew. Any inmrion of 
the pancreas then becomes demonstrable, and the posterior aspect of 
the stomach up to the esophagus, as well as the anterior aspect, can be 
well inspected and palpated. If the lesion has involved the pancreas, one 
can see whether or not it has inTOlved the tail so that the tail of lh« 
pancreas may be removed with the lesion, or whether it has become so 
adherent to the body of the pancreas that it is not removable 

If the lesion has not become adherent to the p.increas one can put one 
hand behind the esophagus, the other in front, and the chain of nodes 
running up Ijeshle the esophagus can Ite iKtl]Ktted to determine whctlicc 
melastatically involved nrales extemi up beyond the diaphragm an 
are involved extensively. It is iinportanl to state here that even iboUr 
a small chain of indurated n<j«]es may be felt running up be«ii e 
esophagus to the diaphragm, one must realhre that, as soon as Ixim 
nerves are severed, a large part of the esophagus can be pulled o 
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from the cliest, ami the nodes beside the esophagus can be wiped down 
and removed with the lesion in the course of the tobd gastrectomy. 

One .should then ]i.'dpatc the nodes in the gastrohc|ialic omcnlmn, 



I'lg 973 — Jlethod of detaching the great omentum from the transverse colon so that 
the entire lesser peritoneal cavity is evpose<l In the actual operation, the spleen is left 
alfachetlal the tno points (r) In this illustration it has been turned down in order to show 
its blood supplj. 

One can see from this illustnil ion that the bark of thestouiach, the hack of the esophagus, 
the left gastric artery and the splenic vessels can be exposed. One can also see Ih.it ev- 
ploration can l>e done nitbout commit hug oneself definitely to total gastrectomy. Should 
the lesion prose inoperable, the operation can safely lie stopped at this point. 

It may nlao lie note*! that the <pleen will lie left attached to the omentum, and the 
stomach, spleen, oinentimi and gastroliepatic omentum will be rcinove<l in one block. 

particularly ^tlicn they cslciul along ihc lesser gastric artery, becau.se 
not infrc<iuently this type of malignant extension will progress along the 
side of the artery so that in some of the cstses the lesion ill be inoperable 
because ligation of the left gjistrtc arterj’ will have to be done through a 
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lit work now at the end of seven or eight years, and one can presume 
with reasonable assurance that he is cured. In addition to this case 
there have been several other patients in this series who have suniicd 
six and seven years, and one patient whose condition seemed quite hope- 
less when he was first seen surs’ivcd tw'elvc years, 

Tlie decision for or against the performance of total gastrectomy i% 
formed in a manner not unlike that for or against subtotal gastrectomy 
for carcinoma of the stomach about w'hich I have written previously, 
giving the criteria of operability 'Hie decision is made with the abdomen 
open The same routine examinations should be cmploycil as are em- 
ployed in any malignant condition of the stomach, w-itli a few aildcd 
steps of investigation to settle the question of whether or not total gas- 
trectomy IS worth while The pelWs slioukl be searched for graxatj 
metastases, the omentum carefully ))alpate<!, both lobes of the liser 
palpated for possible metastases, the transverse colon should be turned 
up and the root of the Tne^enlery of the Iransverse colon thoroughly 
palpated and inspected for gravity metastases from the posterior wall 
of the stomach m the lesser peritoneal cavity, the gastrohepatic and 
gastrocolic omentum should be thoroughly searclicd for possible eden* 
Sion, and the angle made by the greater curvature of the stomach and 
the inner aspect of the duodenum where the head of the pancreas rests 
nt the pylorus should be thoroughly inve-stigated for the possible pres- 
ence in this region of metastatic noiles wdiich cannot be remoi'cd. In 
addition to these investigations, if there is any question about an e\ten* 
sive U'lion involving the posterior wall of the stomach hecoming ad* 
hcrent to the pancreas, the omentum should first be carefully detache'I 
from the transverse colon, as shown in Figure 275, by means of which 
the entire lesser peritoneal cavity is exposed to \new’. Any in'^asion of 
the pancreas then becomes demonstrable, and the posterior aspect of 
the stomach up to the esophagus, as well as tlie anterior aspect, can l»e 
well inspected and palpated. If the lesion lias inwlved the pancreas, one 
cun see whether or not it has involved the tad so that the tail of (fie 
pancreas may be removed with the lesion, or wjiether it h.is liccomc -sn 
adherent to the body of the pancreas that it is not removable. 

If the lesion lias not become adherent to the pancreas one can put one 
hand behind the esophagus, the other iu front, and the chain of noi cs 
running up beside the esophagus c.in lie jKiljKiled to determine "“O 
inetastatically involveel nodes extenil up beyond the dlaplm'jpa an|^ 
lire involved ealensively. It is iJUpnrfanl b> slide here that 
a small chain of intluraled nodes may lie felt running up bc^'' ^ 
esophagus to the diaphragm, one must realize that, as soon as Ixjt | 
nerves are severed, a large part of the esophagus can be pul 
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In Figure 277 will be seen the total specimen removed at operation. 
Such extensive malignant involvement will be present in almost all of 
the cases in which total gastrectomy is done. This .specimen meets the 
indications described in the previous paragraph. 

Incision. — The incision employed for total gastrectomy is, I believe, 
largely a matter of choice with the exception of the continuation of the 
incision above the ribs, opening of the chest and opening of the dia- 
phragm. 

Wc believe that the combined approach to certain cancers of the 



Fig 277 — Specimen of carcinoma of Ihe stomach removeil by total gastrectomy. Note 
that this specimen fulfills the requirements illustrsteil in Figure 27C; it includes all of the 
omeiaum, fiie spleen, the entire slomadi and a'fl ol the gastrohepatic omentum. 

stomach and lower end of the csopliagus is generally an advantageous 
one. In those cases in ^liich the malignant disease is limited to the 
stomach, however, ami a normal esophagus can be freed and pulled 
down, wc liave found it advantageous to perform the operation without 
opening the chest, without the nddc<I complication of the combined 
laparotomy and thoracotomy. We have no hesitancy, however, if it is 
ncce.ssary, to continue the incision above the diaphragm and combine 
the exposure of the thorax and the abdomen. 

have no feeling regarding the employment by others of oblique 
uicisioiis, hockey stick incisions, transverse incisions or any other type. 
NNc wish only to say that wc liave iwrformwl all of our total gastrec- 
tomies without limitation of exposure by means of the long transrcctus.- 
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incision tlirongli the left rectus muscle. This, with good relaxation, 
undergoes good repair and, if it is of adequate leugtli, does not hamper 
us m the perfonnance of this ojieration. 

Technical Steps in Resection. — The first technical stej) in total giis. 
trecloiny is t!ie separation of the greater oinciituiii from the transverse 
colon. This is best sUirted on the right side at the point where the hepatic 
flexure is attached to the greater omentum. As the greater omentum is 
separated at this point, as shown in Figure 275, one comes naturally to 
the developmental line of cleavage by which the omentum is fused witfi 
the mesocolon at this point. If one gets started in the proper hne of 
cleavage in separating the omentum from the transverse colon, one can 
literally wipe the omentum off the transverse colon until the lesser peri- 
toneal cavity is entered, and continue the separation over to the splenic 
flexure and the spleen so that, with the omentum completely separaled 
from the transverse colon and mesocolon, the entire lesser peritoneal 
cavity is widely exposed 

With the stomach then turne<l up, as shown in Figure 275, the entire 
posterior wall of the stomach is exposed to xiew, the bloed supply of 
the spleen is immediately under one’s finger and can be ligated so that 
the spleen is mobilized, and one can then sec the posterior aspect of tlic 
esophagus, the left gastric arterj’, the diaphragm, and tbe left lobe of 
the liver. If at this point the carcinoma is found to have extended further 
than was originally anticipated, the operation can be Interrupted and 
the abdomen closed without h.aving committed one’s self definitely to 
its completion. 

I believe that one of the most important technical steps in iotal gas- 
trectomy is the complete separation of the omentum so that the entire 
stomach with the omentum and the spleen attached to it can be so 
turned up that the posterior aspect of the stomach well up to tbe dia- 
phragm can be inspected This is a x'aluable exposure in determining 
operability and, as already stated, permits one to terminate the opera- 
tioa if additional evidence of extension becomes available. 

> 1 .. The spleen should be left attached to the omentum, its blood suppb 
ligated at the tail of the pancreas and sewred so that, as the slomac 
is removed (Fig 270), there will be one block of tissue consistingof t ^ 
entire stomach, the omentum, the spleen within the omentum and a 
of the nodes of the gastrohepalic omentum. , 

The advantage of splenectomy at this point is that in many o j 
carcinomas or other malignant growths of the stomach for ^ ^ 
gastrectomy will be done, a set of nodes which is known to exist 
the greater curvature of the stomach and the hilura of the sp cea m 
be removed intact. . 

We have heard and read comments that the removal of the sp 
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un'VN'ise in total gastrectomies. I do not mean to be controversial but I 
believe that it is a poor approach to the problem. In any patient with 
malignant disease of the stomach of sucli adv'anced character that total 
gastrectomy is settled upon, the operation cannot be too radical. There 
will frequently be involvement of the nodes that, as I have already 
stated, are known to exist between the greater curvature of the stomach 
and the hilum of the spleen, and only by including splenectomy can 
they be removed. 

With the entire omentum and the spleen in it turned up, the next step 
in the procedure is transection of the duod<mum. Before doing this we 
would do well to remember that, contrary to previous beliefs, carcinoma 
does spread submucously beyond the pylorus and into the duodenum, 
as has recently been demonstrated by our pathologists, Drs. Warren 
and Meissner. For this reason in all total ^strectomies the duodenum 
should be freely mobilized for the greatest possible distance, domi close 
to where the common duct and pancreatic duct enter it, in order that 
possibly submucously involved duodenum may be removed as com- 
pletely as possible. 

With the duodenum turned up, the next step is the complete removal 
of the gaslrohepatic omentum. This will require high ligation of all of 
the small vessels up to the exposure of the left gastric orterj'. The left 
gastric arterj* will require inspection, as already staled, to determine 
whether the malignant growtli has extende<l so high on its wall that the 
condition is deemed inoperable. This point must be settled before the 
duodenum is cut across and can be when the omentum is completely 
freed, the lesser peritoneal cavity exposed and the entire stomach turned 
up as shown in Figure 275. 

If the left gastric artery is not involved, it is lied at the highest pos- 
sible level. I have preferred to tie the left gastric artery with No. 2 
chromic catgut because it is strong and the first knot does not slip. 
Hemorrhage from the left gastric arlcrj’, if it occurs, is difficult to con- 
trol, and while it can be controlled, it is technically annoying. With the 
left gastric artery cut and severed, the complete removal of the gastro- 
hepatic omentum can then be carried up to the point where the lesser 
cuiwalure merges with the esophagus. 

At this point I would like to call attention to a technical step which 
I publlshcil and have employed over the yeans and which has proved 
valuable in my hands, that is, the UTsippingof the oincnlum, tlie stom- 
ach and the spleen in a large square of gauze. If otie attempts to liajidle 
these stniclures, so many 1 (k>sc cimK \raiider about that they constantiv 
interfere uilh the technical slq»s of the o|>enitivo procedure. Early in 
my c.\i)criencc I developed the plan of wrapping all of the spleen, omen- 
tum and stomach up in a square of gauze, tying this as shown in Figure 
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278, by means of vrliich everything is then put into a compact bmidlc 
and can be held in one hand or by an assistant as the esophagus is frNt) 
and made ^nsible for the anastomosis of the Jejunum to it 



J’ig 278 — Xlelhod of wrapping the stomach, onJcnlum »n<J spleen in an apron ofgnnre 
and tjing at witli ligatures, showa diagrammaticaWy This makes it possible to Manage 
large specimens mth greater ease 

Nate also as stated in the text, the iig,itureat the point where the esophJifua Joins the 
stomach to prevent spilling of Accumiiiated gastric contents n-hen the opening *s made in 
the esophagus )n order to estah&h the aRaatouiosrs. 

N’ote alio in this that the opemog in the |ejuiiumia small and circular, ami is best m «, 

as show n in Figure 281, a, bj- grasping the jejunmn with a heraostat, pulling it to » 
and excising that point, thuicreatijigaiiaaHcipeuisropenmg Jtjs again tobeiecslleul 
tlds opening will he larger than is anticipated 

The ne.vl lechtiicai step in the procedure of total gastrectomy 
exposure of the esophagus as it runs through the diaphragm. Thu caa 



TOTAL GASTRECTOMY 


755 


best be accomplished by severing the nonvascular ligament between the 
diaphragm and tlie left lobe of the liver. There will occasionally be small 
vessels in this ligament but they usuallj’ arc of no great significance and 
can be controlled easily under direct vision, ^^^th the left lobe of the 
liver deUiched (Fig. 279), folded to the right and held there by a wet 
pad and a deep-bladc<l retractor, llic esophagus a.s it enters the dia- 
phragm becomes plainly visible, fhe next step which I developed and 
published and the most important one, I believ'e, in cutting the mortality 
do^m is the making of a flap of peritoneum as it is reflected over the 
esophagus, which will later be sutured to the jejunum to suspend the 



Fig 27fl — Method of detaching the left lobe of the liver from the diaphragm by severing 
its avascular ligaments 


jejunum, reinforce the suture line and thus tiike the weight of the two 
loops of jejunum off the line of anastomosis. ^Yith this flap cut, as shown 
in Figure 280, the branches of tlie vagi, the two main front and back 
or lateral branches, and also other branches become visible. These are 
cut under direct vision and, as tlic stomach wrapped in its gauze pad is 
pullctl down, any other branches can be fell as bow strings and may be 
severed. 

Severing of the vagi has been one of the important features in making 
total gastrectomy easy. As soon as the vagi are severed, a considerable 
length of esophagus can immediately be pulled down from its position 
in the diaphragm and above it. So much esophagus can frequently be 
pulled (lown by this maneuver or by freeing the esophagus willi the 
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finger within the diaphragmatic hiatus that it can he brought close to 
the abdominal wall where the suture must be done. 

One must remembcT at this point to ask the anesthetist to uhlidraw 
the tube that has been placed in tlie stomach, first asking him to suction 
out the conlciils of the stomach. The tube must be withdrawn up into 
the esophagus just above the le^-cl where it passes through the dia- 
phragm ill order that the anesthetist may keep the esophagus con- 



Fig 280 — The fl.ip of penloneom cul from the fronl surface of the esophagus anJ re- 
flected over the diaphragm is diagrammaticnlly shown This flap of penloneum will be used 
to suture to the jegunum, to reinforce the anterior suture line and to take up the weight of 
the jejunum anastomosed to the esophagus. 

This illustration also shows the vagi dbgniminatically and how necessary it i» to 
nerves before free delivery of the esophagus can be obtained 

slantly clear of its contents when it is opened for the direct anastomosis 
between it and the side of the loop of jejunum which is to be attached 
to it. 

An extremely important point at this stage, and one that is w*' X 
forgotten, is that most of these stomachs, no matter how well the} 
cleared by suction, still frequently contain a great deal of undesira c 
liquid and semiliquid material discharged from the carcinoma. For ^ 
reason I have found it e.xtremcly valuable to tie a double thickness o 
No. 2 chromic catgut about the point where the esophagus enters 
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cardia in order to prevent spillage of gastric contents as the stomach is 
held up, as shown in Figure 278, and as the anastomosis of the jejunum 
to it is made. 

Esophagojejunal Anastomosis. — With the vagi separated, with any 
small oozing bleeders, which are frequently attached to the esophagus, 
found and controlled, and with good evposure, a loop of jejunum is 
selected at a level low enough so that its length of mesentery will permit 
it to be brought up anterior to the colon and approximated to the esoph* 
agus. We have preferre<l antecolic anastomoses to rctrocolic anastomoses 
because we want a long loop of proximal jejunum since it is to serve in a 
considerable measure as a substitute for a stomach and because, to 
avoid irritating contents of the proximal jejunum and duodenum, bile 
and pancreatic juice, from passing over the anastomosis between the 
esophagus and jejunum, a lateral anastomosis is to be done. 

We have always placed the proximal loop of the jejunum to the left 
so that an anastomosis of the proximal loop of the jejunum is started on 
the left side of the esophagus. I do not believe that this is too important 
but because we have applied this principle in our partial gastrectomies 
for ulcer and for carcinoma and because it lias functioned so well, wo 
have continued the use of this principle for many years. 

The next step in a total gastrectomy is one of the most important, I 
believe, of all the steps of this operation and that is the introduction of 
the first posterior layer of silk sutures by moans of wlucli tlie jejunal 
loop is to be approximated to the back wall of the esophagus. This step 
is not difficult, but when tliis first layer of silk stitches is put in, the 
jejunum is then so high up, so angulatcd at the point where the esoph- 
agus and the jejunum come together that it is difficult to get sufficient 
exposure to make the first opening In the jejunum and in the esophagus 
which is to represent the second layer of approximation catgvit stitches 
between the esophagus and jejunum. 

It is at this point that I wish to call altention to the maneuver first 
supgeste<I by Dr. S. F. Marshall of this clinic of introducing long black 
silk stitches into the jejunum and the esophagus, then opening the 
jejunum before the approximation of the first layer of silk stitches is 
completed (Fig. 281, 6). This maneuver is of great value because the 
opening in the jejuriutn can be made lieforc the jejunum is approximated 
to the hack nail of the c'sophagiis by the first row of silk stitches. One 
thing I wonUl parlicnlarly like to warn about — and a mistake that I 
iiKuIc in tny early experiences with total pistrectomy — is lli.it of making 
llic opening in the jcjunuin loo large. The ieiimum is a lax structure, 
the calilKT of the esophagus is not large, aiul one nuist he cjircful lest 
in making too large an incision in the jejunum the reilundant mucous 
membrane in an aperture of loo great size can be troublesome and annoy- 
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Fig 281 —Plan devised by Dr Marshall in whrch the long black silk stitches are placed 
through the jejunum and the posterior wall of the esophagus. These sutures will represent 
the posterior layer of iilk approsimation stitches 

a. Method of opening the jejunmn to avoid too large an aperture and to estab u » 

round oprening It is important that the opening in the jejunum, as slated in the lert, is no 
made too large It is made after the laying of stitches, as shown in 6 id 

b, As staled, the opening in the jejunum is made after the stitches are laid, left long an 

not tied Note the ligature of the esophagus at the point where the esopha^ 
stomach which prevents back spillage of gastric contents when the esophagus isopeno 
the anaslomosi'< , utehef 

In c is shown the iireular opening in the jejunum, the black silk approxiina ion s ^ 
of Iheposterior walltied, and the two lateral stitches retained as traction stitc w 
that the anastomosis is kept wide and w eventually flared out In a trumpet - 1 « ** 

The esophagus will he opened along the dotleil line 

cons,idenibly larger than one had anticipated it would be- As 
the opening in the jejunum of proper size has been made, the ong 
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silk stitches, as suggested by Dr. Jlarslial’l, can be tied. This approxi- 
mates the back la.ver of the jejunum to the back layer of the esophaps 
and the transverse opening in the esophagus on the posterior wall which 
is to be closed by continuous interlocking catgut stitches can then be 
rruide. 

Perhaps the second most imiwrtanl thing that we have learned from 
our mistakes with this operation is that a traction stitch between both 
the left and the right angles of the posterior wall of the esophagus and 



Fig 289 — Note in this diagr.ninra3tic illustmtion the continuous locked stitch of c-itgut 
TipproMmating jejunal mucosa to esophageal mucosa. K is an advantage to employ a lock 
stitch to control ooze and to prevent narroning 

Note also the traction stitches of silk on the side to keep the caliber of the anastomosis 
large The ligature is again shomi at the point where the esophagus joins the stomach to 
p^e^ent back spilling of gastric contents when the esophagus is opened 

jejumnn should be inlroducetl. If one does this, gentle traction can be 
made on cither .side by the .Tssistant in ortler that the jiosterior inter- 
locking row of continuous catgut stitches which control bleeding is not 
pullcri up too tightly or at least tightly enough to cut through. These 
lateral traction stitches (Fig. 281, c) keep the esophagus pulled out on 
cither side and thus prevent constriction of the anastomosis. In my own 
early e.xix’riences some of these anastomoses were marie so small that 
they required later ililalation by our csophagoscopist. It is worth noting 
tlial, uhen this anastomosis iscompletorl, if it is done properly, the esoph- 
agus will be seen to flare outwanl as rloes a trumpet so that the caliber 
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of the anastomosis is actually greater than the normal caliber of ilje 
esophagus itself. 

With the first laj or of intcrmpled Muck si|k slilches in and the -secojid 
jjosterior layer of iiiterlocfcwl seromuscular stitches completed (Fip. 
282), the catgut seromuscular stitch is continued around the corner 
and o\’er onto the front portion of the 3 ejijno>esophageal anastomosis 
by means of the Connell in, out and over stitch until the entire circum- 
ference of seromuscular catgut anaslomoMs line has been put in. There 



Hg 283 — fn this ilingramnuitic illuUrolion is shown the rotalion of the suture line, as 
intlood vessel suture, making U possible to inspecUbe posterior laj-er and to rciiJorce any 
neak points with silk sutures Note »bo the supporting stitch of silk at the angle heleeen 
the jeiunum and ore of the crura of the diaphragm A similar stitch will be placed in the 
other crus of the diaphragm, thus providing posterior support to the line of anastomosis 

will be occasional cases in which Uic anastomosis will be so technicflllj 
difficult that it must be made with interrupted in, out and over slilches- 
As soon as the posterior layers of suture hne of silk and catgut aw 
completed, the anterior portion of the esophagus is severed, the stotn 
ach, spleen and omentum, wrapped up as they urc in an apron of gaow, 
are then completely detached, making the anterior m, out an o\er 
stitch much easier. ^Mien the anterior layer of in. nut and oi er la jn* 
has been completed and tied, the anterior ifitcrriipfed silk stile les 3 
then introduced between the jejunum and the esophagus m a nwnn 
similar to that employed for the back row. _ , ^ 

As black interrupted silk stitclies arc placed, it is imporlant 
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two lateral stay stitches that pull the esophagus out laterally be pre- 
served, so that they may be used to rotate the esophagus. One is passed 
on the right side beneath the anastomosis, then the entire anastomosed 
line is turned completely over, as in blood vessel suture, until the poste- 
rior layer of sutures is plainly visible (Fig. 283). This is extremely im- 
portant as it permits one to reinforce anj- weak places. Because these 
sutures are at times introduced under considerable difficulty , there will 
be places in which approximation has not been as accurate as can be 



Fig 28t —The complied Anaslomosis and the fl-np of peritoneum, previously sliown in 
Figure 2S0, over the jejunum and attached to it by interrupted silk stitches. 

One now can realize that, witli the two supporting stitches between the jejunum and 
the crura of the di.'ipliragni ltib.ack and with the peritoneal Sap sutured in front, the entire 
anastomosis between the esophagus and the jejunum is completely supported so that there 
is no traction weight upon the anastomotic line 

It should be reinembeted, also, although not i1lustrate<l in this article, that following the 
anastomosis of the jejunum to the esophagus a lateral jejunojejunai anastomosis is done 
loner in the two loops in order to avoid as much as possible the passing up into the esopha- 
gus of irritating bile and pancreatic Saids 

ilonc with the anastomosis rotated and the posterior layer completely 
ex{>osed to view. It is possible by this plan to inspect carefully the enltrc 
circumference of the csophagojcjunal anastomosis to be sure of the 
accuracy of the anastomotic line of sutures and to reinforce any places 
neeiling it. 

Witli two rows of snturcs, inner csitgul and outer interruptcil silk, 
now completed, the next im|K>rtml step is to pass an intcrrujiled silk 
.stitch through the inislerior avi>ecl of the jejunum at the jioint of anas- 
tomosis and through the crus of the diaphnigm, the one on the right 
side of the anastomosis suturcsl lo the right crus of the diaphragm, the 
one on the left .siile sutureil to the left crus of the diaphnigm. The anas- 
toinosis is then lurneil down and the flap or apron of peritoneum whicli 
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I first described in 1038 is pulled down and sutured, as shown in Figure 
284, to the jejunum, thus co\’ering the suture line completeli’ but, ino«t 
importantly, suspending the anastomosis posteriorly by the jejunum fo 
the crus of the diaphragm and anteriorly to the flap or apron of peri- 
toneum that reflects over the esophagus This maneuver has contributed 
greatly to the tecbnical success of total gastrectomy, as mentioned pre- 
viously. Prior to tlie tlevelopinent of this plan I am sure that, owing to 
the weight of the jejunum and occasional retching which may follow 
recovery, there was separation of the suture line. One must remember 
always that the esophagus as it is anastomosed to the jejunum is not 
covered by peritoneum, is very friable in character, and for this reason 
one must be extremely careful that sutures introduced into the esophagus 
are not lied too tightly and tliat the unsuspended weight of the jejunum 
is not allowed to pull on the esopliagojejunal suture Ime. 

There is one remaining technical step in the direct end-to-side anas- 
tomosis of the esophagus to the jejunum without which I would not 
feel comfortable and tiiat is the introduction by the anesthetist of a 
full-sized stomach tube into the lower end of the esophagus where the 
surgeon with lus finger can guide it through the anastomotic aperture 
into either the distal or proximal loop. This, I believe, is of the utmost 
importance, demonstrating as it does the adefjuacy and proven patency 
of the aperture. 

Jejunojejnnostomy, — In approximately' the first 30 total gastrecloiaies 
done in this clinic, no jejunojejunostomy was employed but at the sug- 
gestion of Dr. Hlarshall wJio has performed a number of these total 
gastrectomies and with the agreement of the other surgeons in the cliaic 
who have employed them, jejunojejunostomy has now been employed 
regularly in all of the total gastrectomies. We feel that it dcfinitelj' hn- 
proves the postoperative recovery ami avoids the passage of irritating 
duodenal contents, bile and pancreatic fluid into the lower end of the 
esophagus, there to cause, as it used to so frequently, esophagitis 
have been opposed to the employimmt of jejunojejunostomy in snhfotd 
gastrectomies for ulcer and for several years have not used it. In this 
procedure we want all of the alkaline jejunal contents to be return 
into the stomach to produce as much neutralization of gastric ad dy 
as possible, ^^lien, liowever, tlie entire stomach has been taken out as 
in total gastrectomy, there is every reason for employ ing jejunojejunos 
tomy, particularly that of sidetracking the irritating duodenal contents 

Complelion of (he Operation; Closure of (he Wound.— 
operation is now’ completed, the proximal loop of jejunum at eas 
inches in length, and often longer, will rest on the left side o tie a 
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(lomen, crossing from the region of the ligament of Treitz down to the 
left of the midline and ascending again for the anastomosis to the esoph- 
agus and then descending hitersilly for the anastomosis of Ihe distal to 
tlie proximal loop of jejunum. 

Following this last lateral anastomosis, the oijeration will have been 
completed except for careful inspection of the left hyjjochondrium to 
make sure there is no persistent ooze from the tionperitonealized area 
of the posterior abdominal wsill where the partly intraperitoneal spleen 
has been removed. As one views this area the tail of the pancreas, the 
left suprarenal gland and the top of the kidney', and the under surface 
of the <liapliragm will be plainly seen, and if there is any oozing it can 
be carefully controlled. The left lobe of the liver is permitted to fall 
back in its position. AYe have never found it necessary to resuture it to 
the diaphragm. 

There have been reports to the effect that following this operation 
there have been accumulations beneath the left diaphragm which have 
required drainage and on labonitory examination have proved to be 
made up at least in part of pancreatic .secretion. We liave not been both- 
ered by this and wc believe that, if one is careful to ligate the individual 
sidenic vessels under direct vision, and if they arc clearly separated from 
tlie tail of the pancreas, this will not occur. Wc believe, in addition, that 
careful and painstaking control of all oozing vessels in the left hypo- 
chondrium will also obviate this difficulty. We do not mean to say that 
wc have not had any cases of subphrenic accumulations, but they have 
occurred in only a limited number of cases. Accumulations of pancreatic 
discharges benetith the diaphmgin on the left side liave not been one of 
our problems. 

Since many patients undergoing total gjistrectomy for carcinoma will 
be in a far from satisfactory stale, I have lately leaned toward closure 
of the Wounds with wire. The fact remains, however, that in many of 
our cases catgut and .silk have been useil. While I have no fixed con- 
victions on the subject, I am inclined to favor the use of wire, under 
ccrUiin indications, in the belief that it will reduce the number of in- 
stances of wound disruption. 

POSTOPERATIVE CARE 

One sljould not leave the discussion of the technic of total gastrectomy 
without at least mentioning how ncccssarj* it is for these patients, after 
oj)cration, to be in the hands of especially trained men — in our group 
in the hamls of the gastroenterologists who arc particularly inlcreslefl 
and cviMjrlenced In the selection of their food and in determining the 
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number of meals they should have and when their feedings can be 
changed from five or six per day to a more limited number. 

The problems which may arise after total giistrectoniy fall into three 
mam cUssificatioiis. 

1. Dysphagia Slany patients experience some temporary difficulty 
in swallowing, apparently owing to the fact that the small intestine is 
unaccustomed to receiving food directly from the esophagus. These 
patients experience regurgitation of food and mucus from the esophagus 
and .some patients have the typical symptoms of the dumping sjoidrome 
consisting of sweating, weakness, palpitation and nausea. These sjinp- 
toms are usually temporary and are best treated by giving frequent 
feedings of small quantities of well-chewed or pur^d food. Wien the 
dumping syndrome symptoms are prominent, the more solid foods are 
often better tolerated than liquid food 

2 Nutrition. Practically all patients following a total gastrectomy 
experience some difficulty in maintaining weight. Very few of them 
regain their normal preoperative weight. However, their nutrition can 
be kept satisfactory if they eat frequently and train themselves to take 
larger quantities of food. Usually there is not much difficulty with the 
appetite but they are quickly satisfied by eating. 

3. Hemopoiesis. Since the antijiemicious anemia factor is apparently 
elaborated in other parts of the gastrointestinal tract than the stomach, 
not all patients with total gastrectomy develop pernicious anemia 
I However, pernicious ancmia-like blood stales have been observed in 
some cases and it is probably advisable to give some liver extract to all 
patients after a total gastrectomy. An injection of 15 U.S P. units every 
t^so to four weeks and frequent check-up blood counts and hemoglobin 
estimations are ads'isable. It is well also to administer 5 jng- of folic 
acid twice a day in these cases. 

None of these patients should be permitted to detach themselves from 
a medical adviser until it has beeo determined how well they will be 
able to manage their food, how well their blood pictures can be main- 
tained on routine feedings, and how well they regain their activity and 
strength. Several of our patients have developed secondary anemia. 
TOien patients have called by telephone to say that they cannot get 
their breath after going up and down stairs, we have concluded, an 
usually correctly, that they have secondary anemia of such degree as 
to result in an insufficient number of red cells for carrying an adequate 
amount of oxygen. v » t is 

It is true that many of these patients do not regain weight bu i ^ 
likewise true that as these patients go on beyond their first year t 
become better and belter able to handle food, they tend to regain ^ 
ability to gain some weight, and do regain practically all of their sirens 
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CONCLUSIONS 

Total gastrectomy is no longer the forbidding operation it used to be. 
Its mortality has been brought doT>Ti to within limits nearly as reason- 
able, if not just as reasonable, as those of subtotal gastrectomy. As an 
approach to the problem of the surgical treatment of gastric malignancy, 
it is a much more logical and reasonable method than is subtotal gas- 
trectomy. Wjile enough comparable figures are not available, it seems 
reasonable to assume that if this* operation were more often applied 
than subtotal gastrectomy, the present depressing low five-year non- 
recurrcnce rate for the surgical treatment of carcinoma of the stomach 
could be improved. 




PAKTIAL GASTRIC RESECTION FOR PEPTIC ULCER 
Sa-mdel F. AIaoshall 

Partial gastrectomy is sUH a most important surgical method for 
treatment of peptic ulcer, whether duodenal, gastric or jejunal, and at 
the Lahey Clinic wc continue to place most of our reliance for permanent 
effective treatment of ulcer on resection of the stomach. With the ad- 
vent of vagotomy we had hoped that many of the difficulties of resec- 
tion, both technically and postoperatively, could be avoideil. As Wilkin- 
son has pointed out^ with vagotomy the stomach could be left intact, a 
large percentage (88) of ulcer patients could be relieved of pain, and 
anacidity or low acid values could be obLained in a fairl.v large group of 
cases, but this decrease in gastric acid could not always be attained nor 
was the resultant anacidity permanent in many cases. At the Lahey 
Clinic vagotomy has been carried out in over 90 cases. In a recent review 
of 02 patients with \*agotomy, it was evident that these patients had 
more postoperative difficulty, more severe and more persistent sjinp- 
toms and just ns many recurrent ulcers as a similar group of patients 
who had partial gjistric resection only. Tlie problem of vagotomy is by 
no means settled hut the complications and dangers should be recog- 
nized as well as the benefits to be obtained from this lesser technical 
procedure as opposed to the more radical operation of partial resection. 

FACTORS ESSENTIAL FOR GOOD RESULTS 

Partial gastrectomy can be done with a large margin of safely and 
with excellent results in the majority of cases but any good postoperative 
results depend upon a number of factors. 

First, the results depend upon the proper selection of patients to be 
submitted to surgical treatment. The indications for surgical treatment 
have been restated many limes and arc clear: perforation, repealed mas- 
sive hemorrhages, obstruction and failure to relieve symptoms by ade- 
quate medical treatment, demand surgical interference. Gastric ulcers 
which fail to heal under me<lical treatment, or recur after healing, like- 
wise demand rcNCCtion. It is our feeling tliat vagotomy should almost 
never be used for gastric ulcer, since surgical interference is advised 
becau'>e of tlie uncertainty of the ulcer being benign or malignant. In a 
previous study of the problem of giistric ulcer, we found 9C malignant 
ulcers among ISl gastric ulcers, an incidence of 19. G per cent; these 
patients were .siibmitle<l to surgery because of failure of the ulcer to 
heal or bccmi-c of recurrence of gastric ulcer after healing under medical 
treatment. 
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Second, good results after resection de 5 >eBd upon adequate resection • 
two-thirds or three-fourths of the stomach must be removed to prevent 
recurrent ulcer. Removal of the pylorus or antral area of the stomach 
carries as much surgical risk as a high resection and will result in re- 
current ulcer in a large percentage of cases. 

Third, operation, whether partial resection or gastroenterostomy, does 
not permit the patient to eat everj-tliing and to avoid long-continued 
postoperative ulcer management iJe shonld follow a careful dietarv 
regimen and be under the care of his gastroenterologist for a long period 
of time to avoid recurrent ulcer 

Lastly, meticulous attention to technical details of the operation, 
avoidance of contamination from visceral contents during operation, 
control of hemorrhages and avoidance of trauma will make for lower 
mortality and will contribute greatly to an uneventful, uncomplicated 
postoperative recovery. 

The type of technical procedure employed in partial resection of Uic 
stomach makes no great difference if sufficient stomach is removed and 
if the ulcer is also removed, which can be done in almost every case if 
the relationship of the ulcer, especially duodenal ulcer, to important 
structures such as the common bile duct »s recognized Resections wh/cJi 
do not include removal of the ulcer are p.<»lhative resections and are not 
true radical partial resections and should not be termed so. This type 
of palliative resection may result In a high percentage of recurrent ulcers, 
The Finsterer resection with exclusion of the ulcer Is sucli an operation 
and has not been used in this clinic for seven or eight years. In an earl.v 
senes of cases in which the Finsterer procedure was occasional!^’ em- 
ploye<l, ulceration recurred in over 50 per cent. In several instances in 
which a jejunal ulcer recurred after a high resection but nith the duo- 
denal ulcer not remoi'ed, wo were able to effect healing of the recurrent 
ulcer by simplj’ excising the unrcmoi’cd antral part of the stomach. 

MODIFIED HOFFMEISTER TECHNIC 

The method of resection of the .stomach routinely employed in the 
clinic for the past ten years has been a modification of the Iloffnieister 
technic of partial gastric resection The gastrojejun.il anaslomosi!- i> 
made anterior to the transverse colon with the proximal loop of jejunum 
placed at the greater curvature of the stomach. As >tatcd previous v, 
a ratlical re.section of the stomach is umforiiilj" employed ^ith rcmoia 
of two-thirds or three-fourths of the stomach. It is our opinion tb.'it w 
curreiice of ulcer witli few exceptions is reUlcd to a large degree to in 
sufficient removal of the stomach. , 

A left paramedian or transrectus incision is made, extending from 
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left costal margin to the level of or beloW the umbilicus; the incision is 
made long enough to permit adequate evposure of the stomach and 
<luoden»mi. The incision on the leh side of the abdomen is preferred 
since the pylorus normally lies in the mid line of the abdominal cavity 
and the duodenum is only slightly to the right. This incision allows 
ready approach to the fundus and even the cardia of the stomach and 
thus permits a high resection to be carried ouf easily under the left costal 
margin. The muscles, fascia and other layers of the incision in the ab- 
dominal wall are protected by abdominal pads containing a layer of 
waterproof cellophane between the gauze to prevent contamination of 
the incision when the lumen of the stomacli or jejunum is opened into 
during the operation. 

After cNploration of the abdominal viscera, the location of the ulcer 
is identified and its relation to other structures is determined. Should 
the ulcer be located in the duodenum, its relationship to the common bile 
duct and ampulla of Yater must be establislicd before attempting to 
mobilize the duodenum and pylorus in preparation for resection. In 
chronic, deeply penetrating duodenal ulcers, in which there is much in- 
flammatory reaction about the ulcer, a layer of sear tissue envelops the 
first and second portions of the duodenum wliich will conceal the outline 
of the duodenum. The convexity of the duodenum is mobilized by divi- 
sion of this scar tissue and ])critoneum parallel to the upper border of 
the duodenum, the course of the duodenum and its relation to the gas- 
trohepatic ligament arc easily delineated and the duodenum may be 
turned medially. If the ulcer is low in the duodenum or adherent to the 
gustrohcpatic ligament, the common bile duct must be exposed and 
visualized Cf’ig* 285). The common bile duct is then incised longitudi- 
nally, and the ampulla of Vater is dilated by the Bakes dilators in order 
that a limb of a rubber T-tubc can then be passed into the duodenum. 
This placing of the T-tube into tlic bile duct and through tlie ampulla 
of Vater into the duotlenum establishes definitely the course of the bile 
duct and its relation to the ulcer. The ulcer may then be removed with- 
out danger of injury to the common bile duct. This is a simple but ex- 
tremely important maneuver in preventing injuries to the bile duct with 
their rcsulLint stricture formation and postoperative obstruction to the 
flow of bile into the duodenum. Inlubjition of the common bile duct 
does not increase jjostoperative morbidity or adversely affect mortality 
but, on the contrary, grcjilly facilitates mobilization of the duodenum 
and removal of the ulcer in difficult cases. However, it is well to em- 
phasize that exposure and intulxition of the common bile duct arc neces- 
sary in only a few cji^es, that is, those in which the ulcer is low in the 
lUiodenum or iiulumtion and inflamnuition about the ulcer involves the 
.slniclnrcs nlxiut the common duct. 
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When it is definitely established that a duodenal ulcer can be removed 
withoiit injury to these important adjacent structures, the greater and 
lesser curvatures o{ the stomach are mobilized by clamping, section and 
ligation o{ the blood supply in the gastrocolic and gastrohepatic omen- 
tum (Fig 286). If the patient is obese or the omentum is thickened nilh 
fat, it is detached from the colon and resected with the stomach. Tins 
makes the resection much easier and permits an easier exposure and 
direct ligation of large vessels around tlie pylorus ; it also permits an 
anterior gastrojejunostomy to be made more easily. Mobilization of the 
pyloric area and duodenum can be facilitated by passing a sponge poste- 



Ftg 28J — Pjdonc end of stomach and first part of duodenum The ulcer is adherent to 
the gastrohepatic ligament and common Inie duct The common bile duct has been eTposed, 
incised longitudinally and a rubber T-tul»e inserted nilh the long limb passed through the 
ampulla of Valer into the duodenum This will aid materially in establishing theloralion 
of the ampulla of Vater and permit easier dissection of the duodenum and ulcer from the 
common bile duct and pancreas 


rior to the stomach and using this as a traction tape to elevate the stom- 
ach. Following mobilization of the pylorus and duodenum, the duode- 
num is divided and the distaf ilisided end closed by one of seiera 
methods (Fig- 287). The mobilization of the lower end of the stomao 
and the duodenum is made readily if one recalls that the gaslrooo ic 
omentum and mesocolon arc fused just below the antrum of the stomac t 
This area of fusion consists of avascular areolar tissue which 5 Cj«MffS 
easily if the peritoneum over the pancreas is divided at the point o re 
flection onto the posterior wall of the stomach (Fig 288), permitling 
the mesocolon with its miiUlIc colic vessels to be linished down gen . 
with gauze. This will expose the gastroiluodenal artery as it cour^5 
over tlie head of the pancreas posterior to the antrum of the stomac 
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This artery can be divideil and ligated at the inferior border of the pan- 
creas. The chronic indurated ulcer which is usually on the posterior wall 
of the duodenum may be adherent to the pancreas and usually such an 
ulcer has penetrated the wall of the duodenum so that the ulcer base 



Fig 28(1 — ^tobillzation of the stomach and duodenum. The gastrocolic and g.astro- 
hepalic onientn have l>een divided and ligated. The right gastric vessek are shown along 
the superior liorder of the duodenum. Xote the relation of the common bile duct to the 
duodenum and ulcer. The gauze sponge is passed around the stomach and used to elevate 
the stomach 

consi-its of pancreatic and scar tissue. It is not necessary to remove this 
base; the ulcer is removed by detaching the ulcer orifice on the <Iuo- 
deiml wall from its ulcer base. 

With the <hiodenum divided and the disUd end closed, the stonmcli is 
drawn upward and to the left of the abdomen (Fig. 989). If the resec- 
tion is done for gastric ulcer, the ulcer is often found attached to the 
pancreas or liver. This adherent indurated ulcer can be detachc<l easily 



Fig, 287 — Oosureof tfaeJuodenum.MvefaliDftibodjina}’ be used as sho« n in a «ndi 

a, The duodenal stump miy b« sulutcd «i(h « running stitcb of chromic 0 catgut (!) 
and the clamp removed (2) The closed duodenalend istbenjnvertrJ «i(h>RlemjptrdBu)t’ 
tKSJ sutures of bijck silk fS, 4) 

b, 'niieii the duodenal stump after mobilizalioR and removal of the ulcer is short, bo 
clamp is applied in order that duodenal length may be eoMerved, a Connell stJlcb ol 
chromic 0 catgut is used to invert the open end of the duodenum, this ti then rric/orml 
with interrupted mattress sutures of black silk ITns in turn rosy be further reinforced h) 
suturing the closed end of the duodemim against the scarred brad of the pancreas 



easier mobilisation of the pyloric part of (heatomach and duodenum. 
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under direct vision by sharp or blunt dissection. The left gastric artery 
is visualized and divided at a high level along tlie lesser curvature of the 
stomach. The lesser curvature of the .stomach is cleaned of omental 
tissue and this is likewise done on the greater curvature, ligating one or 



Fig 289 — The duodenum has been divided and closed by Inversion. The stomach Is 
elevated and dra^vn to (he left. 

a, The von Petz clamp has been applied at (he lewl at sthich the stomach is to be 
divided, leaving about one-third or one-fourth of the stomach above the clamp. 

b, Thestonirtcli is now divided between (lie double row of inserted clips with the cautery. 
N*ote th.nt the bonlers of the stomach above the clips have been cleaned of omental tL«sue 
to permit more accurate inversion of comers ami more accurate anastomosis of jejunum to 
stomach. 

two of the short gastric vessels. Tliis clearing of the borders of the stom- 
ach will permit accurate approximation and inversion of. the gastric 
wall at the iKirders of the stomach (Fig. 289) ; about two-tbirds or thrcc- 
fourtbs of the stoinneb is removed. Before dividing and removing tins 
Ix)rllon of the stomacli, however, the loop of jejunum which is to form 
the pistrojcjunal anastomosis close to the ligament of Treitz is brotigbt 
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anterior to the colon. This will prevent unnecessary contamination at 
the time of division of the slomaoli, so that the protecting abdominal 
pads do not have to be disarranged to select the proper loop of ieiwnum. 
The von Petz clamp is now applied at tight angles to the long a\h of 



Fig 200 — ^The lesser curvature epil of the transected stomach is in^erled with elipa^ 
place with a continuous chromic 0 catgvl suture which is then reinforced with inferrupl™ 
mattress sutures of black silk (see o). The jejunum is sutured to the pustenorsall oflli* 
stomach at the site of anastomosis wilh wteirupted sutures of black silk The jejuM 
Imueii is opened into by longitudinal incision and the stomach is openetl by cutting 
the clips in the uninverted end of the stomach This will form the gastfo;ejunal sloroa 
second posterior continuous interlocking stitch of chromic catgut is then placed and t i 
U continued anteriorly as a Connell stitch (6 and c) to close the anastomosis and form 
stomaf orifice 

the sloinacb at the level at which the stomach is to be ditoded and 
clips are inserted (Fig. 289). A Payr cfcimp is applied disla lo 
double row of clips and tlie von Pete clamp is rotnoved A Babcoc c am^ 
is applied at the level of the clips on the lesser and greater curvature 
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support and elevate the gastric stump when the stomach is divided by 
cautery between tlie two rows of clips. 

Tlie upper one-half or two-thirds of the transected end of the stomach 
with the clips in place is inverted witli a continuous suture of No. 0 
chromic catgut on an atraumatic needle (Fig. 200). This suture line is 
reinforced with a second layer of interrupted mattress sutures of silk. 
The lower uninverted end of the stomach along the greater curvature 
mil form the gastric stoma into the jejunum. 





Fig. 3!71.*~CompIetioti of the gastroj«junal an.'Utoinosie nbich completes the partial re- 
section of the stomach, a, Xote Ih.'it the chromic catgut stitch nhich forms the second 
posterior suture Jayer is continued anteriorly as a Connell suture which closes the lumen 
of the stoni.ich .ind of the jejunum to form the gastrojejunal stoma. 

b, The completed aimstomosis which is reinforced with interrupted sutures of black silk. 
N*ote that the j'ej’unum beyond the anastomosis is sutured to the closed and ins’erted end 
of the stomach Note also that, for reinforceinenl, the gastrocolic omentum is sutured in 
the angle formed by the stomach nml jejunum at the greater curs*.Tture of the stomach. 

The selected loop of jejunum is brought anterior to the transverse 
colon and is sutured to this uninverted end of the stoinach with inter- 
rupted mattress .sutures of silk. Tlic gastrojcjunal stomal orifice should 
be about three fijigerbrc.adths m width. 

The jcjimuiri is opened by a longUiidinal incision and the uninverted 
end of the stomach is ojicnctl by e.vcising the crushed portion with its 
clip", (I'ig. 290). Ctmtainin.itioii is prcveiilefl hy suction of jejunal and 
p^^tric contenti. .Vll active bleeding fHiiuts are lig-.iteil by fine catgut. 
A second iKisterior suture of eliroinic catgut is begun at llie right end of 
the anastomosis and currieil as tm mlcrlocking stitch through all layers 
of the jejunum and giislric wall toward the greater curvature of the 
stomach. This posterior interlocking .suture of catgut is then continued 


77G 


SASroEL F. MAnSUALL 


anteriorly from tlie greater curvature end to the right as a Connel! stitch, 
serving to invert the gastric and jejunal edges and thus closing the anas- 
lomosis and forming the gaslrojejunal stoma. This anterior suture line 
is reinforced witli interrupted (Lempert) sutures of silk. 

The distal jejunal loop beyond the stomal area toward the lesser 
curvature is buttresseil against the closed inverte<l end of the transected 
stomach to reinforce tlie suture line and to remove tension on angle 
sutures of the anastomosis (Fig. 291). The gastrojejunal angle at the 
greater curvature is reinforced by suturing the divided end of the gastro- 
colic omentum to tliis angle. The proximal jejunal loop is thus placed 
at the greater curvature. 

Entero-enterostomy between the proximal and distal jejunal loops 
should not be done This not only is unnecessary for proper drainage of 
stomach but deflects the alkaline duo<lcnal contents from the stomal 


TABLE 1 

Partial (5 astrcc Ileaectioff roa Feme Ulcer 1037-1048 Ikcivsitb 


! 

Number of 
Patients 

Number of 
Postoperative. 
Deaths 

Operative 
^^Qrtallty. 
Per cent 

Duodenal ulcer 

710 


i 53 

^ Gastne ulcer 

205 

8 

1 40 

Jejunal ulcer 

1 133 

3 

i 3 

Gaatrojejunocolic fistula j 

! 31 

2 

0 5 

Total operated cases j 

W9 

S6 

i 4 


orifice. This is an important factor in preventing recurrent ulcer at the 
gastrojejunal anastomosis. The abdominal cavity is inspected for bleed- 
ing points before closing the abdominal wound, which is done without 
drainage 

The abdominal wound is closed in layers of the peritoneum, fascia, 
muscle and skin, the peritoneum is closed with a continuous suture of 
chromic catgut J?y use of the waterproof cellophane pads, any con- 
tamination of tlie abdominal wall iodsion is prevented. We are, there- 
fore, able to employ interrupted silk sutures in approximating muse e, 
fascia, subcutaneous tissue and skni. This is also a layer closure. Shou 
the patient be elderly or have poor abdominal wall tissues, further re- 
inforcement of the incision may be obtained with a few interrupt 
retention sutures of heaxy silk These Utter stitches are rarely 
sary and the large perccnLige of these trounds heal witliout m ec ion, 
and rarely is disruption of wound observed. The operative rooi i , 
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following partial gastric resection for peptic ulcer for the past 12 years 
lias been 2.4 per cent in 107{> cases (Table 1), 

Partial gastrectomy can be done with low mortality even witli many 
patients wim have serious complicatctl ulcers. Postoperative results 
following partial gastrectomy are, in genera!, excellent. 
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PARTIAL PANCREATECTOMY: EXCISION OF THE TAIL AND 
BODY OF THE PANCREAS 

Richard B. Catteld 

Considerable progress has been made in recent years in the surgical 
treatment of diseases of the pancreas. With increased interest and study 
of this problem, more conditions have been suecessfiilly treated by partial 
or total removal of this gland. Unfortunately, there are serious obstacles 
to the establishment of a correct diagnosis both before operation and at 
the lime of abdominal e.xploralion. With an increasing cNperiencc in the 
management of these lesions it is probable that means will be discovered 
which will permit more accurate diagnose.s. It is only by keeping in mind 
the possibility of the presence of the lesions of tlic pancreas in obscure 
upper abdominal conditions that the prc.scncc of tlie pancreatic lesions 
may be suspected or proved. Unforlunulcly, there are few diagnostic 
aids, such ns the roentgonographic visualization of organs adjacent to the 
pancreas, when distortion or displacement of these orgiins occurs. Deter- 
minations arc made of the amylase or lipase concentration in the blood 
and incomplete digestion of carboliydmtes un<l i)rotein may be found by 
special studies of the stools. At times lesions of the pancreas attain suf- 
ficient size to produce localizing signs in this region. For tlie most part, 
however, it is neccs.sary to make a prcsuinj>tivc diagnosis of u pancreatic 
lesion ba.scd on the lustorj' in the absence of other demonstrable findings. 

Tlicre has been sufficient experience in tlie surgical treatment of pan- 
creatic lesions to demonstrate that tliis organ is amenable to surgical 
attack. \Mien the lesion involving the pancreas is sufficiently serious to 
justify a major procedure it must be apprcciateil that it c;irries consider- 
able risk both as to morbidity and mortality. In tlio Surgical CIinic.s of 
North America for June 1048; I presented the technic employed in 
this clinic for removal of malignant Ie.sions Involving the lower end of the 
common bile <luct, aiiiinilla of Valcr, duo<lcnum and head of the pan- 
creas. This procedure of radical pancreatoduodenal re.scction has liecn 
carried out for G3 iiialignant lesions and 5 benign lesions in this area, with 
morlaVity of approximately 13 |>cr cent. ^Ye have encountered fewer 
lesions Uiat are confined to the tail or Iwdy which are amenable to .surgi- 
cal removal. In the past three years, iKirliul iiancreatcctoiny u ith removal 
of the tail and Iwdy of the I>aiicreas has been carrle<l out a number of 
limes without mortality. Tlie technic of this operation will be pre- 
sculcfl. 
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INDICATIONS FOU OPERATION 

1. Cysts of the Faticreas 

S Hecurrent Relapsing Pawrcatitis 

3. I*ancieatolilhiasis 

4. Pancreatic Fistulas 

6, Islet Adenoma 

C. Carcinoma of the Body of the Fancteav 

The single cysts encountered in the body of tlic pancreas that do not 
communicate ■'vith the ducts can usually be excised without removal of 
portions of the pancreas. ^Yhen they are of large size and associated nilli 
chrome inflammation, operation may be conducted in two stages with 
marsupialization and drainage of the cj’st at the flrst stage, foiloued by 
removal of tire tail and body in three months, during which time (he 
cavilj' shrinks to a small size, permilling more accurate identification 
of the surrounding structures. Most of the single cj-sts that comimintcale 
with the ducts are best treated either in one or two stages by partial 
pancreatectomy. The muUiloculat cysts which usually follow recurrent 
inflammation of tlie gland may be treated in a similar manner, but all 
require resection of the body to accomplish complete relief of syniptoms. 
IVe have not encountered multiple or multilocular cysts that appear to 
be of congenital type. 

Increasing numbers of patients arc being seen with chronic relapsing 
pancreatitis. If the process h chiefly confined to the bo«Iy, partial pan- 
createctomj' offers the best chance of relief of the disabling pain and 
digestive sjmptoms. This lesion is likely to be extensive and in some 
cases, after exploration, partial pancreatectomy has been deemed unmse 
and an attempt made to relieve the symptoms by left thoracolumbar 
sympathectomy. 

PancreatohthiaVis is infrequently encountered. tVe have ob'^tved 
cases with the stones confined to the head, and 2 cases with paijcrealo- 
lithiasis and diffuse calcinosis limited to tl«e body and tail. The severe 
symptoms present in these cases justifj' partial pancK-atcctomy whf*» 
leclinicaily feasible. It has boon carried out in 2 patients 

Pancreatic fistula may be the result of trauma or penetrating ^ ounJs or 
may follow acute pancreatitis when drainage has been ifistituted- 
creatic fistula, however, most frequently occurs as a resuU of dnuiw^ 
of cysts of the pancreas. At limes, these fistulas may be transplant 
into the lepimim or stomach. Excision of the fistula nitli closure of t 
cuwuuKiications to the ^Mncrcatlc ducts is rarely sncccs''fub 
piincreatcclomy may be the most effeotiw means of curing (b« 
tion. Failure to discover hyperfunctioning pancreatic adenomas o ^ 
islet cells may necessitate partial pancreatectomy, as suggest^' ) 
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Waugh, when the adenoma cannot be discovered. In the few patients 
treated at tJic clinic the adenoma has been found and removed locally but 
in 1 case in which the adenoma showed nudignant degeneration, partial 
pancreatectomy was carried out by IVIarttball. 

We have had no experience with i>artud pancreatectomy for carcinoma 
of the body of the pancreas. A successful case was reported by Gordon- 
Taylor in 1934; the patient was li\dng at that time, seven years after 
partial pancreatectomy. Unfortunately, most of the malignant lesions of 
the body of the pancreas already have extended bej'ond the gland, mak- 
ing resection impossible. 


ANATOMY 

The most satisfactory approach for exposure of the bodj’ and tail of the 
pancreas is through the gastrocolic omentum on the left side. The tail of 
the pancreas is usuallj’ in close relationship to the lower portion of the 
hilum of the spleen and injury to the latter structure may be unavoidable, 
l)articularly if chronic inflammation of the pancreas is present. The upper 
portion of the transverse mesocolon may likewise be densely adherent to 
the inferior border of the pancreas, imkiiig a line of dissection difBciilt 
to obtain. The stomach is usually adherent to tlie anterior surface of the 
pancreas, but can usually be disengaged without difficulty. 

The protection of the vascular structures in the region of the pancreas 
is the most difficult technical part of the operation. These structures are 
by no means constant in tlieir course and relationship and must be in- 
di\ndua\ly identified as the procedure is carried out. The splenic artery 
passes along the superior aspect of the body, giving off branches to both 
the body and tail. There are large longitudinal arteries from the gastro- 
duodenal artery that pass into the pancreas on its superior aspect. 
Similarly, the inferior pancreatoduodenal artery gives large branches 
to the body on the inferior surface. Both the middle colic arteries and the 
inferior mesenteric artery must be carefully identified and displaced 
downward to avoid injury. 

The large venous channels in this area are even more difficult to 
identify and protect than tljc artcrie.s. The splenic vein lies on the superior 
asj)cct of the body and, as it p.as«cs to the left, comes to rest behind the 
body and tail, \llien inflamiiwlion is present It may appear to be an 
integral. ixjrt of the pancreas. TIjc junction of the splenic and superior 
mesenteric veins forms the iwrlal vein and must he identified previous 
to divirion of the neck of the pancreas. 

Ill partial pancreatectomy only the duct of Wirsung is encountered. 
The accessory duct rarely passes be^-oud the neck of the pancreas. If 
some degree of obslniclioii to the duct is prc.scnt it can usually be idcnli- 
fieii by iKilpalion on the anterior surface or by aspiration. 
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INDICATIONS FOR OPERATION 

1. Cysts of the Pancreas 

2. Becurrent Belaps’mg Pancreatitis 

3 Pancreatolithiasis 

4 Pancreatic Fistulas 

5 Islet Adenoma 

C Carcinoma of the Body of the Pancreas 

The single cysts encountered in the body of the pancreas that do not 
communicate svith the ducts can usually be excised without rcmoi-al of 
portions of the pancreas. ^Yhcn they are of large size and associated willi 
chronic inflammation, operation may be conducted in two stages with 
marsupialization and drainage of the cyst at the first stage, followed by 
removal of the tail and body in three months, during which time the 
cavity shrinks to a small size, permitting more accurate identification 
of the surrounding structures, hlost of the single cysts that communicate 
■with the ducts arc best treated either in one or two stages by partial 
pancreatectomy The multilocular cysts which usually follow- recurrent 
inflammation of the gland may be treated in a similar manner, but all 
require resection of the body to accomplish complete relief of symptoms. 
^Ve have not encountered multiple or multilocular cysts that appear to 
he of congenital type. 

Increasing numbers of patients arc being seen with chronic relapsing 
pancreatitis. If the process is chiefly confined to the body, partial pan- 
createctomy offers the best chance of relief of the disabling pain and 
digestive sjTUptoms. Tlvis lesion is likely to be extensive and in some 
cases, after exploration, partial pancreatectomy has been deemed unwise 
and an attempt made to relieve the symptoms by left thoracolumbar 
sympathectomy’. 

Pancreatolithiasis is infrequently encountered. IVe have obsened 
cases with the stones confinetf to the head, and 2 cases with p.ancrcato- 
Uthiasis and diffuse calcinosis limited to the body and tail. Tlie sewre 
symptoms present in these cases justify' partial pancreatectomy when 
technically feasible. It has been carried out in 2 patients 

Pancreatic fistula may be the result of trauma or penetrating wound? or 
may follow’ ncule pancreatitis when drainage has been instituted 
creatic fistula, however, most frequently occurs as a result 
o! cysts of the pancreas. At times, these fistulas may be Irausp 
into tire jejunum or stomach. Excision of the fistula with elnsiire o I 
commimications to the pancreatic duels is rarely .successful. ^ 
pancreatectomy may be the most effecli%'e means of curing Ibis 
lion. Failure to discover hyperfunctioning pancreatic adenomas o 
islet cells may necessitate partial pancreatectomy, as sugges 
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colon downward. Elevation of the stomach and depression of the posterior 
layers of the transverse mesocolon permit wide exposure and access to 
tlie body and tail of the pancreas (Fig. 292). 

Most of the lesions involving the body and tail for which partial 
pancreatectomy is necessary lead to such gross changes in the pancreas 
and adjacent structures tliat the limits of the pancreas are hard to deter- 
mine. For this reason, removal of the spleen, leaving it attached to the 



Kg 233. — The spleiuc artery has been lignteit and divJdwl, as tvtll as the v.nsa hreria 
The spleen has been delivered from the rround and the tail of t}ie pancreas is elevated. 

pancreas, is nccc.s«.ary. *1110 splenic artery is first identified as it comes 
down from the ccHac axi.s (Fig. 292). It is ligJtted and divided at the point 
where it passes to the left nl a coiisidentble rlistance from the spleen 
(Fig. 293). .After <livi.Mon of the vasa hrevia vessels to the upper i>orHon 
of the -spleen, the laUcr is ddivcrwl from the wound with elevation of the 
tail of the pancreas (I'jg. 993). 

Dissection is then carried out from in back, elevating the .spleen ami 
tail of the pancreas from the kidney and i<lentif\ ing the slructure.s of tlse 
hihim of the ki«lney. Great care must lie dirccle<l to protect the inferior 
mesenteric artery and vein, which arc in conUrcl w ith the inferior uuirgin 
0 
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of the body of the pancreas, sc^Kimted onJy by the one posterior layer of 
the peritoneum of the Iransversse mesocolon. AVith further elevation of 
the body of the p.inore.is, the sidenic vein is isohiteil and separated from 
the superior aspect of the pancreas Displacement of this structure back- 
ward permits its accurate hgaiion and dinsion The proximal side of the 
spfenic vein is then foUo^veif to its junction with the superior mesenteric 



fnsrt, Closure o! the cut entJ ot the pancreas 


vein At times this dissection must be rliscontinued because of Iwhnicu 
difficulties, and the neck of the pancreas is clevaterl after identification 
of the superior mesenteric vein and portal win. The superior 

pancreatic arteries, both anterior and posterior, as they leave 
troduodenal artery are now secured and lipated. Following this, the s or 
arterial branches of the superior mesenteric artery at the inferior >or< 
of the pancreas are dealt with. If the neck of the pancreas has not a rea^^ 
been divided, it is divnded at this time, with removal of ^ 

specimen (Fig. 294). As the neck of the p.incrcas is sectione<l, ^ 
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of ’Wirsung is identified and carefully closed by nonabsorbable suture 
ligatures. The neck of the pancreas is then carefully closed by interrupted 
nonabsorbable sutures, as shown in Figure 294, inset. This results in 
good hemostasis of the cut end of the pancreas, as well as effective closure 
of the tiny duct radicals. 

Gelfoam is quite useful In the control of ooze from the bed of the pan- 
creas. A small incision is then made through the gastrohepatic omentum 
for the introduction of a cigarct gauze drain to the bed of the pancreas. 
The gastrocolic omentum is then closed. 

SUMMARY 

An increasing numl>er of lesions of the pancreas arc being eucoimtered 
which involve the body and tail. 

Indications for partial pancreatectomy with excision of the tail and 
body of the pancreas are; cysts, recurrent cysts, chronic relapsing 
paucrcalilis, pancreatolithiasis, pancreatic fistulas, islet adenoma and 
carcinoma. Inflammatory lesions arc Ujc most common. 

A technic for partial pancreatectomy is presented. 
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of the body of the pancreas, s^cpardted onb" by l\ie one i^stcrior hi% cr ol 
Uu; pervloneum of the transverse mesocolon. tMlh further elevation of 
the body of the jiancrcai., the splenio vein is isohitetl and separalcil fron) 
the superior aspect of the jumcreas. DispUcerncnt of t\\is structure bicli- 
want permits its accurate ti|*.ition ami division. The proximal side of {he 
splenic vein is then followed to its junction uith the superior mesenteric 



Fig 294 — Djagraimaatic rejwwenlalwn ^)f the major slructurw encouoteret at f f 
junction of the body and head ot the pancreas Tbe sptenic xevn has been 
the branches from the gastroduodenal and superior mesenteric arteries). Tb« o * 
pancreas has been divided *ho«ang the duct of \?\rsung 
Insft, Qosute of the cut end of the pancreas 


vein. At times this dissection must bo discontinued because of technica 
difficulties, and the neck of the pancreas is elcvatHl after identifical^” 
of the superior mesenteric vein ami portal vein. The longitudinal 
pancreatic arteries, both 
troduodenal artery arc no 
arterial branches of the S' 
of the pancreas are dealt v 
been divided, it is divided at this lime, with removal ot me "‘J''' 
specimen (Pig. 294). its the neck of the pancreas is section j ^ 


anterior and posterior, as they ---- - 

V secured and ligated. PoUowing this, th^ 
ipcrior incscnleric artery at the inferior 
ith. If the neck of the jiancreas has not atrra* 



REPAIR OF INCISIONAt HERNU 
Richard B. Cattell 

Incisional or ventral hernia is a frequent late complication of 
abdominal surgery. It is usually the result of partial ilisruption of the 
fascial layer folloTrc<l by an opening in the peritonea! layer. Unless actual 
eventration occurs it may not be rocognized during the immediate 
postoperative period. It is usually the result of a wound complication such 
as bleeding or infection in the abdominal wall. If partial disruption c.an 
be recognized during the postoperative period by discharge of blood or 
serosanguinoiis fluid from the wound later hernia can usually be avoided 
if immediate secondary closure of the wound is accomplished. Incisional 
hernia most often occurs in obese individuals and is particularly prevalent 
when there has been a postoperative pulmonary complication. It is also 
coumion when abdominal surgery has been undertaken for malignant 
disease in debilitated and poorly nourished patients. 

IVith better selection of the abrloniinal incision, the incidence can be 
decreased . The employment of transverse incisions and those which avoid 
cutting more than one or two nerves Hkenise result in a stronger 
abdominul incisional scar. 

The repair of large incisional hernias may be quite difficult by any 
type of procedure, particularly those with large defects of tlie abdominal 
nail The use of nonabsorbable sutures in effecting the repair, and the 
Use of fresh fasciii as describoif by Gallic have given improved results. 
Alloy steel wire has been cfTcctively utilized by Babcock and others to 
cfTcct the repair. In large defects Koonlz has described the use of large 
squares of tantalum ine.sh. 

In 1949, I described a simplified technic for repair of large incisional 
hernias which was foun<I quite practical. It has now been cmploye<I over 
a jicriod of ten years with gootl results. 

Patients who have large incisioiml hernias are frequently poor risks 
cither Ixcause of obesity or because of cjirdiovascular or renal condition.s. 
Because of the frequency of jw-'tojicrativc complications in this group of 
julienis they .should Ik? very carefully sUidictl previous to sulvising opera- 
tion. Pulmonary complications and thronilwphlcbitis may follou" repair 
hut c;m uMially be avoided. 01>cxc iwlicnl.s should be put on a strict 
rctluclioii tlict im<l rop.iir shouhl delayed whenever j>ossihle until 
their weight falls nilhin a normal range. Recauve of the markc<l changes 
In intra-nlMlojiiinal pre.ssurc prodiicwl by the rojwir, it is well during the 
tK-rlm\ of preixnmtlon to have them fittcil wiDi art abdominal licit to 
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reduce the contents of the hernia as far as possible within the abdominal 
cavity. 

In some patients, bce.iuse of marked ihsability or abdoininal jmin, 
operation must he advised before weight reduction. Likewise, when 
incarceration is jiresent with ihrcatcnctl or impemling strangulation of 
the contents of tiie sac, operation must lie carrieil out at a less advantage- 
ous time With large herniHs, at times the skin becomes ulcerated bccau«'e 
of excessive pressure, and immediate operation should then he adiised. 
Under these circumstances the technic wliicli will be described is particu- 
larly applicable since it can be carried out with a minimum of technical 
difficulties even in very obese patients 

The usual technic employed for the repair of incisional hernia inclttcles 
isolation of the sac and its contents, following which the layers of the 
abdominal wall are dissected out separately. This is frequently a long and 
tedious dissection and even when cameil out in the best manner possible 
it may result m obtaining quite weak layers that are not easily sutured 
owing to Uicir irregularity and weakness 

The chief difference in the conventional method of hernia repair and 
the plan which will be described is that the strong layer of the ringii not 
disturbed 'fins ring consists of fragments of the peritoneum, muscle and 
fascia and, m the upper abdomen, portions of the posterior rectus sheatli 
and transversahs nmscle The layers of tlie abdominal wall are fdenti’/Ied 
subsequently during the repair at some distance from the ring. 

TECHNIC 

After applying traction to the previous incisional scar, an elliptical 
incision is made around the scar incorporating the excess skin of the 
abdominal wall (Fig. 295, a). By firm traction, the contents of the sac 
will usually fall awaj'. The incision is then continued outward through the 
layer of fat unUl the fa*,cia is cncounterwl (Fig. 295, 61 These lateral 
flaps are freed up for a considerable distance laterally beyond the ring 
of defect, leaving a broad surface of fascia exposed. It is a relatively 
bloodless procedure. Traction is inaintainetl on the sac and sharp dissec- 
tion is carried out medially around llie entire neck of the sac .“it it* 
tion with the fascia (Fig. 295, b). . 

When a wide dissection of the flap has been carried out, the s ' n is 
incised over the sac, which is entered. The abdominal contents are 
completely freed from the sac and the di'ssection carried out well heneal 
the abdominal wall for the full circumference of the defect. It is 
quently advisable to c.vcise lan^ portions of omentum. Tiie s ' n 
excised from the sac, and the fat cut away from its entire sur • 
29G, a). ^Yilll the defect of the abdominal wall outlined, the pen 
is approximated in a longitudinal direction with a continuous 
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cliroinic interlocking suture, including all layers of the abdominal wall 
that are attached to the hernia! ring (Pig- 296, ft). This can be accom- 
plished even when large defects are present. 



Kift ' 25 ) 5 . — a, Ttic tiulluit of Ihe hmili is shown. An clHpU'cat incNioti lias liocn nja<!e 
rnchwinp IJic <icar nn<l skin. 

fr, IjitemJ linvc bern frc<‘i},rxpo<in}'tliefav<:ii. Thedivieclion then carried inedi- 
nllj torxpdiellieedp'of tlicdorect in (hcslulominal wall. 

Ihe large redtiiidancy of •«ic is cut ttwjiy ul a <li'slance of 2 cjn. from 
t!)e previous .suture line. 'Hiis miundaiit twrlion of the sac, again con- 
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ti.ining portions of pcnlmieum, muscle ami fascia, is ajij.rosi.natcl uilh 
mlcrrijptcd or continuous cliromic sutures nnincdiateh- overlying the 





f^/ 


Fig 296 —a, The sac is opeiie<i and the contents freed anti rciluced The skin *n'l 
are dissecfed from the peritoneal a.ir 

6, Closure of the hernia defect from the inside of the s.ic Dotted line sbmi s the lm« cf 
removal of excess sac 

first suture line (Fig. 297, a). In some pjitieuts witli large defects thc^ 
two layers are closed b.\’ means of alloy steel wire and the operalif>n »' 
concluded with this simple repair. Tim is effective in the up]>er psift ° 
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the abdomen it the previous incision has hcen made in the linea alba or 
midlinc. At limes it is suflicieiit in lower rnidlinc incisions as well. It is 



Tip iJOT.—a, TJie rfiiiaiiiliigfrceciIcTH sutured. The tiolletl line shows Ihe position of 
liiefasrinl incision. 

t, The nieJiaJ bonlm of the fasdul layer are approximnlcd. The masde has been ex- 
pasctl 


recoinnicntlei}, liowcvcr, tlml a fiirllicr l,iycr closure lie effccled, as \fill 

be flc'^crilictl. 

An cbijilic.il jnci«ifm «s iiiatle al ,*» tlislancc of 2 cn». on cacli sitle lateral 
b) Uie prenmis Milnrc line in a {msition as iutliculccl Uy the dotted Une iu 
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Fifjurc 297, a This e.xposes the muscle on either side, wliich may he freed 
up to any extent desired The ineilial borders of tJie elliptical incision arc 
ajtproxmiated as the third layer, as indicated m Figure 297, b. 

The fiisciiil layers are freetl ujt for a crmsidcrahlc <Ustauce from the 
muscle and interrujiled sutures arc tisetl to approximate the fascia at the 
upper and lower angles of the incision. This is done to take the tension 
off the muscle, iluscle sutures are then alternated with fascial sutures 
until the fourth and fifth layers are completed (Fig. 298). If the fascu 
approximates witJi too great tension, the lateral Ihips of the incision, 
including skin and fat, arc clexTiled and coiinlcrincisions in the fascia 



Fig 29S — .Mtern.iting sutures nre t.-iLcii lo approTimafe muscle and fascia 

are made at some distance laterally Xo attempt is made to close the 
lateral defect. Following the clasure of the five layers, the fat an s 
are separately sutured Drainage of the wound is optional and is rare . 
used except to drain the fatty laiw 

COMMENT 

During the immediate postoperative period, full 
the abdomen is kept in place. Deep breathing e.xerciscs are 
is light coughing. With the abdominal support of a binder, ear j a 
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lion is encouraged. We prefer to haw the |>alient.s remain in bed for two 
days since al! are operated on under iwnlocuine spinal anesthesia am! 
headaches are avoidefl if ambulation is begun on the thinl day. Ace 
bandages are iippHed to the legs an<i leg exercises are carried out at 
frequent intervals during betl rest. Prophylactic use of dicumarol may 
be indicated. Patients are dischargetl from the hospital usually in 
ten to fourteen days, with a well-fitted canvas abdominal belt. Obese 
patients arc given a low calorie diet and arc advised to avoid gaining 

eight. 

This plan for the re^rnir of incisional hernia has been used in a large 
group of patients during the )»ast ten years witii very good results. The 
simplicity of the procedure, winch can be carried out rapidly and without 
an involved dissection, possesses great advantages for the type of patient 
who has a large incl.sional hernia. The procedure is equally applicable to 
hernias located in the upper alMlomcn, both in the median line and 
through the vertical incision through the rectus muscle It has been used 
more often in lower midline incisions and for low right rectus incisional 
hernias. Tlic same principle lias been employed in licrnias of all sizes in all 
quadrants of the abdomen. In our experience, repair cfTected by this 
mclliod is followed by a very low incidence of comjiiications and recur- 
rences. 


SUMMAftY 

A technic for the repair of incisional hernia has been presented wliicli 
is applicable to most incisional hernias irrespective of size. It lias been 
carried out frequently in very obese patients when, because of complica- 
tions, reduction of weight has been inadvisable. 

The chief difference between ibis method of repair and the one gener- 
ally employed is that the repair is carricil out after dealing with the sac 
and its contents without scpanitc ilissection of tlie layens of the ab- 
dominal wall. The heniial ring ts appmximatcd, following which the 
layers are ideivtifioil and approximated over this preliminary closure. 

REFEKENCE 

I CnUclf, It. 11 : .\n uiiuMi.'tl for the repair of liicNiorwI hernia. S. Cuv. N'ohth 

.\MKh?c\ 2^ TW'TiW (June) ISIS. 




THE REPAIR OF INGUINAL HERNIAS 
Kenneth W. Warren 

The endless stream of medical literature describing inetliods of 
surgical repair of inguinal hernias reflects a disturbing lack of agreement 
regarding the fundamental anatomical and technical requirements for 
success in this field. Differences of opinion in assessing the relative im- 
portance of the various anatomical structures wliich constitute the ab- 
dominal nail in tlic inguinal region arc central to this slate of confusion. 
Ancillary .sources of disagreement revolve around the choice of suture 
material, the utilization of continuous or iutemiptcd .sutures, the period 
of postoperative recumbency and iIjc time of resumption of full physical 
activity. 


INDIRECT VERSUS DIRECT INGUINAL HERNIA 

In the literature of the past much attention nns rlirected toward Uie 
differentiation of these separate types of hernias, from tijc standpoint 
of both clinical recognition and surgical repair. That tlic two tj’pes are 
dissimilar in location and origin cannot be seriously questioned. Nor can 
one substantiate the tlicsis that the anatomical requirements for ade- 
quate repair of these typos of bernius arc always the same, and yet one 
of tlje common errors iti arriving at a reasonable concept of inguinal 
Ijcrnia repair is failure to recognize that an indirect liernia with a greatly 
widened Internal ring (which widening always occurs at the e.vpense of 
the Iransversalis fascia) is similar in its fundamental defect to a direct 
henna. 

It would be better, perhaps, for surgic;il considerations alone, to re- 
gard the small, indirect inguinal hcniia in children and young adults in 
a separate class, for all that is required for their surgical elimination 
wlien the internal ring is not dilatcil is llic complete c.vcisioti of the sac 
with liigh ligation at its neck. 

In large indirect licrnias in which the tninsversalis fascia constituting 
the internal ring has been disruptol (and it may be disrupted all the 
way to the pubic spine by a progressively c-vpanding indirect liernia) and 
in dirvcl hennas, llie primary concern in rcpJtir is tlie rcslonition of the 
integrity of the tninsvcrsaliH fascia. To the o.vtcnt that the essential 
nnaloinical dcfecl.s in indirect hcmia.s with markedly eiilargc<l internal 
rings and in direct Iicmtns with disruption of the transvcrsalis fascia in 
Ile>scll>aeld.s triangle arc the same, the surgical repair of each variety 
>honhl be .similar. 
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Many authors in recent years, particularly Bartlett, Zimmerman 
FaJhs, Anson unci AlcVny, hihI Ilarkhi^t, have .stressccf the sign/ffoance 
of the traiisversahs fascia Fallis lias {Hiintei! out that in direct ingnin.il 
henna the rectus nuiscles temi lo be naiTo%v in their inferior extent, that 
tlie external ingninnr ring is congcniUtlly enlarged and that the internal 
oblique arui traiisversus abdominis niiiscies fail lo become fibrous until 
they reach the lateral edge of the rectus sheath, thereby precluding the 
formation of any significant conjoined tendon. 

Anson and MeVay have been impressed during their anatomical and 
surgical dissections with tlic relationship of the transv’crsahs fascia to 
the inguinal and to Cooper’s ligament. They contend that the trans- 
versus aponeurosis <loes not allacli it*clf to the inguinal ligament, hut 
inserts into Cooper’s hg.iinenl, and they h.ave described a hvpe of repair 
which approximates the me<lial aspect of the tr.in«vers.slis fascia lo 
Cooper’s ligament. Harkins luis utilized lids maneuver and attempts to 
justify- its uniform appllealion to all types of inguinal and femoral 
hernias 


THE REQUIRE.MEN'TS FOB INGUINAL HERNIA REPAIR 

There are certain technical a.«pects of the surgical treatment of hernia, 
jtirelatcd to controversial anatomical considerations, which may appear 
•uconsequentuil, hut uhich may prox-e decisive in the ultimate success 
Df failure of any method of rcp.iir. 

ytncsthesia Tlie muscular relaxation, the placid movements of the 
ibdominal wall and the absence of intra-abtlominal tension resulting 
from spinal anesthesia combine to make this the .anesthetic method of 
dioice m the repair of hernia. 

Si/l' or similar nonabsorbable suture material is preferable to catgut. 
The empIojTnent of buruxl silk sutures presumes a high regard on the 
part of the surgeon for shari> dissection, careful hemostasis am! the 
absence of undue tissue tension. 

Early ambulation is s.afe and proper in most instances, but reducing the 
hosfiilal slay iiwterially below two xveeks is a questionable pr.ictice. 

Routine opening of the peritoneum at the intern.al ring in both direct 
and indirect inguinal hernia should be observed. This maneuver vri 
accomplish several thing<!. U will insiue that an indirect s-ac will not >e 
overlooked It will permit an assessment from within the abdomina 
cavity of the st.itus of Ilesselbacli’s triangle and the femoral cana . 
will obviate the greatest risk of injury’ to the bksdder and it wil 
the conversion of the direct sac, when present, to an indirect sac, a er 
the manner of Iloguel. The opening of tlie peritoneum, prefew i 
the internal abdominal ring, should be practiced in ex-cry repair o 
guinal hernia. 
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Anatomical rcqnuements for repair. If one accepts the lliesis that the 
transversalis fascia constitutes the first restraining force the anterior 
abdominal wall offers to inereasetl intra-abtlominal tension, one must 
conclude that tlie restoration of the integrity of the tr.insversalis fascia, 
in either direct or indirect hernias, is the sine qua non of an adequate 
repair. If this important structure is to be restored to its normal func- 
tional integrity it must be thoroughly exposed from the anterior pubic 
spine to the superior margin of the internal abdominal ring. TJiis ex- 
posure is facilitateil by the excision of the cremasteric muscles. It is 
important in indirect inguinal hernias ixith widening of tlic internal 
abdominal ring to delacli the cremasteric muscle from the margins of 
the transversalis fascia at the internal ring in order tliat these margins 
may he approximated about the spermatic cord after the hernial sac 
has been eliminated. It is even more adi’anlageous to remove the lower 
fibers of the cremasteric muscle when a ilirect defect is present so that 
the medial and lateral margins of the transversalis fascia in Hcsselbach’s 
triangle can be recognized and approximated w^tliout intervening cre- 
ma.stcric fibers. Bartlett has emphasized repeatedly the validity of this 
jirocedure in his writings on his concept of repair of inguinal hernia. 

JUinforcing the trauscersalh fascia. In indirect liernia with minor de- 
grees of di.sruption of the Ininsversalis fascia at the internal ring, no 
elaborate means of reinforcement arc rc</uirc<l. Simple approximation 
of the freed margins of the transversalis fascia constituting the internal 
ring will suffice. The vuhicrabilily of Hcsselbach’s triangle, on the other 
hand, is serious in direct inguinal henuus, and adequate surgical repair 
necessitates furllier reinforcement. 

Innumerublc approachc.s to this problem have been pursued, ranging 
from Bassiiii’s apfiroxiination of the conjoined tendon to the shelving 
edge of the inguinal ligament, to vecci\t attempts to utilixe Cooper’s 
ligament instead. The inadequacy of the former maneuver, in many in- 
stances, is related to the verj' limited extent or utter ahsence of a con- 
joine<l tendon and particularly to its tmavailahility except in the lower- 
most part of He-sselbach's triangle. More recently, Anson and MeVay 
have questioned the reasonableness of utilizing the inguinal ligament for 
any part of the repair of inguinal hernias. They contend that the trans- 
versalis fascia lines not insert into the inguinal ligament ami they decry 
further tlie use of a mobile b.-istion, .such as the inguinal ligament, on 
stniclund ground.'. 

Ziimnerrnan, in a brief critique on the McA'ay concept, has pointed 
out (I) that the mobility of the higiiiiial lig.iiiienl is not a serious objec- 
tion to its ulill7,ilion in inguuial heniia rct>.iir, .since failurc-s rclatetl t«» 
the mobniz.ition of the ingtiinai Iig:iiiient would apfiear as feinonil re- 
currences, a type of recurrence rarely seen; (3) that the insertion of 
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Fig 299 — Topograpli^ of ngbt ingumil region $ho« ing jkin incirion approTusatel} i 
cni above and parallel to the mguinal ligament, extending from theiplneof tbepubu to a 
point slightly below the anterior superior spine of the iliiun. 



Fig 300 — The aponetiro»is of the external oblique has been divided in 
its fibers The lateral f! ip is reflected oatirani, revealing the shelving edge o t e i 
ligament The spermatic cord fa retracted medially, esposing the pubic spinr- 
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Fig SOI — The loedial fl.ip of Ut« npooeuro^K of the evteriif'l oblique hns beeji reflected 
medially, nnd the anterior rectus sheath has been inci>e«l vertically, near the midline, thereby 
relaxing the Intend toargin of the rectus sheath 



Jig — The rrenn^ter rmi-cie has been mii>i\e<l, exp«»'irig lh<>rt,nghly the ilirect de- 

lerl in the tran<‘\ers.ilH fa«ria. The lipiled stumps of the rreinastcr imi\rle are visible on 
tlie Intonl nnd nie«lu1 a«pec!« of the internal alMlommal ring 
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sutures into the anterior pubic {lament (Cooper) is difficult and hazard- 
ous in terms of possible injurj* to the femoral vein, and (3) that these 
sutures into Cooper’s ligament cannot be earned far enough lateralwanl 
to protect the entire area of llesselbacli’s triangle. Despite these objec- 
tions, with which the present author agrees, e\cencnt results have 
reporletl with the utilization of this mcthorl of repair, and this means of 



Fig 303 — The inlegrity of the Iransvers-ilw fascia in Kesselbacli’a Iri.ingle has been re- 
stored by a series of interrupted silk sotures, invaginating the defective area shoiva m 
figure 30J The conversion of the direct bemislsac into an indirect one is not shoanin Ih* 
illastration 

The insert shons the reconstruction of Ilie internal abdominal nngby approiimatii’g^^* 
raargtns of the transversalis fascia snugly flliout the cord 

reinforcing the transversalis fa«cia at the lower level of the inguinal 
canal is occasionally employed. 

The method of adiling sup|H>rt to the floor of the inguinal canal ujion 
which we generally depenil coniprchends the utilization of a reatin- 
incision in the internal obliyiic fa-sciit nettr the midline where it 
tutes part of tlie anterior rectus sliaith, and approximation of t le i en e 
aponeurotic structure at the lateral margin of the rectus sheat o 
shelving edge of the inguinal ligament. 
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In direct hernias and in indirect ruptures with disruption of the trans- 
versalis fascia, the floor of the inguinal canal is further reinforced by 
imbricating tlje aponeurosis of the external obliqvjc bcuealK the inobil- 
ized cord structures after the manner of Ilalsted. 



301 — Tile loner edge of llie rectus she.itli is Jieuig approximated to the shelving 
edge of the medial third of the inguinal ligament in order to reinforce the reconstrucle<l 
tmnsversalis fascia Above this level the inlemal oWiriue muscle is sutured to the inguinal 
ligament. The advanC.ige of the relaxing incision in the anterior rectus sliealh mil become 
evident ns these sutures are lied 

TECHNIC 

An incision is made in the skin and subcutaneous tissue about 2 cm. 
above and parallel to the inguinal ligsimcnt, extending from the level 
of the internal alxlominal ring lo or slightly beyond the spine of the 
pubis (I'ig. 2f)9). Tlic scgiiieiil of the spermatic cord between the ex- 
ternal alKloniinal ring ami the scrotal entrance is retrteted medially, 
exjmsing the sjiinc of the pubis. The aiwncjjrosis of the external oblique 
muscle is incisevl and the lateral Iciiflct is mobilireil to the depth of the 
shelving edge of the inguimtl ligament (I'ig. 800). The mc<lial flap is 
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moLUizeti to the point of its insertion into the anterior rectus slieath 
near the midline. Tlte rolaving incision iii the anterior rectus sheath 
IS made at this time (Fig. 301). Tlie cord is mobilized from the inferior 

a 



Fi^ 305 —a, The aponeurosis of theexternil oblique H bdiipimbhealed over thesper- 
Di.iticconl Tills nielhod of closure is preferable in suiall imhreet hernias 

b, Imbr'icrttioii of the exforiiaf oblique benenth ifie sporm.-ific coal, afVet the wawer of 
IlaUfccl, adds strenfrfb to the floor of the iniuunalcitnl This inaneiJver is employed i'* ''* 
rcct and in I.trge indirect hernias in nlnch the transwisahs fascia is disrupted 

aspect of the iiiguinal canal, thus eximsing the spine of the pubis at 
transversalis level. 

The cremasteric muscle and fascia are incisctl and the cord sfniclurts 
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are delivered from these investing inembnines. Tlie attachments of the 
cremaster are severed from the lateral and inerlia) margins of the trans- 
versalis fascia constituting the internal abdominal ring. The cremaster 
fibers are dissected from the floor of the ingtiinal canal and are chunped 
and divided below the level of the pubic spine (I'ig 302) The direct 
defect in Ilcsselbach’s triangle i.s thoroughly exposed. 

The cord is placed on slight tension at the internal ring and the in- 
direct sac is identified and opene<l. If no indirect sac is present, the 
normal reflection of peritoneum at the internal abdominal ring is grasped 
and opened. With an examining finger inserted into the peritoneal cavdty 
an appraisal is made of (1) the size of the internal ring; (2) the status 
of the tran.sversalis fascia in Ilesselbach's triangle, nntl (3) the integrity 
of the femoral canal. 

In indirect hernias, the sac is separated from the cord and tlie neck is 
closed with a purse-string suture. If the indirect sac is large, it is incised 
circumfcrentiuUy at its neck and the <lislal portion is not removed. 
Direct sacs arc converted into indirect ones, as adv'ocatcd by Iloguet. 

Tlie plastic reconstruction of the interna! ring is accorapUshed by ap- 
pro.viniating tlie lateral and medial inargin.s of the transversalis fascia 
with interrupted sutures of medium silk (Pig. 303, inserl). Defects in 
the transversalis fascia overlying IIe.ssell)ac}d!» triangle arc closed by 
imbricating the structure with a row of similar sutures Cl’ig. 303). The 
floor of the inguinal canal is reinforcerl by approximating the dense 
ajKmeurotic structure which constitutcj. the lateral margin of the rectus 
shcatii to the shelving edge of the inguinal ligament (Fig. 304). This 
maneuver is facilitated by the relaxing incision previously made in the 
rectus sheath. In indirect hemia with minor degree.s of di-sruption of the 
tr.insversalis fascia the external oblique aponeurosis is imbricated abov'c 
tlie cord (Fig. 303, a). In direct hernia and in indirect hernia associated 
with lo.ss of integrity of the transversalis fascia, the externa! oblique is 
.sutured beneath the cord as (}escribe<I iii Ilalstcd’s original operation 
(Fig 303, b). .\ppro.\inialion of the skin and .subcuUtncoiis tis-suc with 
interrupted .suturc-s of fine silk completes- l)ie procedure. 

SUMMARY 

?omo jwrliucTvl anatomical considcratious. relative Uv inguinal hernias 
are discussed, 

A method of repair is dc-senbetl, 
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OPEUATIVE PROCEDURES ON THE GALLBLADDER AND 
COMMON DUCT 

Bextley P. Colccx:k 

With tlic development of moiiern surgiciil facilities and technics, 
cholecystectomy has become one of the most frequently performed of 
intra-abdominal operative procedures. All surgeons of experience, how- 
ever, particularly those who have been caUe<l upon to repair strictures 
of the common duct following cholecystectoinj', decry the light-hearted 
.nttiliule often manifested toward thin operative procedure. The possi- 
bility of an immediate or eventual faLality as a result of irreparable 
damage to the hepatic artery, the j>ortsil vein and particularly the com- 
mon duct is inherent in every cholecystectomy. Pr. I^vhcy has repeat- 
edly emphasized the absolute necessity of an adequate exposure, a dry 
fichl, a good light and an accunatc anatomical demonstration of the 
common, cystic and liepatic ducts, and hepatic and cystic artcrie.s in all 
operative procedures in tins urea. 

Surgerj’ of the biliary tract has long been one of tlie major interests of 
this clinic. We believe that w'henevcr gallstones can be demonstrated 
that patient should have removal of those stones, preferably by chole- 
cystectomy. This includes the so-callc<l silent slnnc. In our experience, 
patients with gallstones which have been usyinptomalic, sometimes for 
years, may have serious complications develop, such as perforation, 
obstruction, secondary liver damage and pancreatitis. Many of the 
complications of cholelithuisis, such as acute cholecystitis, common 
duct stone.s, internal biliary fistulas, and so forth, occur in patients wlio 
have known that they had gallstones but Jiave neglected to have their 
condition Ireatctl. If one is going to adopt a policy of advising chole- 
cystectomy whenever the <liagnosis of eholehthia‘5is can he established, 
one must have a plan of management that is associutcii with a minimum 
of morbidity and mortality. In a review of llOt cjises over a five-year 
period ending in December 1&45 the ?nortalily rate at the clinic was 
0 0 per cent.* 

A second important charucteri«.lic <»f any technic for cholecystectomy 
should be an c.vposurc nliieh will permit ojiening and exploration of the 
common bile duct wlicnevcr any one of a mmiher of indications is pres- 
ent. We now explore the common duct in 45.7 per cent of all ca.sc.s of 
clinlelllhi.'isis with an incidence of common duct stone being found in 
IG.8 per cent. Tliis means that ux* must not confine our indications for 
choltxlochoslomy to llie pre.seiicc or history of jaun<licc. Forty-seven 
l)er coal of the 1104 jxitient.s jm^doudy referred to wlio were found to 
SOS 
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have stones in their common ducts did not have jaundice. We are con- 
vinced from an experience nl over 1500 explorations of the common duct 
tliat, m the hands of surgeons trained in the surgery of the biliary tract 
clioledochostomy does not increase the operative mortality or appre- 
ciably increase the operative morbidity. 

A third and most important a.spect of a technic for operative proce- 
dures on the gallbladder and common duet is that the exposure must be 
such that injuries of the hepatic artcrj', the portal vein and the common 
bile duct are reduced to an absolute minimiiin. We have now operated 
on more than 170 patients ivitli benign stricture of the common bile 
duct In 80 per cent of these patients the stricture sias ilue to an opera- 
tive injury ivhich had occurrcfl at the time of a previous cholecystec- 
tomy. These patients with stricture of the common duct present some 
of the mo‘-t {lifficuU problems to be found in aUlominal surgery. Any 
patient who has an injury to his common bile duct faces a certainty of a 
long period of invalidism, the proliabihty of one or more serious ah- 
ilominal proccrlures and the very rt^al possibijity of a dcfjnitely shorteneii 
life In over 5,000 gallbladder o]>er.ition.s in this clinic only one operative 
stricture has been producorl. 


CHOLECYSTECTOMY FOR CHRONIC CHOLEC\STITI8 AND 
CHOLELlTHIASiS 


1 In the absence of jaundice or acute symptoms, most of these pi' 
tients will not require extensive preoperative preparation in tlie hospital. 
Most Will have had a gastrointestinal .study to rule out disease of the 
.stoiuxich, chrodenum and colon. 

Any associated cardios-ascular disease should be treated as adcqu-ildy 
as possible before the p.iticnt is scheduled for operation These patients 
are placed on a high carbohydrate, high protein, low fat diet. 

2. The preoperative medication fora healthy, vigorous patient under 
50 years of age is p.antopon, | grain, and scopolamine, tw grain, subcu- 
bineously two hours before operation, and S grains of a short-acting 
barbiturate orally one hour before ojieration.^ Tliese ilotcs are rcdueei 
for older and weaker patients an<l the patients over 60 are not ® 


barbiturate , 

We believe that spinal anesthesia is the anesthesia of choice for a 
operations on the biliary tract. Not only docs it provide the 
exposure and relaxation so important for the surgeon ivlien wor 'uig m 
a deep wound in close proximity to siicJi structures as tlie hep.alie 
portal vein and common duct, but, unlike deep general anesthesia, i 
little or no deleterious effect ujKm tlie liver. This is iiuportan 
many of these patients have long-standing hejialic d.imagf p^lLei'f 
to their biliary tract ilisease. We have no cmiccrn relative to ‘ 
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spinal anesthesia in the upper i>art of die abdomen since all anesthetics 
are given by a competent physician anesthetist and the level is accu- 
rately controlled by the use of a pontocnine-glucose nii\'ture. For pa- 
tients with common duct stricture, fnictional spinal anesthesia, using 
pontocaine solution, is often employed. In addition to the spinal anes- 
thesia, these patients are often carried under very light general anes- 
thesia so that they will be oblivious to what goes on about them. 

3. Incision. The type of operative incision is not important c.\cept 
lliat it must be of sufficient length to afford adequate exposure and admit 
adequate liglit to the region of the cystic duct, cystic artery and common 
duct in the depths of tlie wound. In an obese individual or patients with 
wide flaring costal margins, lliesc structures may lie at considerable dis- 
tance from the surface of the abdomen. At the clinic we use either a 
right rectus muscle splitting incision or a right paramedian incision, 
retracting the upper right rectus muscle. 

4. Exploration. The peritoneal cavity is opened, and the abdomen is 
Ihorougiily e.vplored. Most of our [laticnts with disease of the biliary 
tract B’ill have had a complete gastrointestinal study before coming to 
operation. Nevertheless, it is our custom to palpate carefully the liver, 
pancreas, kidneys, slomacli, duodenum, colon and rectum before starting 
the cholecystectomy. If the o.\j>Iorntion is negative and the diagnosis of 
cholelithiasis is substantiated liy the presence of stones in the gall- 
bladder, a Pennington clamp is placed on the gnllblatlder and the right 
lobe of the liver rolate<I downwar<l and outward by breaking the suction 
lielwccn the dome of llie right liver and right diaplimgm. Tlie stomach, 
duodenum and transverse colon arc then retracted mcdialward and 
domiward to the patient’s left. \Micn iJic duodenum and hepatic flexure 
are retracted to tlie left, the heiwtic and eoramon ducts are put on the 
•stretch, the foramen at IVinslow becomes visible, and one can obtain a 
clear view of all the important stmctiircs that must be dealt with during 
the course of the procedure (Fig. 306), Finally, before dissection is 
started, a gauze sponge is jilaecd down to the region of the foramen of 
Winslow to collect any blood or bile which might escape and drain into 
the lesser peritoneal cavity. 

^YilU a secoiul clamp placed on ilicoinpuna, the gallbladder is put on 
the stretch, anti a flap of peritoneum reflected on eacli side. loiter, this 
will bo nset! to peritonealizc the gallbladder bed wlu’cJi we feci is im- 
portant in preventing adlicsions to the duodenum and pylorus willi 
resultant disturb.ancc in gastric function. Unless we arc dealing with 
acute cholecystitis, we prefer to remove the gnllbl.uhler fniin below 
upward. Accorxlingly, onr next .step is to incise the pcrilonenm over the 
g.islrtihepulic ligjvinent luul i’*ol.ite the cystic artery which is then 
cliinijKMl and tlirided. By .securing the cystic artery' first, tliree tilings 
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are accomplished : (I) the subsequent dissection is curried out in a rela- 
tively dry field , (2 ) wlien the qj’stic artcrj' is dn-ided and release«! from 
the gallbladder, the conwlutions of the cystJC duct can be straightenrsl 
out and the junction of this duct with the common duet more dearly 
and accurately defined, and (3) it eliminates the danger of serious hlecfl- 
tng from tearing the cystic arleiy through traction on the gaiibladder. 



3(1C> — Operdtive fieW The abdonmiaJ Msc«ra are retracted {o{b« , 

gnUWaiWerjsretractcd upnaixland lolben^htaiirl theQsticarfery^ntiosh*^ 

exposed after reflection of fbeir penloneal coxertnj:. It aiH be noted tbit I / le 
artery niH have to be ctamped and divided before the convolution of the cj stic ur 
straiglifened out, perraittingclear visualiaalionof itsjanction mlh thecoraraon uc . 


A careful review' of the operative notes conceinmg the original 
cj'stectoiny on patients sent to us for re{Kiir of coniinon duct s 
indicates that serious bleeding from the cystic artery during t le o 

II ot .nt-iri.ihlV in 


live procedure mis ii frequent occurrence. alu“>st ''J ' 

n.-itients the site of stricture in tlic coiiimou duct rviil he foiiiu ' 
the point vliere it is crossed by the cj-slic .rrtery, slrouely snSS' r 
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that in securing hemostasis the common duct itself had been caught in 
the hcmostals. 

After the cystic artery has I>een divule<l and the c.v slic duct put on the 
stretch, its junction with the common duct is clearly demonstrated so 
that the cystic duct can be clampetl, divided and iigated (Fig. 307). 
Tins is done at a point which will leave no stump of cystic duct in which 



Vig. 807 — Tile flnp of pcriloneum lias Wen reflec\wl along tacli siilrnf iSie gallWailiJet 
tlie cystic artery tlivitietl ainl ligafetl and (lie jurietfonof the wuuunu and cystic <Iucts 
isolate^!, permit ting the latter to liediviilwlniMl I«pi(e<t flush nith the common duct and the 
Eillhl.iddcr removal from Iielow upH.ird 

stasis aiui subsequent stone formation might occur and at tlte same time 
not cause any impairment of the lumen of the common duct. We feel 
sstronpiy that the chimping of t>olh cystic artery and cystic duct at one 
time with the same inslrumciit is a practice which shotiUl he abandoned. 
.\flcr the cystic duct has been divided the gallbladder is then removed 
from XvAnv tqvv.aTd, with ciitefui watch for tvi\v accessory Wooti vessels 
or accessory bile ducts v.!nch may enter either the cystic duct or pall- 
bladficr from the liver h«l. t\c believe that it is the discharge from such 
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divided accessory bile ducts rather than a slipped ligature on the cystic 
duct which occasionaliy gis-es rise to biliary peritonitis. Since many of 
these small ducts will not drain bile immediately and are easily oi-er- 
looked, we invariably add the additional safeguard of placing a Penrose 
or cigaret drain domi to tlie foramen of WinsJon- at the completloa of 
the cholecystectomy. 

If choledochoslomy is not indicated, the peritoneum of the gastro- 
hepatic ligament is then approximated over the stump of the cystic 
stump and cystic artery anil o\cr the gallbladder bed If the appendix 
is present, ive routinely remove it proviiled it can be safely done through 
the existing incision The incision is then cloced m layers, 

CHOLEDOCHOSTOMV 

1. The various indications nhicli, in our opinion, call for exploration 
of the common iluct in j^iticnls with cholerttluasis have been rexiened 
ebewhere * A surgeon operjtting on a patient for cholelithiasis must make 
very certain that the entire biliary tract is left free of calculi before 
completing the oporatixe procedure. At the present tirne no exjdore 
the cotainon dirct in 45.7 per cent of all p.ilients witli cholelithiasis. 

Fifty-three per cent of our patients who Imx'c common duct stones 
are jauncliccrl or gi vc a history of j.nmdicc and all p.ilicnls with common 
duct stones should he assumetl to have some degree of lix'er damage 
If an appreciable degree of liver damage is present, these patlenU will 
rexjuire several <lays of prco|K;ralive preparation Anemia must be cof- 
reded, the serum protein deterinmed and rcsloretl to normal, or os near 
normal as possible If jaundice is pre.«ent these imtients should receixe 
from 4 8 mg to 9 mg. per <lay of synthetic x-itamin K by intramuscukir 
injections Vitamins A and B arc also given since these p,itients are often 
deficient m this respect and tlie electrolyte balance, particularly serum 
chloride, should be checkcxl and restored to norm.il {imits before op- 
eration 

2. The same exjjosure which we belicx'c is an essential part of a chole- 
cystectomy’ will also prox’idc adequate exposure for choledochostouij* 
The incision in the g.'istrohepatic ligament to expose the junction of t r 
cystic and common hepatic ducts will e.xpose the anterior surface o t « 
common duct through which esploration is to be c.xnicd out. \'e do 
believe that the coniiuon <luct can be adequately exjdorexl 

slump of the cystic duct and for this reason a longitmlinal 
malic on the anterior surface of the common duct jiisl below the j«nc i 
with the cystic. The .suction tip is held close to the duct so as 
spillage of bile when the duct is opcneiL A sponge has a rea J 
placed m the foramen of Winslow to prevent any bile xw b ooi rai 
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into the lesser omental cavity. The margins of the duct incision are held 
apart by long Allis type forceps, the teeth of which have been removed. 
The right and left hepatic duets are first explored with the sound to 
demonstrate their patency. Scoops and forceps arc then used to remove 
any stones or detritus from the lower cml of the common duct. \Mien we 
are satisfied that the common duct is clear, the ampulla of Vater is care- 



Fig SOS. — Tlie coiujJioii duct !•»>* Ijecn exploml beJow l)ie stiioip of the cystic duct and 
the incidon closed about an ind»eHingT-tube. Tl»e peritoneum nil! be opproTimatetl o\er 
the gallMaddcr bed and er the iipileif cystic duct andartecy and cwmmon <!uct. The drain 
IS placed down to the foramen of Winslow. 

fully dilate<l by graduatccl ll.-ikcs dilators to a size corresponding to that 
of (lie duct and any remaining swHmcnt washed through into tlic duo- 
denum by a Gitlietcr. No force is used m dilating the ampulla. As soon 
ns the srnallc.sl dllaUir has gone Ihroiigh, the subsequent dilators are 
inoldtd to the .same ctin*c and fKisscd in llie sinie direction until the 
desirtsl dilatation has been obtainc^l. 

3. We do not close any common duct without <Irainagc and we prefer 
a T-ltibc to u c:ilhclor for this punwso (Fig. 308). If fihrosis and stenosis 
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of the ampulla ha\-e bwn foun<l, a long ann T-lul>{r with one hmh of Iht 
T passed through the ampulk irell down Into the duodenum is used lo 
maintain the dilatation of the ampulla until all danger of secondarj* 
constriction is passed. Tliese long arm T-tubes arc often left in for six 
to nine months 

4 For the aversigc patient a tul>e nith the cross ana cut ven- short 
is inserted and the incision in the duct closed about it by fine interruptcil 
sutures. The T-tubc is clampwl for one hour on the seventh i»-.lopera- 
tivc day and ihU penoti is doublni each day until it is clampeil con- 
tinuously If the patient's stools have resumed their normal color it i« 
removerl about the twelfth postoperative day. If there has been markftl 
dilatation of the common duct or cadences of severe cholangitis, the 
T-tuhe may be left in for as long as three to six months. If nwm stones 
have been found in the common duel, a cholangiogram is usually made 
before the T-tube is removed to make certain that no stone has been 
overlooked or has passefi down from the intrahepatic portion of the 
bjlinrj' tree following the choUxlochostoiny. If the patient is being sent 
home with the T-tul>e in, he •’» instructed cither to open the T-lubeat 
night and aJIoiv it to drain into a boUte at the side o! the betl or to im- 
gate the tube twice a day to maintain palcncj'. 

5. Choledochosloniy has not mcrcase<l the mortality or appreciably 
affcctcil the morbidity follomng cholecystectomy, and the advisability 
of e.xplonng the common duct sliouhl l>e carefully considered in esYry 
patient subjccterl to cholecyslccloniy for cholelithiasis. 

COMMON DUCT STRICTUnE 

Stneture of the common duct as a result of injury to the duct dunng 
the perfonnance of cholecystectomy presents one of the most difficult 
problems encountered in alxiominal surgery. ^Ve have bad considerable 
experience with tiiese patients and Uiis experience has }>t?en renewed in 
detail by I;.aliey* and by (Jattell.* TIic most important aspect of tl"’ 
problem is its prevention and the value of good anesthesia, adequate 
exposure and careful anatomical dis'KxrUon in the pre^-enlioa of common 
<lucl stricture has a!rc.«!y been emphasixcrl. 

As Lahey has pointed out, the prospect of obtaining a good surg'” 
result in these patients nho have a stricture of the common doel^ 
depend upon the ty pc* of injury to the duct, whether or not a pressfU’ 
attempt at rejiair had been made and whether irrefKinible User 
has occurrcil as a result of repealed and long continued obstruction an 
infection of the liiliary tract- Cattell* lias poinlMi out that two 
methwls of repair are available; first, anastomosis of the proxinw 
of the duct to the gastrointestinal tract, that is iluodenum or 
and second, restoratioa of continuity of the duct by suture at t ^ P 
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imil and distal ends over ii tube prcser\dng the normal sjddncteric action 
at the lower end of tlie duct. In onr experience, repair by the second 
method is the method of dunce au<l will give the beat results whenever 
it can be accomplished. lie has poinletl out that frequently this can be 
uccompli.shed, even though there is ajiiwrcutiy no lower .segment of com- 
mon duct remaining, by completely mobilizing the finat and second por- 
tions of the duodenum and occasionally splitting the head of the pan- 
creas in order to develop the undamaged lower portion of the common 
tluct for anastomosis to the upper end over one arm of a T-tubc. It is 



Kk 303. — TliU iUuftrat<*5 itu* ro«»I dfsirabic of fcp.iir foUoninj stricture of the 
c<iuu«oH duct An cwl-lo-end suture of the duct itself is being carrietl out, thus presemng 
the sphincter iucchnnisin nt the ampulla TlieT-tube will main t.iin thepitencj’of ihenn.TS- 
tomo,«is mill) atJ dan^r of imrro'ving of the an-istoinoMS n pa^'-eil It shouW be nolwl that 
the long arm )i.Tsbmi brought out the norma) portion of IhccoininoJi duct so that its with- 
draunl will Uot affect the .sren of aiiastomods 

nnporlant not to bring the vertical limb of the I’-tubc out at the site 
of the anastomosi.s but through an incision in the duct below this fioint 
‘'O that its subsequent rctufival will not damage the .suture line (Fig. 30t>). 
Those Inbc' are left in i)lacc for at least .si\ to nine months. 

CHOLECVSTECTO.MY Foil ACUTE CHOLECYSTITIS 

1. In acute cholecystitis we Iwlicvc that surgery as soon as the jta- 
tlenl's gctiend condilirm uill {tcrmil, preferably within forty-eight hours 
following the onset of syiiiptimis, will lie associated with a lower mor- 
tality and lower morbidity rate than will tlic jK>licy of waiting until the 
acute process svjbsules. These iMticnts &hotiM 1^ adniilttul to the hosjutal 
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promptly, fluids and glucost by vein started immediately, and opera- 
tion carried out as soon as any existing dehydration or disturbed blood 
chemistry has been restored to as near normal as possible. In a series 
of 74 pathologicali}' proved cases of acute disease of the gallbladder 
reported in 1948, there ^as one postoperative death, a mortality of J.S 
per cent * 

2 The usual cholecystectomy- incision is made ami the usual exposure 
obtained. The edema in the gaHhlarWer n-all usually prevents any at- 
tempt at the reflection of peritonea! flaps with which to reperitonealixe 
the gallblavhler bed Contrary to our usual custom of retrograde removal 
of the gallbladder, m most of these patients we fee! it is safer to dissect 
the gallbladder from its bed beginning at the fundus and proceeding down 
to the cystic aricry and common duct, because of the amount of edema 
surrountlmg these important structures. 

In patients with m.arkcdly distended gallbladders, better e’qiosureol 
the cystic artery and <(uct may be obtained by first emptying the gall- 
bladder witli suction. The fundus is punctured with the trocar suction 
lip and when the gallliladder is empty the puncture wound can be 
closed by a clamp as tlic suction is withdrawn, preventing any spillage 
of bile 

S Common duct stone as a complication of acute cholecystitis is not 
uncommon and in the previously reported series of 74 patients, a com- 
mon duct stone wax found in 10 8 percent. In other words, common duct 
stones are just as frequently found associated with acute cholecj-stilis 
tvs with chronic cholecy.stitis, and the exposure and tiisseclion should be 
such in tliese p-stient? as to peniwt cboJecyslostomy when iiuhoitcd just 
as when operating for chronic cholecystitis and cbolelitbiasis. 

4. AA’hencvcr possible we prefer to carry’ out cholecystectomy for acute 
cholecystitis Occasionalfy, because of the patient’s condition, it nia.v ^ 
necessary to do only a cliolecyslostomy In tliese jxvtients, the fundus u 
exposeil and carefully walled off from the rest of the peritoneal eavit?' 
A small incision is made m the dome of the fnndus and the gallbladi er 
emptied. The margins of the indsios are then hdd open by Allis forr^P* 
and scoops and gallbladder forceps used to empty the gallbliddet o 
stones. Occasionally the only stone present will be a small one w o 
far down in the cystic duct. Tins should be removed if possible A rg® 
callicter is then placed m the opening of the g.il[h{adder and 

closcvi about it by two or more inverting purse-string sutures. ^ 
ter is then brought through the omentum and out through t e upp^ 
portion of the incision. ... 

5. Patients with acute cholev^'stitis arc usually given pemci i 

operatively. At the present lime we are using 300,000 units ' , 

‘aiectiou daily (crysticillin). Many of these patients areag 
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have associated cardiovascular disease, TOiey should be carefully watched 
from this point of view following their operative procetlure. 

SUMMARY 

Gallbladder surgery is major surgerj’. It should not be attempted by 
the occasional operator or by any surgeon who is handicapped by in- 
sufficient experience or inadeipjate facilities. WTien performed by a 
competent surgeon with good light and adequate exposure, it is asso- 
ciatetl with a low morbidity and mortalit5' rate, and is a credit to modern 
abdominal surgery. 
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RESECTION OF THE SMALL INTESTINE 

Kekketh W . Waruen- 

Resection' of the small intestine, particuhrly when performed in the 
absence of obstniclion, is considerably less hazartlous than resection of 
the colon. Factors which contribute to this relative safety in the seg- 
mental removal of the small bowel include (1) mobility, (2) rich col- 
lateral vascular supply, (3) well developed submucosal and muscular 
coats, and (4) less infectious intestinal contents. 

AMien obstruction is present, surgical manipulation of the small in- 
testine may present a real challenge to surgical judgment and technical 
skill. Frequently, the choice of the proper time to operate and the election 
of an appropriate method of resection in instances of small bowel obstruc- 
tion are requisite to a successful outcome. 

GENEHAL CONSIDERATIONS 

Tlie functional reserve of the small intestine is great and this factor 
jicrmits of a generous sacrifice of the bowel in those pathologic states 
wherein wide excision is indicated, as in malignant disease and chronic 
nonspecific enteritis. It is important, in the latter condition, to search 
the entire intestine for “skip" areas of involvement and to resect well 
beyond the obvious limits of the disease. 

I-esions of the small intestine arc frequently obscure and their detection 
may require minute inspection of the entire structure, from the ligament 
of Treitz to the ileocecal valve. 

PREOPERATIVE PREPARATION 

The prtjfound di.slurbances in fluid, electrolyte and nutritional balance 
in the presence of intestinal obstruction require vigorous rcslorativ'e 
measures. Time spent in the restoration of normal blood volume and 
chemical values prior to surgerj' is often rcflecteil in lowered mortality 
figures. 

Intestinal irilub.ation, in Ixith the obslnicled and nonobslructed bowel, 
is of inestimable value. In tlie presence of obstruction, the indwelling 
MilIer-Abl>olt tuho will effect sonic measure of <!ccompre''sion before 
surgery, it will afford wifer manipiiLation of the IkiivcI during the opera- 
tion nml will present a inc.ins of further decompression of the tlislcmled 
1k)Wc 1 by l)eing advanced manually by the ojKjnilor as consLint suction 
is applicil. In this nianuer one may obmtc the more dangerous procedure 
S17 
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of enterostomy deconiprevsion as a preliimnary to resection. The Miller- 
Abhott tube n-jJJ protect the suture hue following the operation. 

5tETHODS OF RESECTION 

A wide variety of technics’ isa^-nihble for sinaiJ infestinaJ resection ami 
the choice of a procedure should be tletermined by a consideration of 
(1) the location of the lesson (particularly those near tlie ligament of 
Treitz or the ileocecal s-alve), (2) tJie presence or absence of ob<itracthn 
ami (d) the familiarity of the operjilor with a particular technic, Tlie 
vehemence of the argument in certain quarters regarding the superiority 
of tlie “closed” or aseptic over the “open” metliod, or vice \’ersa, is 
disproportionate to the relative merits of either. The essential problem 
IS to roaster a few procednre.s which, as a group, are applicable to tlie 
entire gamut of situations which will demand small bowel resection. In 
this mastery of a fimitcd number of technics, I believe, it should be 
tccogmze<l that in certain silunlions a particular method is superior to 
another method which the operator might, under more usual circum- 
stances, prefer to employ, ft is, for instance, easier ami safer to employ 
an end-to-end open anastomosis in resection of the small intestine 
when the lesion is near the ligament of Treitz or the ileocecal valve, 
provided no great disproportion between the eahher of the prownal and 
distal bowel cMsls. Hy the same token, it is imixissible to approximate the 
greatly distcrulcd proximal segment of bowel to the deialed portion 
of distal intestine by end-to-end anastomosis. This disparity Sn relative 
size of the lumen of two portions of the bowel to be joined may abo 
preclude the employment of the clamp method of aseptic anastomods. 

Resection of the small intc'line by exteriorization is a procedure whteli 
is no longer widely employed, but is of some merit and it shouhl be 
resorted to in certain desperate situations when the exigencies of the 
moment dictate a tnmimuni of surgical manipulation. 

It is noteworthy m this regan! tlial Gross and Ware, t\ho have had a 
considerable experience with intestinal resection for irreducible intussus- 
ception in inf.mts, prefer resection by exteriorization to primary anasto- 
mosis hi this very hazardous situation- Although the present author iso" 
record* as partial to the principle of Immediate restoration of 
tinuity of the inte.stinc in irr^ucible intussusception, one shoo < no 
ignore the as-aiJability of the simpler method of resection by exlpnof*^ 

Dc&pite one’s acquired preference fora certain method 
resection it is reasonable to contend tlial a lateral anastomosis J ^ 
open method is, perhaps, the simplest and .s.afest procedure to emp 
one wishes to apply a single technic to the widest 
small intestine. This method avoids all manipulation of the ni *: 



KESECTIOX OF THE SHALL INTESTIN'E 


S19 


border during the fashioning of the stoma. All sutures are placed under 
cUrecl vision v.*hich insures careful approximation and adeciuate hemo- 
stasis, with no possibility of an obstructing septum which is possible 
with the closed clamp teclinic. An adequate stoma is more definitely 
insured. 



Fig 810 -—The niesentcric vessels siippljing the segment of bowel to be resected are 
dtvi<le<l between cb'iraps after the peritoneal covering on each side of the mesentery has 
been inci^d. 


TECHNIC 

Sj>inal anesthesia is preferable unless some compelling contraindication 
to its use is present. 

The alKlomen is gencr.illy entered through a vertical, muscle retracting 
or muscle .splitting incision in the particular quatlrant where the disease 
is anticipated. In the absence of an acute emergency, the entire abdom- 
in.al cavity is carefully explored. The Ie.sion is inspected ami the limits 
of resection are determined. The peritoneum on each side of the mesen- 
tery is inci'>C(l in a wedge-shaped fashion, as indicated in Figure 310. 
The huhvidnal ve.sscls are dividcfl bclwcen .small straight hemostats anil 
are carefully Hgjitcd. The |>oiiil.s of election for ilivision of the liowcl are 
cloarcfl of all mesenteric fat. Tlie decision is then made with respect to 
the tyjK* of anastomosis {hat i.s to lie flccomjdishcrl, anil the ilclails of 
the remainilcr of llie procedure arc pUr.suc<l in accordance with the 
maimer of restoration that h.is been .selectcil. 
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End-to-end “Open” Anastomosis.-— Paired Ochsnor damps are applied 
lo the t»o areas- of intestine predonsly prcparcyl, tlie boivel is diwfW 
with Uie live ciiutcry niul the segment contninhig the lesion is discanM 



Fig. SlI — En<l-lo.ewl open anastomosis 

rt, The proMHial ajiJ segments ot the divnleJ intestine an? appo'eJ '•'i'i' ® ® 

interrupted silk sutures 

6, The claraps have been removed and the anterior nurgms of the intestine " 

retracted uith AKts forceps The posterior marpns of the sloina arc approsiroatro v>l * 
continuous interlocking suture of chromic catgut. 

c, The posterior suture is continued anferiorij asa Connell suture, 


Tlie proximal ami tlistal segments to lie unileri arc held in close 
and (he poxlerior or niesenfcric surfaces are approvimated imI > 
rupted sutures of fine silk (Fig. 311, «)-The clamp'' are removei a 
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second posterior row of sutures, consisting of a continuous, interlocking 
strand of medium chromic catgut, is placed through all layers (Fig. 
311, b). This suture is continued anteriorly, after the manner of Connell, 
as a Ihrough-and-tlirough inverting suture (Fig. 811, c). The anterior 
portion of the anastomosis is completed by the application of a row of 
licmbcrt sutures of fine silk. TIic defect in the mesentery is closed by 
approximating the peritoneal edges on each side of the mesenterj’ by 
continuous fine catgut or interrupted silk sutures (Fig. Sll, e). 

Lateral Open Anastomosis. — ^The bowel is divided between paired 
clamps and the proximal and distal ends arc closed with a continuous 
suture of chromic catgut (Fig. 312, <i), and invertecl with a row of Lem- 
bert sutures of fine silk. The two cntls of the divided intestine are then 
overlapped for a distance of approximately 3 inches, and the apposing 
walls are united near the mesenteric borders witli a row of interrupted 
sutures of fine silk (Fig. 312, 6). Parallel openings are made in eacli .seg- 
ment of bowel about 1 cin. from the previously jjlaceil line of sutures. 
The po.sterior margins of the stoma are approximated with a continuous 
interlocking suture of chromic catgut (Fig. 312, c), which suture is 
continued anteriorly as a Council suture, inverting the anterior margins 
of the stoma. The anterior closure is completed with an additional row 
of Lcmbert sutures of fine silk (Fig. 312, d). The overlapping mesentery 
is closed on each .side with a continuous suture of fine catgut. 

It is essential that the closed ends of the intestine do not project to 
any considerable degree bcyoml the margins of tlie stoma if mild obstruc- 
tive symptoms are to be avoidc<l. 

An alternative method of open lateral anastomosis is that described 
by Ilalstcd and modified by Finney. In this procedure the two segments 
of intestine are upposetl with a row of interrupted sutures of fine silk, 
as in the method described above. The anchor suture at one angle of tlic 
pros{)eclivc stoma Is placcil in llic groove formed by the apposed surfaces 
of the intestine. A serie.s of inlerruplc<l sutures of fine silk is now placed 
in the two segments of intestine in the following fashion. Beginning as a 
Ix.’tnhert .suture approximately 1.5 cm. from the row of previously placed 
.sutures and continuing to the opjmsilc sepnent of bowel as a lateral 
mattre''S suture equidistant from the original .suture line, the stitch is 
completed as a I.embert .suture on the original .segment of howcl from 
wlienee the stitch began. \ series of similar sutures is pl.-iceil until one half 
of the length of the projxised stoma has l»cen traversed. These sutures, 
nliich are left uiilleil, are drawn out of the field and the other half of the 
row of .sutures is placeil in a simiLir f-ishioii. P.irallel openings are mailc 
oplKisile one another in the ap|M>se<l segments of bowfl, between the 
p.indlel row.s of sutnrt‘s, ainl the ijoslcrior margins of llic stoma an* 
approximateil with a continuous interlocking .stilurc of cliroinic catgut 




fti j ^^1^ Si<le-to-8ide open anastomosis 

of chroniH' /"If thedamp withasimplciiiverlingsufure 

of ch^miccntgut and reinforced by .nlerr„p,ed Lembert a.it.ires of fines, Ik (6) 
nJr ti lZ Wffwenta are overlapped for a distance of 3 mchw and iin.lrd 

near tbe.r mesenfenc border, sr.iba roar of interrupted a.Ik sutures 
•tlcflriw “'n^arema e mlhe tvo segment, of apposed bowel, parallel to snd about If® 

^ previously placed sutures The postenor margins of the stoma are 


sutures i he mesenteric defect (not abonn in iHustration) is closed by a row of inttrnspt'-l 
sutures on each side of the os erlapping mesenteric margins 
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(Fig. 313, a). Tlie previously placed anterior sutures are now drawn 
taut in unison, thereby inverting the anterior margins of the stoma. 
These sutures are tied individually. A second anterior row of I/cmbert 
suture.s of fine silk may be cmployeil to reinforce tlie closure (Fig. 313, h). 



Fig. 3J3 — niellio<l of 5i<k-lo-sitle open an.tjtomo«is. The enJs of the divided 
lion el arc inverted aiul the protiinal and distal segments arc overlapped and united with a 
TOW of intcTTUpted sutures of siik, as »lescril>e<l and illustrated in Figure 312, a aiul b 
a, Uefore the panUIel openings arc nwde in the apposed segments of intestine the first 
row of anterior sutures Is placed in tlic following faslilon. neginning as a I.etnl;ert suture 
on one segment of the npposetl howcl, about 1 5 cm. from the row of previously placed 
sutures and continuing In the opposite segment of Itonel as a lateral mattress suture equl- 
ibstanl from tlie original .suture Vine, the Milcli is completed as a I^emberl suture on the 
original segment of lion cl from wlienceil began These sutures, all of which are left untied, 
ore dran n out of the field ns indicated and parallel openings are made in each segment of 
tlie intestine The posterior niarpns are approximated with n continuous interlocking su- 
ture of chnimic catgut (b) Tlie pres-ionsly placed anterior row of sutures is now drawn taut 
m unl^on and tied indiiiduill.i row of Ixnilierl sutures may be u<ed to reinforce the 
anterior closure. 

'riic rent ill the tnesenlery is clost'd as in the previously ilcscrihcil mclltod 
of luteRil atiastomnsi>. 

End-lo-cnd Aseptic Method Emplojinj; Furniss Clamp. — ^This method 
is most iipjilicjihlf when the proxitiinlaiul dixpil .scgiiieut.s of intestine arc 
of e<|ti.'d c!ihl>er and of unrestrictcil inohijily. T'he points of division are 


824 


KEXNETn W. WAnnEN 


Q 



Fig. 311 — Knd-ttxnd closed anjstomo^w eropJojingFurni's (McQure) ilsmp 

а, The McClure morJificitioii of tbe FuniKs damp ta-i teen applied lo the prowm? an 
distal segments ot lUcmel and thedj<ea«ed porlion has been removed The needle is being 
inserted into tbe ‘‘eje” of the clamp in order to transfix and secure the cut margins of t e 
intestine 

б, The clamp has been remote*! aod U»e needle, which transSses tfie serrated 

of the bow'eJ, has been rotated through 180 ifegrecs, thu« bringing the posterior su am 
of the segments of intestine into tbe anterior plane A continuous suture of fine ^ 
catgut, tied at its beginniDg point and loched at its termtn.itioa, unites the posterior su 
faces of the dmded bone) .. j 

c, The traasfirion needle has l>een rotated back through IW* degrees to I ® 
position Another continuous suture of fine chromic catgut approximates the anlenof 
gins of the intestine. Tbe appropriate ends <d tbe anterior and posterior sutures are 
together «t each angle, after the transfixion ne«df« has been mlhdrain] 

prepared as above. The Fumiss damp, or preferably the 

ficatioii of it, is applied to the prodmal and distal segments o e ^ 

as they are held in close apposition to one another. A straig 
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inserted into the “eye” of the clamp, thereby transfiving the serrated 
iwrtion of the bowel held in the clamp, Ochsner clamps are then applied 
to the proximal and distal ends of the segment of bowel that is to be 
removed and the intestine is dividetl with the live canterj’ (Fig. 314, a) 
The Furniss clamp is removed, leaWng the ends of the bowel to be joine<! 
secured by the transfixion neetUe which, in turn, is rotated through 180 
degrees. This maneuver brings the posterior walls of the prospective 
stoma into the anterior plane, where they are united by a continuous 
row of fine catgut (Fig. 314, b). The transfixion needle is now rotated 



Kiff. 315.-~-The flgglulinalccl edge? of the divided bowTl nre sepaMted by invagin.-iting 
the anterior n all of the intestine through the new stoma. The aitastomosU is then reinforce<i 
by a row of interrupted I,enibert sutures of fine silk around the entire circumference of the 
i'owel and the mesenteric defect i% closed with a series of similar sutures One may prefer 
to employ a double ro« of Letnberl silk sutures fortius raelUod of anastomosis 

back through 180 degrees to the initial position and the anterior walls of 
the apposed eiuU of the intc^t^ltc arc approxunatesi with a continuous 
suture of fine ettgut (Fig. 314, e). The tnuivfixion needle is witlHlniwn 
ninl the agghilinaled erjgcs of the intes-tino arc separated by gentle 
ihgilal pressure, thus restoring the continuity of the hinicn of the l>oweI. 
A row of iulerruptwl IxnnWrl .wlurcs of fine silk, encircling the new 
stojiia, completes the anastomosis (Fig. 313). The mc'^cntcric <!efcct is 
cIosihI in the manner described ;iIx)Vc. 

'Jlus tecluiic, in gonend, is ;{pplic;tbfe to the nl}ll7«-iti»a of a variety of 
speci.ilir.wl clainj>s de'»igiu‘«l for the accrmipHshineiil of aseptic aiiaslorrm- 
sis of ihe gastrYuntcslinal Inict/llicy may, in turn, Iw simil.trly cniploycil 
for hnlcml anastomoses. 

Mikulicz Resection of the Small Intestine.— The mobilization and 
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prepur.ilion of tlic points of <!msion of the intestine for resection l)j llip 
method of evlcnonzation iire idcnti&il with these m.-mettvers preliminary 
to resection ant! immediate anastomosis. When the Jfikulicz incthod is 
dictated by ciretunslancc, tbe segment of bon-el to be remo\’ed is divided 
between paired clamps by the live cautery. The pro\ima! anti dist.d 
limbs are apposed in double barrel fashion with the proximal end jirojcct' 
mg beyond the <hstal end by 2 cm. and a spur is formed by a double rovr 
of intcrrupletl sutures of fine catgut, uniting ainescnteric segmcul-s of the 
bonel The abtlomuial wall is closed in layers about the evtcriorizetl 
inteatmc .-V dressing is apphe<l, loaxdng the proximal segment of intestine 
exposed in order that it maj' be decompressed as a final step in the pro* 
ceilure This decompression is accomplished by inserting a soft flevihle 
catheter of appropri.ate size into the proximal loop below the peritoneal 
level. The catheter is anchoroil in position by a previously placed purse* 
string suture of chromic catgiiL 

Tlie spur, in ordinary circumstances, is crushed by serial chimps, 
bcginnmg about the seventh posloperaln'e day TJie restoration of in* 
testina! continuity is accomplished surgically, approximately eight weeks 
after the initial resection. 

Tins metliod of resection has a limited range of application today, but 
to ignore its existence is to deny the occasional julient who w desperately 
ill Ins most reasonable chance of recovery. 

POSTOPiriUTJVE CARE 

Constant suction is inaintainwl on the indwelling Millcr-Abbott tube 
until flatus is p/issetl freely It should be borne Jn nnnii, in this regard, 
that the Miller-Abbott tube, with its suction tip beyond the pylorus, 
does not iieces-sarily decompress the stomach .'iml that it is therefore 
wise, in some instance.s, to employ separate g«istric suction vui a Levin 
tube m addition to the intestinal siphonage. 

Parenteral fluuis, mclmbng adcrpiate amounts of glucose, .saline, ammo 
acid preparations and whole bloml, are administered until aiiefiuate urn 
alimentation feasible, . . 

Prophylactic or therapeutic dose.s of pcmcilhn, according to cunica 
indications, are .systemalically employed. . r *1 I 

Graduated diet and ainbuLalion are varied accortling to indi'T 
toiemnee. 


SD.MMARY 

General considerations relalis’e to resection of the 5111.111 iutc 
are discussed. , 

Various technics of small intestinal resection are described. 
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PiaMAUY RESECTION OF THE COLON 
BeNTIXY I*. COECOCK 

Like most surgeons intcre.ste<l in carcinoma of the colon we h<ave found 
that an increasing number of patients with malignant disease of tlie 
large bowel can be submitleil to resection and intestinal continuity 
immediately restored by a primarv anastomosis. In our bands, the i)cr- 
centage of two-stage operation.s for carcinoma of the colon has steadily 
decreased in recent years. 

Ten years agfi all patients treated in the clinic for malignant disease 
of the colon had a modified Mikulicz type of procedure.' We demon- 
strated to our sJitisfaclinu, at Ica.st, that this procedure was as radical 
in its scojie ns any operative proce<lure for carcinoma of the colon and 
that it was associated with a lower incidence of the most serious com- 
plication of colon resection, namely, peritonitis, than was primary 
anaslomosU. We believe this is still true for the patient with a per- 
forated lesion or the patient in whom distention of the bowel, excessive 
fat in the adjacent mesenlciy or a ipicslioniible blood supiily to the 
divided end of the bowel makes satisfactory healing of tlic anastomosis 
less certain, It has long been acccpleil that when peritonitis does follow 
n primary re.section and anastomosis of the colon, it is the result of con- 
tamination not by Iwwel content at the time of operation but usually 
from a leak at the .suture line following the operative procedure. Ex- 
cessive fat in the adjacent mesentery and epiploic appendages makes 
accurate serosa-to-scrosa appro.ximatioii iliflicult. If any segment of the 
divided margin of either limb of Ik>wc1 is devitalized, necrosis and leakage 
from the suture line will inevitably occur. A. segment of colon dilated 
and hypertrophied as the result of long-standing obstruction always 
makes primary closure more hazardous. A modified Mikulicz procedure 
for carcinoma of the colon can be atlupleil to tliese unfavorable cases as 
well as the favorable cases and in our e.xperience can be as readily carried 
out on the right half of the colon (with the formation of a double-bar- 
reled Mikulicz ileocolostomy .spur) as on the left colon. When a two- 
.stage procedure is indicatcil, this type of operation has two definite 
advantages over other Iwo-stage jirocedurcs in that the malignant lesion 
IS eliminated at the first openitive pnicedure and the .second stage of 
the proceilure is an e.xtraperitoneal operation. 

In 1945, 40 per cent of 40 patients ivilh carcinoma of the cecum, 
ascending colon and right lialf of the tran.sverse colon liacl resections 
with a primary amustomosis.* At the present lime all patients with car- 
cinoma of the right colon except tliosc with complications which are 
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kno^n to increase the risk of pnmarj' resection of the colon arc sub- 
mitted to resection with primary anastomosis TJie same is true to a less 
evtent of patients mith carcinoma of the left colon, namely, the distal 
transverse colon, splenic flexure, descending colon and sigmoid Here 
the incidence of obstruction of the colon with dilatation of the proximal 
bowel is greater anti it is often not possible to achieve satisfactory tle- 
compression of the proximal bowel by the usual preoperative prepsra- 
tion. If the obstruction is complete and the distention acute, an emer- 
gency cccostomy or proxim,»l transverse colostomy must be considerei! 
If the obstruction is mwferate or can be partially relieved by the pre- 
operative preparation, these patients may be more safely resected by the 
modified Jfikulicz tjTie of procedure than by resection with primary 
anastomosis. 

•Vnother fuctor which most be kept in m/nd rebtire to pntients mJb 
carcinoma of the left colon is that the lumen of the bowel is smaller oa 
this side than it i$ in the right colon. The diameter of the lumen in the 
descending colon ami sigmoid is the smallest of the entire colon. Ob- 
struction at the point of anastomosis following primary resection am) 
suture has been reported even by surgeons experienced in colon surgery 
aad all haiie cniphasired the danger of c-veess/re constriction of Jbe 
lumen by end-to-end suture in this segment of the large bowel. Tlie 
diameter of the lumen at the point of anastomo.sis following the modified 
Mikulicz procedure is actually greater than normal and obstruction, 
either early or late, does not occur following this procedure. 

SURGICAL PKLVCrPLES 

Preoperative Preparation. — A large share of the credit for the lu- 
creaserj safety of tlie one-stage primarj* resection of the colon is due to 
an increase m the nttention which is paid to the preoperative prcpira- 
tion of both the patient m general and Jus colon in particular. 

Most of these p.stients who liavc had nic)cn.a or a disturbance in th^ 
normal bowel function will Jiave some degree of anemi.i and a decre*i^ 
serum protein. In patients with carcinoma of the cecum this ancniia b 
often severe ami at times is tlie only symptom of the underlying 
A low serum protein in itself can precipitate sufficient edema at t v *' ® 
of anastomosis to produce postoperative obstruction Consequent i , » ^ 
essential that the hemoglobin, red WowJ count and serum 
restorcfl to as near norin.sl as possible before these p.itient.s are opera ^ 
on. This can best be accomplished by transfusion of f 

of whole blood. Nont>rotein nitrogen and chloride levels of t e 
should be checked and the eleclrolj'te balance restoreil 
associated cardiovascular renal disease should be careful.' e' 
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and treated, if necessary. If there is a previous history of thrombosis of 
the deep venous system of tlie lower extremity, tlie need for projiliylaclic 
femoral ligation or the postopenitivc use of anticoagulant therapy should 
be kept in mind. Our own policy is to place these patients on a lieparin- 
Dicumarol regimen as soon as the danger of postoj)crative bleeding is 
past, usually about the third postoj)erativc day. (Of 10,700 operations 
of all types during 1947, there were but 2 postoperative deaths from 
pidmonary embolism.) 

Before the active preparation of the bowel itself is started, these pa- 
tients should be carefully examined to <Ietcrininc any degree of obstruc- 
tion that may be present. In patients who have complete obstruction it 
is our policy to cjirry out an emergency cccosloiny. A Miller-Abbott tube 
will decompress the small bowel but it will not relieve the closetl loop 
of obstructed colon between a coinpclciil ileocecal valve and a con- 
stricting carcinoma of the <Icscending colon or .sigmoid. In our cxjjeri- 
ence, the most efficient t\7)e of cecoslomy is that in which the lateral 
attachments of the cecum arc divided and a portion of the cecd wall 
itself is c.xteriorized through a right lower quadrant Incision (Fig. 31f>). 
This type of cecostomy will a<lequalcly <!ccompress any obstructed 
bowel and will remain open as long a.s is necessary. After the incision has 
been closed and the drossing.s applieil, a large innshroom catheter is 
placed in the exteriorized segment of cecum by purse-string sutures. 
This catheter is removed in a few days and irrigation of the obstructed 
segment of bowel carried out. I^lcr, following rcsccliou of the malig- 
nant growth, the cecostomy is closed by an cxtrapcritoneal procedure. 

In patients with moderate degrees of obstruction, careful e.vainination 
of the abdomen, often aided by a roentgenogniphic film (“flat-plate"), 
will enable one to determine whether it is safe to give a cathartic by 
mouth. Unless contraindicated by obstruction, we give all patients with 
carcinoma of the colon ounces of magnesium sulfate by mouth and 
follow this s^^th higli colonic irrigations twice a day. It should be men- 
tioned at this point that in any patient in whom an obstructing lesion 
of the colon is suspected, it is iraporUint to carry out the barium enema 
part of the gastrointestinal examination first. The administration of 
harium by mouth to a patient with jKirtial obstruction may produce an 
acute complete obstruction. 

In all patients with malignant disease of the right colon, that is, the 
cecum, ascending colon and proximal transverse colon, in whom the 
resectioi^ will be followed by an aniastomosis of ileum to a distal segment 
of colon, a Miller-Alibott tube is inserted well dorni into the small 
howcl before they come to surgery. This is a valuable adjunct in pa- 
tients of this type and permits excellent decompression of the area of 
anastomosis for as long as may be necessary. The Miller-Abbolt tube 
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may also be used in patients with carcinoma of the left colon but it 
must be remembered that in these patients, who will Iiave an anasto. 
mosts of the left side of the colon, we cannot expect the iiliJlcr-^ibiot): 
tubu to do more tlian counteract distention of the small bowel. In order 
to <lccompress the area of anastomosis m these patients tlie tube would 
Iiavc to pass through the ileocecal valve into the colon itself. This it will 
xisualiy do if gis-en sufficicRt time. Iloa’cver, two possible complication? 
niu^t be kept m mind if the tube is allowed to progress this far, In the 
first place, gastric dilatation may occur following operation and a second 
tube may have to be introduced into the stomach. In the second place, 
it is sometimes difficult or impossible to nithdrawan intestinal lube 



Fig it® —'flit ewura lift% nMhdtKd so that il can he ettcriorued without ttnsiof 
The wound n closed !oo»<!y about the cwura, protected by a dressing and a de Frtiw 
enthelef inserted The eecostomy opening can later b« closed by an extraperitoneat prw 
eedure 


which has passed through the ileocecal valve, pAtUcuUdy if mercury 
has been placed m the bag 

All patients who are schetlulctl for resection of the colon are plac^ 
on snlfatbahdine for three to five days before operation. It is our 
tice to give 2 gm of the drug four thnes ft day \Ve feel that this has 
of definite help in ilecrcasmg the risk from any conlam5nftl‘''|“ w ic 
may occur at the site of the open anastomosis. e h.ave not used 
tomyciri in the pTcparation of these patients because wv luaie 
it was uecessiry. If A is used it must be remcuibered that its P*^ 
effective action is limited and operatiott should be carried ^ 
time (twenty-four to (oriy-eiglit hours after administration) i t ' 


is to lie of value. . 

Adequate MoblUaition.— Any surgeon xvho has had exjenst e 
ence witb an e\t«rioriza.Uon procedure for resection of fn® ^ ^ ' 
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as IIjc niodificd Mikulicz upemlion, appreciates the necessity of aile- 
qiiule mohili^jilion of the c«I<ju m» tiuit the lenion may be rC'CCted widely, 
and the loops evtcriorizeil willioijl IctiHtoti It is e((u:iUy important, if 
not more so, that sufncie««t mobiliz»itiou be earriet! out before an attempt 
is made to upproMinale the l\\<i en<U by iulru|K.Titanciil suture. 'I'ensiou 
on the suture line as the result of ItiMifficienl mobilization of tbc bowel 
will definitely increase tlie risk of leakage and the develoi)mcnt of locid 
or generalized peritonitis. 

Adequate Blood Supply to the Anastomosis. — The necessity of pre* 
serving adequate blood supply In the dividc^l end of erich loop of bowel 
forming part of tlie anastomosis has already been pointed out. Necrosis 
at the suture Vmc lias been one of the most common causes of leakage 
following primary suture of the large bouch The origin and course of 
the main colic arteries must be kept in nnud when the line of resection is 
dctcrmineil. Because of individual xiiriation in the size and course of the 
arterial blood supply to the colon it is also imi>ortant to see or feel pulsat- 
ing vessels supplying the divided ends of llic bowel which are to be 
united, Tlie bowel wall itself is supplic<l by long and short terminal 
branches of the main colic arteries, Tlic antimesenteric border of the 
bowel is supplied only by the long terminal brandies and is the portion 
of the circumference of tiie bowel which is most likely to be devitalized. 
If au attempt is made to remove epiploic api>endagcs In order to secure 
more accurate apposition of the cut margin of the bowel, it sliould be 
remembered that these long terminal brandies supplying the anli- 
niesenteric border often loop up into the base of the.so epiploic appendages 
as they pass around the circumference of the bowel. Dividing the bowel 
somewhat obliquely so .as to remove more of the antimesenteric portion 
is an additional safeguard in securing good liealing in this region. If the 
viability of the bowel or the integrity of the suture line is questionable 
a proximal transverse colostomy should be carrietl out. If tlie bowel is 
completely divided at this point it n-ill defimclionidize the region of the 
anastomosis, and may prevent leakage and peritoniti.s. After sufficient 
time for secure healing has clapseil, the patency and integrity of the 
anastomosis can be demonstrated by barium enema examination and 
the proximal colostomy closeil. 

Adequate Cancer Operation. — AVlicn operating upon a patient for 
carcinoma of the colon one must always remember that the primary 
purpose of the operative procctlnre is to cure him of his disease, if pos- 
sible. riie method by which intestinal continuity i.s to lie reslore<i is 
definitely a secondary con‘.ideration ami it .should never be allowed to 
inSuence the extent of the TvsccUon. An adequate cancer operation 
includes removal of an adequate mar^n of normal bowel on each side 
of the lesion. It also implies a radical resection of the mesentery of that 
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segment of bon-el Tvhich contains the malignancy. As a rule, metastatic 
malignant disease first occur in the lymjih nodes of this mesentery and, 
m general, these lymph nmlcs follofr the course of the major blood \e«- 
sels. Tins mcajis that the major hlotal ve.sseU must be divided close to 
their origin from the superior and inferior incscnteric arteries. TIjis aide 
and deep resection of the adjacent mesentery is imiiortant for a second 
reason In recent years the frc<|uency ami serious prognostic significance 
of blood vessel invasion by malignant disease of the colon has become 
well known A radical resection of the mesentery will I'nciude as cvteri' 
sive a removal as possible of the venous channels draining the region 
of the growth. 


TECHNIC 

Carcinoma of the Cecum, A.scending Colon, Hepatic Flexure and 
Proxfmaf Half of the Transverse Colon.— it careful study of resectrd 
specimens has demonstrated that malignant lesions of the hepatic 
flc.vure and proximal portion of the transverse colon frequently metas- 
tasiae to the lymph nodesalongthe course of the iJeocohearJ-nj’, Forlhb 
reason radical resection of malignancy in this area should include the 
terminal ileum, cecum ami ascctwling colon along with its lymphatic 
and venous drainage just as is carrietl out in patients with carcinoma of 
the cccum and ascending colon. 

Pontocaine-glucose spinal anesthesia is used for all patients unkss 
there is a definite contraindication. Immediately after the spinal anes- 
thesui has been given, an intr.i venous infusion is started in an ankle 
and all patients receive at least 500 cc. of whole blood during the opera- 
tive procedure 

A right rectus or right paramedian incision is used and it must be^ 
sufficient length to affortl good exposure of the entire right colon an 
tenmnal ileum Before resection is startwl the abflomiuai cavity is thor- 
oughly evplore<l The livCT should be carefully inspected by direct M'IO" 
and by palpation to rule out metastatic involvement, and the r^tuio 
and left half of the colon carefully palpated to rule out a second prinari' 
mahgnancj-. In our exj>criencc, multiple malignancies haveoccurre' 

4 per cent of all patients with oircinoina of the colon. 

The small bowel is retractcil to the left sirlc of the abdoniina 
and, with tension on the cecum and ascending colon, the ktew 
toncal reflection is divided along the adjacent 10 to 19 inches o 
ileum, the cecum and ascciuliug colon and around tl»e bepitic e-' 

This dissection is evtondex! medialward behiiul the mcsenlet' ® , 

right colon, carefully reflecting the right ureter and the 
portions of the duodenum (Fig. 517). The right ureter can o 
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quickly identified l>y its course pamMel to and just medial to the right 
spernialic or ovarian vessels. This entire mobilization can usually be 
carried down to the root of (he nicseiilery with tlie division of oidy a few 
Wood vessels in the rcgioi\ of l\\c hepatic flexure alUichincnt. The ini- 
portance of this initial mobilization of the right colon and its mesentery, 



Pig 317. — The peritoneum has been divided along Ihe line of fusion of the visceral and 
parietal peritoneum This «ill be carrietl around the hepatic fle.xure, mobilizing the prosi- 
aial h.Tif of the transverse colon The bowel is mobilized medial ward. Spermatic or osTirian 
Vessels mil come into view and the ureter will be found just posterior and medial to these 
vessels In the upper angle of the wound the retroperitoneal portion of the duodenum will 
he draw n up with the colon and must be careful^' reflected posteriorly. For tumors in this 
location the bowel must be mobilized medialward to a point where the ileocolic, the right 
colic and the right branch of the middle colic arteries can be divided close to their origin. 

not only to permit a sufficiently radical removal of the tumor and its 
mesentery but also to permit satisfactory and safe restoration of the 
intestinal continuity, has already been emphasized. 

^Yith the mobilized colon retracted to the right, the peritoneum over 
the medial surface of the mesenterj' is then divided in a line leading 
from a point on the small bowel well below the lesion dorni to the root 
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of the mesentery close to the ongin of the ileocolic and right colic 
and then upn-ard to a point on the transs'erse colon well beyond the 
lesion. The Wood vessels arc divided along this line and the (enninaf 
ileum and transverse colon dtndcd at the point selected. 

If no contniindication to primaiy anastoinossts is present, inlestin.il 
continuity is restoretl by one of three methods — an end-to-end suture 
of the terminal ilenm and proximal transs-erse colon, anastomosis of the 
end of the terminal ileum to the side of the transverse colon or side-to- 
sidc an.astomosi.s between tlie distal ileum anil proMm-al transverse colon 
My own preference is for an cnd-lo-end anastomosis of the termimii 
deum an<l transverse colon because of the fact that it eliminates any 
blind ponch an<l the integrity of the anastomosis is dependent upon but 
one suture line IVo have encountered no difficulty because of dbp.srity 
in sjze lictwcen the lumen of the small bowel and tlie colon. The colna 
is rarely dilated distal to the lesion and the simall bowel can be dinded 
obliquely so that very httic disparity in size will remain, and Ibis can 
be taken into consideration as the sutures are placed. If an cud-of-ileum 
to side-af-colon anastomosis is decukxl iqion, the dis'idcd end of the 
transverse colon is first c.arefuHy inverted by one or two rows of catgut 
sutures reinforced by mtcrruptci! silk sutures. If a sidc-to-side anasto- 
mosis lb to be carried out, the divideil end of the dcimi is likewise in- 
verted. If the bowel is well prc[Mred beforehand, wc have seen no in- 
crease in morbidity or mortality by carrying out an open an.istomo'W 
rather than the so-called aseptic type of anastomosis We feci that the 
open anastoraosi-s lus a definite advantage in llwt the sutures can be 
more accurately pUced, and tiiat there is less risk of overinversion of 
the bowel with ii.arrowing of the lumen U is <lifficult not only to obtain 
accurate appro-xmiation of the mucosa laj'er but al«o to be certain that 
the sutures catch the tough and important submucosa layer nhea the 
anastomosis is earned out over clamps as in the aseptic type of anasto- 
mosis. 

The bowel mai- be dividetl betocen Oschner clamps with the c.uiteO- 
I prefer to use a crushing clamp only on tiie segrnent of bonei to c 
resected and to divide the bowel with a knife This avoids impal^wl^ 
the viability of any of the tissue cells which go to form tlie actual um^ 
by either crushing or heat A niblicr-covercd mtc'lmal clamp P 
an inch or so from the line of division in the bowel will 
serious contamination from the proxim.al or distal loop. If t 
has been divided between clamps, an outer posterior 
.silk sutures is first plactxl, uniting tlie serosa of the two cn< * 
and then, with the cl.imps removed, an inner row of catgut su 
placed, uniting all coats of Uie bowel wall. Tins c.in be ^ by 

riorly to form the inner anterior suture line which is later rein 
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a« outer row* of iiilerruptcfl silk sutures. If a nimiiiig suture is used, care 
nnisl be taken not to narrow the lumen of the anastomosis, particularly 
when the end of the Ileum is being sulurwl to llie side or end of the 
colon. Locking the inner posterior row will help to prevent this, but the 
use of an interrupted suture is dcfinileU' belter from tins point of view. 
My own preference is for an accurately placwl series of interrupted black 
silk sutures uniting all coats of the bow-el wall around the entire circum- 
ference. This is then reinforced by u second row of similarly accurately 
spacetl sutures, uniting serosa to .serosa.* Tins type of anastomosis 
prot luces a minimum amount of constriction of the resultant anastomotic 
stoma and should he associated with a niiiiima! amount of po.stoperalive 
reaction in tissues at t\ic site of the anastomosis. The suture \me 
maj’ be reinforced by adjacent epiploic appendages but care must be 
taken not to interfere with the terminal arterial supply to tlie bowel 
which is closely associated with the base of these appendages (Figs, 318 
and 310). 

The defect in the mesentery is then close<I by suture of the peritoneum 
covering the nuxlial surface of the mcsenlerj- by a running catgut suture. 
Care must be taken not to injure the vessels nourishing the site of tJie 
anastomosis. The final step in the operative procedure is to rcpcritoncaU 
ize carefully the right lumbar gutter. We believe this is of definite value 
in decreasing the morbidity associated with resection of carcinoma of the 
colon. Penicillin, 100,000 units, is placed in the peritoneal cavity, and 
the wound is closed in layers. 

Carcinoma of the Transverse Colon. — ^Thc same anesthesia is used as 
for malignant disease of the right colon and an upper right or left rectus 
or parauwxhan incision is used, depending upon the location of the 
lesion. 

If the transverse colon is redundant and the malignancy very close 
to the center of the colon, it may be possible to carry out a radical resec- 
tion without additional mobilization. Usually, however, either the 
hepatic or splenic flexure, and i>ossibly l>oth, will need to be mobilized 
to secure adequate margins of bowel on cither side of the lesion and 
approximation of the divided ends without tension. The great omentum 
should be removo<I with the lesion, and the resection should extend down 
close to the origin of the middle colic artery from the superior mesenteric 
artery. 

Provided no contmindication is present, intestinal continuity is then 
restored by an cnd-to-cnd approxinutUoa of the remaining colon by two 
rows of silk or silk and catgut suture. The rent in the mesentery is then 
closed. If either the hepatic or splenic flexure has been mobilized, the 
tlenuded area is reperitoneaUzed. PemciUin is left in the peritoneal cavity 
and the w'ound closed in layers. 
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Carcinoma of the Splenic Flexure and Descending Colon.—Wilh the 
same anesthesia the peritoneal cavity is opened tiirough a left rectus or 
a left paramedian incision. \Yilh the small bowel rclracted to the right, 
the distal transverse colon and sigmoid colon are placed on tension, the 
lateral peritoneal reflection of the descending colon and splenic flevure 
is divided and the colon mobilized just as is done on the right side for 


a 



Fig 318 — a, I( the anflsloRiosu is being csm«d out nilhout the use of crushing rtsD’P’/ 
soilnigcan be guarJedagainst bj a rubber-eovercdctanip placed 1 to 2 inches fromthertt 
margin of each segment of bowel Tlie serous and amesentenc borders are appronmalrd 
by inverting Connell sutures w hich ore cut long and serve as guide sutures 

h, The anastomosis is begun with a posterior ro«v of accurufely spaced jclernjple'l s'* 


tures, including all coats of the bowel nail These sutures nia j be silk or wtgut 

c, A similar row of through arid-Ihrougb sutures unites the margins of the bowel aolrf’ 
orly This first row of sutures is then semforced by an accurately spaced row of Lemberi w 
Cushing mattress silk sutures, unitmgserosa to serosa The guide sutures are lheDT«s« 

and a second row placed posteriorly Care must be taken not to invert too muc o ♦ 
bowej marpn and, if a continuous suture is used for the inner suture line, a pufse-s 


effect must be guarded agijnst 


lesions of the right colon. Tlie left ureter should be identified an' car^ 
fully reflected posteriorly and the dissection carried niedwl^^^ 
the origin of the mesenterj* from the posterior ahdomin.sl wall is j 
This will expose the jejunum at the ligament of Treitz in the 
of tlie incision. The peritoneum over the inedial surface of the 
is divided carrying it from a point well beyond the lesion 
origin of the left colic artery from the inferior mesenlene arterj 
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to a point on the transverse colon well proximal to tlie lesion. If tlie 
lesion is in the splenic fle.Mire, the left branch of the middle colic should 
also be divided close to its origin from the inaiJi middle colic artery. If 
the lesion is in the lower descending colon, the first sigmoidal bninches 
of the inferior mesenteric artery should be divided close to their origin. 
The proximal segment of transverse colon nourished by the right branch 
of the middle colic artery and the sigmoid colon nourished by the sig- 
moidal branches of the inferior mesenteric artery arc then approximated 



Fig 319, — If one prefers not to carry out an eixl-lo-eml anastoino^ii betvxeen the termi- 
nal ileum and transverse colon, inteslitunl continuity oiay be restored by a careful two-layer 
closure of the end of the colon and ileum, and an ample side-to-side anastomosis made, as 
shown m <i This nriastomnsis is usually mafic by an inner continuous catgut suture rein- 
forced by interrupted silk sutures antenorly .ami posteriorly 

b, The cut end of the transverse colon may lie inwrted and the end of the divided ileum 
implanted into the side of the colon as shown Here, as m end-to-end anastomosis, care 
must be taken not to constrict the stoma by os'er-iriversionorby a pucse-string effect at the 
suture line 

by end-to-end anastomosis. The meseiilcric defect is closed and the left 
lumbar gutter and splenic flexure regions rcperitoriealized. Penicillin, 
100,000 units, is placed in the peritoneal cavity and the wound is closed. 

Carcinoma of the Sigmoid, — ^The lumen of the colon is smallest in the 
sigmoidal region and constricting lesions with obstruction are common. 
For these reasons a modified Mikulicz procedure should be seriously 
considered in any malignancy of the sigmoid associated with obstruction 
and hypertroph}' of the proximal colon. If conditions will permit a 
primary end-to-end anastomosis following resection, one must be par- 
ticularly careful not to overinvert the margins of the bowel at the line 
of suture so that earlj' or late obstruction may occur. 
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A left mid rectus or paramedian indsion is us«l The sigmoid colon 
is mobilized medialward to the root of the mesenlery. If the lesion is 
high in the sigmoid it will usually be necessary to mobilize the descending 
colon and splenic flexure to permit the resection of an adequate margin 
of bowel proximal to the lesion and the restoration of intestinal con- 
tinuity without tension on the suture line. The left ureter must lie 
visualized and preserved as this dissection is carried medialward. Tlie 
sigmoidal arteries should be dixided close to their origin from the in- 
ferior mesenteric artery, and the terminal braneli of the inferior me'en- 
teric, the superior hemorrlioidal arlorj', preserved for nourishment of tlie 
rectosigmoid. 

If, because of the position of the growth, an adequate cancer operation 
cannot be done without division and removal of the trunk of the inferior 
mesenteric artery along with its terminal superior hemorrhoidal branch 
and accompanymg lymph nodes, an abdominoperineal resection or wide 
imtenor resection will give that patient his best clmncc for cure 

POSTOPERATIVE CARE 

The Miller-Abbott tube in palicnls with carcinoma of the right colon 
or the licvin tube in patients with carcinoma of the left colon is pl.tce*l 
on suction and the former is usually not removed until the patient ha? 
passed gas by rectum During this time the electrolytic and caloric re- 
quirements are supplied by intravenous administration The penicillin 
level IS maintained by one injection (>f 300,000 units per twenty-four 
hours The rectal tube is inserted at inters-nls to decompress the distal 
segment 

I>eg and foot exercises to dtimiiisli venous stasis in tlie legs and regubr, 
deep breathing exercises to jirevent atelectasis are emphasized during 
the early postoperative pcnoil. 

CONCl.USlONS 

A one-stage resection for carcinoma of the colon with primary 
niosis with its greatly decrcaseil hospitalifsition period is tlie proco ui^ 
of choice for uncomiiUcatetl cases of malignant disease of tlie 
bowel. With adequate preoperative preparation of the patient, accura e 
anastomosis, and the use of a proximal diversion rolo-itoniy oe ^ ' 

stage Jlikulicz type of procetlure in patients with obdnjctio)! or o 
complication, this procedure will be associated with a morta 
that will compare favorably with that of the more conser%^ti'c JT 
of operative procedures for resectiou of carcinoma of the co on. 
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EXCISION OF CYSTS OF BAUTHOLIN’S GLAND 


lllCHAnn B. CATTHLIy 

AH too frequently the removal of a BarthoHii cyst results in an irri- 
tating experience to llie surgeon l>eciui->e of jirofusc bleeding that may be 
encountered, as well as a long periwl of discomfort for the patient. Too 
little attention is paid to some of the minor technical procedures em- 
ployed for contlilions affecting the external genitalia ami anus when, by 
sjiecial attention to such problems, they cjin l>c done with a minimum of 
difficulty and tlisability. The inchlcncc of c\>t of Bartholin’.s gland .seems 
to be <lecrcasing with earlier and better Ircalmenl of genital infection, 
notably improved by the u.sc of pcnicilittu These cysts .should be c.vcised 
.at a time of election wlien no infection is present. They may disappear 
spontaneously but usually recur au<l should be removed nl a time when 
the cyst is distended; ollicrwise oj)eralion may be unsuccessful because 
of incomplete excision. 

If infection is present it «all frequently subside without operation witli 
the aid of hot clouches and hot sitz Iwths. If infection lioes not subside 
promptly, or if undue discomfort is present, incision and drainage, ns an 
office procedure, uliliziug procaine local anesthesia, will result in relief of 
symptoms and subshlence of infection. Tlie use of packs at the time of 
incision and drainage should be discouraged, .rince they result in e.vcessivc 
scarring and make the subse<picnt excision more difficult. 

The incision for excision of the cj‘st is matle directly ov’cr it in the 
longitudinal axis of the \adva (Fig. 320, a) and wc prefer to make it on 
the cutaneous side. Te Linde prefers an ineision through the mucosa in 
the region of the duct opening. Wien there have been repeated attacks 
of mflainovation of a cyst, this may be preferred because of tlie difficulty 
of dissecting the thin, fragile mucosa from the cyst. In ino.st cases, 
with the cubincous incision, the cyst may be dissected up by sharp dissec- 
tion (l^g, 320, b) with facility since the ghmd opening is closed. The 
mucous metubraues nwy be freed medially without buttonhoUng the 
thin membrane. Bleeding is profuse hut can be controlled with fine 
hemostats which need not be ligated by the technic that is described. 

At times the cyst nuaj’ be opened and it can then be disscctctl, as 
suggeslct! by Curtis, similar to a hvilrocclc sac, making certain to remove 
all of the eysl lining. 

The chief point in the technic Uiat we employ is the control of bleeding 
and elimination of dead space. After removal of the cyst, a cQntinu»ms> 
fine chromic suture with an atniumatic needle is used to effect the closure 
(Fig. 320, c). The single suture obliterates the depth of the wound and 
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aj)j)ro\ini;ites the sides of the cavity by passing' il hack and forth three 
times, and the same material is nsei! for closure of tlie .skin as a Mibcuticu- 
lar suture (I’ig. d). 

Tiiis tyjie of clo.sure re.sulls in a ininiiiiiiiii of reaction in the wound and 
avoids Iicinorrliage, with a luiniiiiiiin of swelling. Healing i.s quite rapid 
and the jiatieiit may be discharge<l from the lio.sj)ilal uilhin one or two 
days. Twenty-four hours after operation, hot sitz baths may be taken 
twice a day. The incisional .scar is soft and pliable, with little thickening, 
and does not remain .sen.sitivc or painful for any appreciable period. It 
results iu a unmnunu of discomfort and disability for the patient 
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may permit a procedure whicli one would otherwiM; hesitate to use. In 
the older age groiip the problem of child-bearing no longer applies and 
dysparcuiiiii becomes less important. One learns by experience, liow- 
ci-er, never to disregard entirely the complication of dj-spareunia in any 
patient. reg.ir<licss of age Beyond muldtc age the possibility of malig- 
nant di-scase of the cervix or fundus may infliicncc the choice of operative 
proceilure, and here also the general health of the patient often must be 
taken into consideration. 

Degree of Prolapse. — Moderate ilegrces of prolapse can be well con- 
trolled by proccilurcs such as the Manche&ter-Fothergill operation in 
which the cervix is amputate*} and the cardinal ligaments approYirD-ited 
in front of the lower uterine segment Tins is particularly true nhen the 
major pari of the prolapse is due to a markedly elongated cervix. We 
do not believe, however, that it is reasonable In expect such a procedure 
to control a complete prolapse in which all, or practically all, of the 
uterus can he ilrawn oulsirlc the inlroitus. Nor do wc feel that the Wat- 
kins-Wertheim uitcrposilioii procerlurc is suilnWe for prolapse of tins 
degree Here, the fundus may be held up well by its suspension to the 
tissues along the pubic rami, but unless some iidditionai fixation h used, 
the lower uterine segment will smng *lown and prolapse. Vaginal hys- 
terectomy will provide the most satisfactory fixation for this sesw 
degree of prolapse and miles? contramdicale/l other considerations, 
is the procedure of choice in these p.itients. 

Degree of Cjstoccic Present.— The size of the cystoccle associated 
with uterine prolapse will x-ary markedly from patient to patient. Ihere 
may be little or no cystoccle prc.scnl in the rare millijiarous p.itient in 
whom ulerme prolapse develops or it may, in other patients, represent 
the major part of the pelvic descent. If the age of the patient and Ibe 
size of the uterus ilo not offer contraindications, few procedures are 
better adapted to the treatment of a large cystoccle associated irilh 
moderate prolapse than is the IVatki^s*4^'crthelm interposition opera- 
tion. On the other hand, if the ey.stocelc as well as the prolapse is onij 

wodernte iind the patient in the preincnopausa} age, a procodure of 

Jlanchester-FothergiH type will correct the prolapse just as salisfax- 
torily and will provide a more pliable and better functioning xagina- 

Size and Condition of the Uterine Fundus and Cervix.— The presence 
of uterine bleeding, or a P.ip.anicolar>n smear suggestive of 
disease, ma}’ make it desirable to remove the uterus iu a patient wi 
uterine prolapse. A small uterine fundus is not well adapted to 
a large cystoceic when the interposition operation is considers 
fibroid uterus of considerable size may make vaginal hysterectomj 
duly hazardous and the interposition pmceflure uns.itisfact^ . _ 

Presence of Other Pathologic Cwiditions in the Pelns.— le 
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hesions as a result of previous pelvic surgerj* or from pelvic inflammatory 
disease should make one hesitate before attempting vaginal hysterec- 
tomy or the interposition procedure in the treatment of uterine prolapse. 
Unless there is a definite indicJilion for removing the fundus or unless 
the prolapse is of marked degree (not likely), a Manchestcr-Fothergill 
procedure is preferable under these circumstances. 

Vaginal Prolapse following Hysterectomy. — This unfortunate develop- 
ment, which is still occasionally encountered, should occur less frequently 
as the importance of the prnj>er suspension of the vaginal vault at the 
time of hysterectomy becomes better appreciated. On the other hand, 
if the necessity of carefully .suspending the \’aginal vault by tbc cardinal 
ligaments, uterosacral ligaments and the paramelrial tissue surrounding 
the uterine artery, is not fully appreciated, the trend from supravaginal 
hysterectomy toward total Jjysterectomy may well result in an increased 
incidence of this serious coniplicjition. 

Careful e.vamination of these patients may reveal that the vaginal 
prolapse is largely due to a cystoccic or rcclocelc, with a lacerated peri- 
neum which was not corrcctetl at tlic time of the hysterectomy. If the 
vaginal vault is reasonably well suspended a careful anteropo.sterior 
repair may correct the situation. Occasionally, tlio cystoccic and rccto- 
cele may be associated with prolajise of an elongated cervical stump. 
This situation may be corrected sjilisfaclorily by removing most of the 
cervix and approximating the cardinal ligjiments in front of the remain- 
ing segment of cervix and utilizing this as a support for the vaginal 
vault. At other times it will be more satisfactory to interpose tlie re- 
maining segment of ccrvi.x beneath the idadder, as in the Watkins- 
Wertheim interposition procc<lure, following amputation of any redun- 
dant portion, and using this as the main support of the v'aginal v’ault. 
Wien the cervix is small and alropJiic, or has been entirely remov’ed 
along with the uterus, a more serious problem is presented. In the elderly 
patient in whom the function of the vagina is not important, a jiartial 
(Le Fort) or total colpocleisis may be earned out and will usually 
correct the condition quite sati.sfacloriIy, In the younger patients in 
whom it is important to preserv'c the function of the V'agina, some type 
of abdominal fi.vation of the vagina must bo carried out. Tlie v’aginal 
Vault may be suspended to the anterior abdominal wall by silk sutures 
(Brady) or by fascial strips if its length is not sufficient to reach the 
anterior abdominal wall (lYard) or by suspension to the uterosacral 
ligaments according to the vaginal method described by Miller. 

OPERATIVE PROCEDURES 

Vaginal Kepair with Abdominal Suspension. — This pro- 
cedure is most frequently used in young women with svTnplomatic 
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iifcrinc prolapw, cysloccle, rectocele and lacerated perineum who dedre 
lo have more children. It symptoms arc not marked I usually advise 
these young women to wait until Uiey are past the child-hearing period 



transverse incision La? been made onearbsiiieat tbe upper end of ibisTiorfsion topft\fot 
tearing into tbe urethral orifice The bladder has been mohili/eil from the anterior surface 
of thecerviTand uterus f',Puboee^v^calfas«^^aw*pp^oTi^w ted b/ mat tress sutures beneath 
the bladder and the urethra If the patient baa nnoarj^ iiiconlmenoe, particular care roust 
be given to approximation of the fascia beneath the uielbra and itie bladiier n«l: 

and tlien have a definitive rqiair carrictl out. Occa.sionally, the^e P'"'* 
ticiils may he carried along by the use of a pessary until they have cmii- 
pleted their family. 

iJisadraafajes. — Cystocele, lectocele and lacerated perineum can be 
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corrected quite 5;itisfnclorify hut, .since iiotliing is done to tlie uterus 
itself from Iielon-, dependcttec must be placeil upon llic round ligament 
suspension to correct llic prolapse. Suspension b}' l)ie round ligament 
from abo\e is never as dependal)le as wlien the far more impfirlant sup- 
porting structures in the base of the bro:i<l ligament are used, as ii] 
the vaginal oj)eratlons for uterine prolapse. Ventral fixation of the 
uterus itself is out of tlie qiic.stion since the main purpose of the ab- 
dominal part of the jjrocedurc is to correct the prolapse and at the same 
time jjermit subsequent j)rcgnancy. 

Technic. — I. An anterior coljKirrliaphy is first carried out, approxi- 
mating the strong i)uboccrvical fascia beneath the bladder from the 
urethra to the cervix* (Fig. 321). 

If stress incontinence is present, (uirlicular attention must be given 
at tlie time of the vaginal repair to correction of the urctliroccle and to 
approximation of the musculofascial (issues about the bladder neck. 

2. Careful approximatioti of Ibe levator uni muscles and repair of the 
perineum arc essential parts of any oi)erativc j)rocc<lurc for uterine 
prolapse (Fig. 322), and it is important to einpbasizo lliat thi.s vaginal 
part of the procedure should be carefully carried out if a satisfactory’ 
result is to bo obtained by this combined procedure, 

3. As in all operations for prolapse, one must make certain that an 
enteroccle is not present. If an enlcrocclc is present and is not corrected 
it may necessitate reoperation in spile of an otherwise e.vcellent vaginal 
repair. If it i.s presetit tlie sac shouhl be dissected free ami amputated 
as in any other type of hernia repair. The defect is then closed by ap- 
proximation of the utcrosacral ligaments behind the cervix*. The closure 
of the defect can be reinforcc<I by phcaling sutures above when the 
suspension part of the procc<lure is carried out. 

4. My preference for the round lig;iment suspension part of tlie opera- 
tion is the use of a mo<iified Gilliam suspension in which the round liga- 
ments are withdrawn through the internal inguinal ring on each side 
and brought out over the rcclus muscle to be sutured to the under- 
surface of the rectus fascia. Tlie point of emergence of the round liga- 
ments at the internal inguinal ring sliould be checked to make certain 
that no aperture remains through which small bowel might prolapse. 
Shortening of tlie pterosacral ligaments will also help to maintain the 
uterus at the proper level. 

The Manchester -Fothergill Procedure. Advantages . — This is one of 
the most widely applicable operative procedures for the correction of 
uterine prolapse. It is not incompatible with pregnancy and normal 
delivery although the incidence of sterility, premature delivery and 
cerxical dystocia is somewhat increased following its performance. It 
does not shorten the vagina and, if properly carried out, does not pro- 
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duce dj-spareunia. Tlje periloneal carily U not open«? anj this proce- 
dure probably nivolvcs less opcrath-D risk than any other tyik* of opera- 
Iton for uterine prol.ipse- It will correct satisfactorily all but third degree 
or complete prolapse and the most important supporting structures of 
the uterus, namely the {lantmctnal tissue surrounding the lower uterine 
segments (cardinal ligaments), are utilized for the sup})ort of the uterus. 



Fig Sii —A transSTfse incision has hecn made at the mucocutaner>m boidrr and tir 
Taginal mucosa of the poitenor vapnal *raH elevalcd. If a reclocele is present, as shoxn. d 
is reduced b» carefully approsuDating the perirectal fascia mfh maUress sutures Tbr 
levator ami traaaveraus periner musc/esare tbea approeiiaated leoni mfbia oofiraid Car* 
must be taken to restore the nonoil contour of the Tagina and aroid Ihe production of a 
ndge, either up in the ragina at the height of the repair or at the fiiurcbel (dashboard pen 
iieum). 

Any existing or potential disease of the cemv is eliminated and, should 
uterine bleeding subsequently occur, the uterine ca\nty can be curetl 
without difficulty. 

Disadranlages — If one must operate for a uterine prolapse in a 
woman in the child-bearing period, the relative sterility and 
dystocia associated with this operation must be kepi in nuna- ^ “ 
feel that this procedure does not give sufficient support in patients wi ^ 
third degree or complete prolapse of the uterus. ^Mien ihe 
associated, with third degree retrOA'ersion it is usually not ^ 
correct the retroversion by this operation. 
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Techik.—l. Following (HlnUiltonantl e^relt^ge, an inverted T-sliaped 
incision is iu tUc mucosa of Uic autcrior vaginal wall. The mucosa 
is reflected, the bladder mobilizei! up from the cerviv, and approxima- 



fig- 323. — a, Tlie nnlerior va^nat mucosa has heen refleeled and the cardinal ligament 
is clamped, divixled and ligated on ead> side b. Hie bladder has been mobilized up from the 
cervjs and anterior surface of the uterus The pubocervical fascia is being nppro.simatc(l 
with mattress sutures, the cardinal ligaments lia^'e been npprosiin.ited in front of the lower 
uterine segment and the cervix amputated. Closure of the vaginal mucosa is begun with 
Stunndorf suture, muting it to the uterine canal in the posterior inidline. 

tion of the pubdcorvicjvl fiisycia iMuieath the Idaddcr c;irric<l out by in* 
terrupted mattres'' sutures of fine chromic catgut. If there is a history 
of stress mcontinence, care must be directed particularly to the urethral 
floor and the bladder neck. 
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2. The inuco'sa then rcflccltti from the posterior surface of the ccr- 
vk', the cervix is amputateiJ ami the base of each ligament as it inserts 
into the lower uterine seguicnt is clamped, dividctl and hgaletl (Fig. 
325, a). 

3 This fihromuscular lt.s.suc (canlinal ligament) is then appraxiroated 
anterior to the new cervix above the Imc of amputation (Rg. 325, h). 
TIjU is the essenti.al point m this operative procedure and this strong 
fibromviscufar tissue can be approxiuiatecl as far as is necessary to raise 
the new cervix wcU up in the pelvis and thus provide a iiigh firm support 
for the vaginal vault. The operation is completed by approximating the 



f'jg 8^4 — Walkins-tVertb«ajitil«it><>olionoperJ>tK>n 
ihc eoriai sutured to the Inscia along lh« pubtc r#®« on Mcti side The Wsilder nos’ lests 
upon the pnblenor surface of the fundus of the uterus The vapnal ttiu««r> » dewd U'w 
the anterior surface and the loaer uterine sepinent folioaiog amputation of the cetot 
This provides a firm support for the anterior vaginal scall 


anterior %'aginal mucosa, repair of the recloccJc, if present, and fin.dbi 
repair of the perineum , 

WatWns-Werfheim Inlerposilton Operation,— .rfi/rfniffljM.—ff 
patient lias a large eystoccle, n motlerate degree of uterine prolapse ant 
a normal-sized uterus, the jntcrposiltoii of the uterine fundus Iwnca 
llic blaiMcr will provide as secure a support for the eystocele as can « 
found (Fig. 324), AUIiough the peritoneal cavity is opened, thi^ 
tliirc tloes not involve extensive disscclioti and can be carrici ou 
a miiiimutn of operative risls. Any existing disease of the cervix 
eliminated by adding cervical ainputalion, and this ako jtcrinils a iV 
snpjKirt of the lower uterine segments . 

Disadvanlages.-Tbc WatWnsAVertheim intenw^bon 
incompatible with pregnancy and if carried out in the chi v - a. 
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the fallopuin tubes must be Uccause of the firm, unyielding 

anterior vaginal wall, dysjmrcmiia is a complication whicli must be 
considered in young or middic-agcti women. If the degree of prolapse 
is marked, .suspension of ll»c uterine ftindiis ])eneatli tlie rami of the 
pubis docs not control prolapse of ll»e lower uterine segment and cervix. 
If cervical ainpuUilion is added, Uie procetlurc will correct second degree 
prolapse but complete prolapse is still, in our opinion, better treated by 
vaginal hysterectomy. If the uterine fundus is small and atrophic it does 
not offer a satisfactory sui)port for the lihnlder. If tlie fundus is the .seat 
of a sjiiall uterine fibroid, it may not be imssiblc to interpose it bencatli 
the bladder and jirescrve a .satisfactory vagina. If subsequent uterine 
bleeding occurs, tbe fundus is in a diflicidt |>osition to curct .satisfactorily 
in order to rule out Ibc prc.scnce of endometrial carcinoma. 

Technic. — 1. Following <liIitUtion and curettage, the mucosa of the 
anterior vaginal wall is reflected, the bladder mobilized and advanced 
from the cervi.x to a point wlierc the vesical uterine fold is encountered 
and tlie peritoneal cavity opened. Tlic bladder must be completely 
mobilized so that it will rest freely on llic jKJslcrior surface of tbe utcru.s 
wliich is to bo interposed beneath it. The dysuria and other urinary 
.symptoms which have been rc{)orled following the employment of this 
I>rocedure arc probably due to an inadequately mobilized bladder, the 
floor of wliich is pushed up by the interposed uterine fundus. 

2. The adne.va are tlicn carefully palpated to rule out adne.val disease 
and tlie presence of any intra*abdominal fi.xation of the fundus. TJie size 
of the uteru.s can also be determined at this point, and it can bo deter- 
mined whetlier it can be brought beneath the bladder to form a satis- 
factory support. 

3. The cervix is then amptilalcil following ligation of the cervical 
branches of the uterine arteries and the (wstcrior vaginal mucosa ap- 
proximated to the cervical canal by a Sturradorf suture. 

4. The uterine fundus is then delivered through the opening in the 
vesico-uterine fold of peritoneum. This can be done either by a tenacu- 
lum or by successive figure-of-ciglil sutures in the anterior wall of the 
uterus. Each cornu is then securely sutured to the firm fibromu.scular 
suture along the lower border of eacli ramus of the pubis. The mucosa is 
approximated over the fundu.s of the uterus and the anterior portion 
of the cervix and repair of the perineum is carried out (Fig. 325). 

Vaginal Hysterectomy. — Advantages . — ^'aginal hysterectomy is, in 
our opinion, tlie most satisfactory method of treating the patient of 00 
years of age or over who lias severe or complete prolapse of the uterus. 
Although it involves more dissection than either the Manchester pro- 
cedure or the interposition operation, it stiil can be carried out with a 
low operative risk, even in elderly women. The utilization of all the 
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supporting structures contained in tlie broad liganjents, as well as the 
uteros:jcra! ligaments, insures a secure, adequate support to the vagina! 
vault H necessary, these hroatl ligamenU can be approximated In form 
a sling and fixed to the puhjc rami Wiieath the bladder. The fundus as 
well as the cervix is eliminated, which is advantageous in this group of 
patients who all fall in the cancer age group. 



taulUne to Ihe uterus after escbwn of the redundant portior 


Disadraniages . — Wlien vre employ s-aguial hysterecto^ 
rcction of uterine prolapse, utilizing the jHihely to hr 

e do not 


wv. -c 

H.-v:nuu Ut LH.«.n*tV uwa.o.—B . . , .J Je lilcelv to 0^ 

for suspension of the apex of the x'aginal s’amt, ‘ ' 


appreciable shortening of the x-ajpna. For this reason S's 
that it is the firoeedure of choice in jwlients tn w .^g^jjjfslons, 

the va^na is important unless the prolapse is comp e e. 
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Fig 83C —Vaginal hi-sUrectoroy The uterus ha« b«n removed The nnterior aod pm- 
tenor pentoueal flaps have been approxioiatej and now tbelignted broad ligsments on each 
side arc- approximated la the midline to form an extraperitoneal sling I'hicb will support the 
vagina 



F.g 337 -The vaginal mtimm hn. been rfednl from nn.leiljing ten 
teriorly and posteriorly This prolapse of the vagina is then inverted by 
string sutures until it is entirely replaced The excess mucosa is excised, leaving jus 
to cover the last inverting suture 
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co<!a js cIosc<!, ulilizing the hrojul sling sis a support to the 

smterinr «sill sind Use vsiginsi) 

8. The posterior vagisssil iinieiis.i is rsiisti), carrying the iljsseclion 
almost to the licight of the anterior <lisseclion, 

9. TJic levator arii imiscJes are then visualized and approximated as 
high as possible, the height of the approximation being governed by the 
need of that particular patient for preserving a functioning vagina. 
Tlie transverse perineal Tnuscle.s of the perineiiin are then built up to 
form additional sujiport for the anterior wall. 

10. A sponge is placed in the vagina for hemostasis, and an indnelling 
catheter is left in the bladder as in all other vaginal plastic procedures. 

Total Colpocicisis. — 'I'liis procedure will correct pro- 
lapse of the vaginal vault with associalerl prolapse of the bladder and 
rectum, following supravaginal or total hyatcrcctoniy. It can usually be 
carried out without undue operative risk, even in elderly patients. 

Disadvanlaffes . — ^Tlic importance of complete loss of vaginal function 
will vary according to tlie age, marital status and personality of the 
patient. 

Technic. — In total coljioclcisis the entire vaginal mucosa from the 
anterior and po.stcrior walls js reniove<l and tlie vaginal vault inverted 
by successive pursc-string sutures (Fig. S27), or successive rows of inter- 
rupted sutures appro.\iniating (lie anterior and posterior submucosal fas- 
cial structures. The small margin of the mucosa at tlic introitus Is then 
approximated with a few interrupted sutures. 

Combined Procedures . — As has been pointed out before, salient 
features of one or more of the prcriously mcntioncil procedures may be 
combined to fit a particular nectl in a particular patient. We have had 
no experience with tlie Spatding-Richardson composite operation as 
described by Te Linde but the underlying principles are sound and it 
should give e.vcellcnt results when indicated. It eliminates both the 
fundus and the cervix a.s a source of future trouble for the patient and 
at the same time preserves the lower uterine segment with its undis- 
turbed important adjacent fascial structures to form the support for 
the vaginal vault. 


CONCLUSIONS 

As has been pointed out l)efore, a well chosen technic carried out with 
a minimum of trauma to the patient, with careful dissection and accu- 
rate approximation of. tissue and the use of fine suture material, m'!! 
pay high dividends in grateful, comfortable patients and should result 
in a minimum of recurrences in uterine prolapse. 
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contains afferent neurons. However, since e\cision of the superior hj-po- 
gastric plexus in many instances relie\*cs pelvic pain, it must be assumed 
that visceral afferent fibers are associated with the sympathetic nerves 
and that these fibers are capable of transmitting pain impulses to the 
central nervous system from pelvic visceral receptors. 

Apparently division of the prcsacral nerve docs not appreciably alter 
any normal physiology of the pelvic organs. Fontaine and Herrmann 
stated that section of the superior hypogastric plexus does not alter the 
normal menstrual cycle, does not interfere with spontaneous parturition, 
does not produce glandular atrophy, chronic pelvic congestion or any 
disturbances of motor function of the blad<ler or rectum Meigs noted 
minor changes in the menstrual cycle following presacral ncurectomj. 

SELECTION OP CASES 

It IS not the purpose of this paper to discuss types of dysmenorrhea 
and indications for presacr.il neurectomy. Our inilications for ptesacral 
neurectomy have been described by Marshall and Kennedy (1015). 
Suffice It to say that patients willi dysmcnorrliea sliould be carcfullj 
selected. They should have complete study and thorough trial mlh 
Conservative medical measures before the patients arc subjected to thb 
procedure. Although Human sliowcil that patients with dysmenorrhra 
have a lower pain threshold than normal women it must he rememberNl 
that dysmenorrhea is a symptom and not u disease — that pre«acral 
neurectomy is symptomatic treatment and not a form o! therapy dealing 
directly with the cause of the symptom. 

ASSOCIATED PELVIC DISEASE 

All abnormalities of the pelvic organs encountered during presacral 
neurectomy should be treatwi by corrective surgery. In cases of eerricai 
stenosis an adequate dilatation or curettage should be performed, lllien 
ovarian tumors or cysts are found, partial oophorectomy and excrsion 
of cysts are indicated. Endometriosis is searched for and when fouti' , 
especially in young individuals, is treated conservatively hy caufenw 
tion of implants. Retroverted uteri are suspended. The appendix is re- 
moved routinely. Phaneuf pointcil out that pain ocGisioned n Die 
chanioal disturbance of the appendix, such as that accomp.inj 
retrocecal appendix or frequently from an appcmlix wliicli is uf ifivD 
to the pelvic organs, may increase at the time of menstruation. 

PROCEDUnE 

Presacral neurectomy is performed most often at this . 

spinal ane.slbesia. A dilatation and airettage precedes the F 
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The patient is then placed in llic Trendelenburg position and the ab- 
dominal cavity is entered through a lower nndlinc incision extending 
from the umbilicus to the syinjiliyMs. A careful exploration is performed 



Fig. 3?8 — Jnin«ion of posterior peritoneum. 


^ 1 pelvic abnormalities are noted ami any corrective surgical procedures 
lat are indicated, especially the removal of a large tumor which may 
interfere with exposure, may be dealt with at this time. Tlie intestine is 
packed above so that the promontory of tlie sacrum, the bifurcation of 
le aorta, and the iliac vessels are well exposed. The sigmoid may be 
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rpclundanl and extend to tiic midluie, in which case it should be roobil* 
iz«l and retracted laterally. If the patient is thin, the presacral nerve 



Fip 3?9 — Exposure of 

may be seen and palpated beneath the jwsterior ]>arietal per' 
In obese patients, however, \t may be Itwlden in fa ttj 
The posterior parietal peritoneum is divided iti fiie 

ri,. biforration of the aorta down to the level of tl.e l««ti 
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sulures. Tlie triangle formed by the bifurcation of the aorta and the 
comnion iliac arteries is tlion well e\'i)ose<I. Tlic left eonmion iliac vein 
is .seen medial to the left comnion iliac artery. Tiie right efnimnm iliac 
vein i.s not visiializcil as it runs latcnil to the right common iliac artery 
outside the field of disscKition, The right ureter is usuallv c\pos«I, the 
left ureter is rarely cxposcfl. Tlie iniilsacnil artery jiarallels tlic presaeral 
nerve and occasionally is divideil to facilitate freeing the plexus. 

A tajie is placed around tlie plexus and the adjacent closely attached 
areolar tissue so that tlie plexus may be lifted from it.s bed, thus making 
dissection easier (I'ig. 32S)). The dissection must he meticulous and 
hemostatic so that all of the fibers of the plexus and the closely adjacent 
connective tissue arc excised, ami so that there is no possible chance of 
injuring the iniporbiut neighboring slnicliircs The upper aspect of the 
plexus is freed to about 2 to 3 cm. above the bifurcation of the aorUi 
and is div’ided and ligated at lliis level. The dissection is then continued 
caudad over the left iliac vein to the bifurcation of the common iliac.s. 
It is TVell to remember that the fil>crs from the upjier ganglions may pass 
posterior as well as anterior to the iliac vc.sscK. 

As the lower aspects of tlie plexus are approached it may be found to 
divide into two more or less distinct branches, tlic .so-called liypogastric 
nerves. At the level of the bifurcation of tlie common iliacs the picx’us 
IS excised and the dishil branches ligated. The field is exximincd for lieino* 
stasis and the posterior peritoneum closc<l. If indicated corrective pro- 
cedures have not been perfonnc<l earlier, they should be carried out at this 
time and appendectomy pcrformc<l. The abdomen is closed in layers. 

The operation is a simple proce<lure with practicallj' no mortality. 
Postoperative complications arc few. Presaeral neurectomy, however, 
is associated with the same hazards and complications of any laparotomy 
under general anesthesia and Iiecause of this it should be elected only 
after careful thought and deliberation. By proper selection of cases and 
complete, careful excision of the plexus, gratifj’ing results may be 
obtained. 
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TREATMENT OF HEMOKUHOIDS 
Neil \Y. Swinton and John M. SLAur.UTKit 

In Uie June miinbers of tliis publication in 1 D 3 P’ and articles 

were published from this clinic on the Ircatnient of hemorrhoids. In tlie 
ten years wJn’ch have elapsed since these reports, certain refinements 
Imve been developed in our management of this condition. Wo have 
increased our experience with the injection method of treatment of un- 
complicated internal hemorrhouls and arc more enthusiastic over its 
value than we were ten years ago. The pLastic amputative type of 
hemorrhoidectomy has been «sc<l less and less in tlie operative treat- 
ment of “piles,” and at the present lime is rcscr\'cd almost entirely for 
those patients with minor degrees of ana! prolapse. 

The purpose of this presentation is to review briefly the fimdamenlal 
principles of tlie injection and opemtive methods of the Irealmcnt of 
hemorrhoids. Also, n simple type of hemorrhoidectomy will be described 
which has been employed for a ten year period and has given us satis- 
factory rcsulLs, 


SELECTION OF CASES 

Hemorrhoids are tlie most common pathologic entity found in the 
anorectal area. The incidence of this condition is not known but it is 
generally accepted that at least one-half of those patients coming to a 
sigraoido.scopic e.vamination will presciil some degree of liemorrhoids. 
Many of these patients will, of course, require no treatment, but it has 
been our policy to advise treatment for those patients with hemorrhoids 
who complain of symptoms relalcil to them. We Jiave never been im- 
pressed with the claim that hemorrhoids or infected crj'pts without as'so- 
ciuted symptoms W’hich might conceivably lie acting as a focus of infec- 
tion are of any particular significance. Occasionally patients are en- 
countered with symptomle.ss skin tabs or hemorrhoids, who have been 
advised to undergo rectal surgical procedures because of the potential 
danger of malignant degeneration. There is no evidence that hemorrhoids 
or skin tabs have any relation nutlignanl degeneration. 

Ihe common symptoms with Jiemorrlmid.s are bleeding, 

pain, protrusion and iteliliig or pruritus. 

RecUd bleeding is One of tlir most iuijKirtanl problems wntli winch we 
have to deal uml it is one of the most rsiinmon complaints encountered 
111 a large general pnictiee. Every pliyHtcmn, inlernisl as well as surgeon, 
must have a thorough underslmifliiig of the relation of rectal bleetl- 
mg. Patients today are cnneer-conscioiis. There has been so much pub- 
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Ucity in the lay press concerning tlie possible relation of bleeding 
from any of the body oriBccs to malignancy that the majority of pa- 
tients whom we see at the present lime with rectal bleeding are aware 
of the possible relation of such bleeding to cancer In spite of this, pa- 
tients are still seen with rectal bleeding and advanced malignant disease 
of the colon and rectum who have undergone a hemorrhoidectomy within 
siv months' time of their visit to the clinic. It is our impression at present 
that the greatest number of errors in the delay in Uie detection of malig- 
nant disease of the colon and rectum is caused by inadequate examina- 
tions on the part of physicians ratlier than by any delay in the patient’s 
reporting the presence of rectal bleeding to his doctor. 

A spot of blood noted on the toilet tissue probably arises from a fissure, 
anal pruritus or a skin tab. The painless spurts of blood noted in the 
toilet which precede or accompany a bowel movement are ordinarily 
caused by internal hemorrhoids Tlic only safe policy to follow in the 
presence of any type of rectal bleeding, however, is to assume that 
malignancy may be present and to carry out complete rectal and colon 
studies whicli will rule out any such possibility. These examinations 
should consist of the following and be performed in the order named: an 
inspection of the anal orifice and perianal tissues; digital palpation and 
anoscopic visualization of the anal canal, and sigmoidoscopic examica- 
tioti of the terminal 10 inches of tlie gastromtesttnal tract. Rocittgeno- 
graphic studies of llie remaining colon should be made in addition when- 
ever indicated. 

The majority of patients with hemorrhoids whicli have been present 
for some time and which ate large will usually complain of some degree 
of pam or discomfort in the rectum. The eJicitation of this fact in the 
history is particularly imporlanl in determining the type of treatment 
to be followed as it has been our experience that a complaint of pain or 
the presence of pam on examination usually contmindicates the mjec- 
tion method of treatment. 

Tlie presence of pain in the history or at the time of evarainatioa 
usually indicates the presence of thrombi, prolapse, infection, cr^iititi^, 
stenosis or fissure accompanying the hemorrhoids Ilemorriioiils asso- 
ciated with any of these conditions require surgical excision and are ncl 
suitable for the injection method of treatment 

Ideal candidates for tlie injection method are usually those potim * 
who have painless leclal bleeding. , 

Varying amounts of protrusion from the anal cauai will coiumon v 
found associated with hemorrhoids. It is important ta determine 
extent of this protrusion in each jwtient. Minor degrees may le con^^ 
trolled with injections but the more extetisis’e degrees of 
require surgical excision. At the clinic, signaoidoscopic exanuna ons 
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usually perfnrnied willi tlio pntteiil in «n invcrJcd posifion. TJiis [losi- 
llon is not s;ilisfacl()ry for the flelerminjilion of [)rolaps(‘ or |)rolrijsiorj 
of hemorrhoid S-. It is our eusjoiii when a sifjriioidoseopic exaiiiiiiatiou 
lias been completed with the |uitien( in an inverted posttion to have 
him assume a second position either on his side or -(luattiiiK sd (hut u 
digital evamination and anoscopie visuuh»iti<m of the ana! eanal may 
be performed and the degree of prolapse or prolrudon accurately eval- 
uated. At the time of ojicrathm when the iiatient is nmler ane.slhesia 
ami in a prone jmsition, tins may he ilenionslnilcd b.\ inserting a plug 
of dry gauze in the anal canal and geiillj' withdrawing the gauze. 

Anal jiruritus or itching is commonly a.ssocjatal willi licmorrhoids. 
This pruritus results more from the perianal rierniatilis and comstitn- 
tional background of tlio patient than from the “piles” themselves It i.s 
a common e.vperience to evaminc a patient with a long-standing fii.story 
of anal pruritus who lias had in the past one or more operalum.s for 
hemorrhoids, without relief. IFemorrhoidectoniy in itself rarely perma- 
nently relieves the patient with long-.staudinganal itching The removal 
of large, edematous, infected skin tabs interfering witii mcclmnicul 
cleansing of the perianal area may be a necessary adjuvant to the con- 
stitutional and dermatologic aspects of treatment. Hemorrhoidal injec- 
tions may at times bo of assblancc in relieving pnirilus, but hemorrhoid- 
ectomy in itself is usually* a minor jKirl of the Ireaimcnl of pruritus nni. 

A complete history and pliy.sicul c.vamiiialion sliould bo carried out on 
all patients who come for treatment of their heniorrhoiils. At tlic clinic, 
routine urinalysis, blood Ilinlon delcniilnalion and a blood cfnint arc 
ordinarily also done 

It is particularly irnporUint to elicit in ilelail from the patient any 
gastrointestinal symptoms other than those related to the anorectal 
area. Bowel dysfunctions such as chronic c;»tharsis^ chronic constipation 
or diarrhea frequently accompany hemorrhoids. All sncii gastrointestinal 
disturbances should be carefully considered in the ultimate treatment of 
the patient. 

^Mth the completion of a careful liistorj', a general examination and 
special examinations of the rectum and cxilon, the type of treatment for 
the individual case is usually obvious. Our indications for the injection 
method of treatment ha^x* previously liccn statwl. 

isjECTtos ftrETiron 

At the present time approximately jkt cent of those patients re- 
‘^iving treatment for hemorrhoids have injeelions, 

Tlie technic of the injeefion mefhml of trinlmenl used at the elinic 
Was taken orignmdlv from that of Buie, 'IWrtU and oIIkth. 7'hls (iWiriie 
has been de*crd>#-d /// lU Uiti in our previous articles and has not been 



870 


NEIL W. awiTfTtW, JOHN 31. SLAOCHTER 


alteretJ Terrell has recently reported on an improved quinine and urea 
hydrochloride solution with a lowered hydrogen ion concentration 
(cliuride) whieli has given impro\-ed results. We have had no personal 
experience with this solution to date. Tlie number of patients who may 
be counted as failures of the injcclioii iiictliod of Ircalnient are few. Aii 
occasional patient is not reJies-e«I of hi's symptoms. When this occurs it is 
usually due to faulty judgment in the selection of the injection method 
of treatment in the first place. The majority of patients are relievesl of 
iJjcir Weeding after the first injection. A fen' patieiit/f return after & 
period of years with mild recurrences of their hemorrhoids wliich inaj' 
be controlled with a second senes of injections. Less commonly, a pa- 
tient returns with recurrence which requires surgical e.YCLsion. 

The complications of the injection method of treatment are exceed- 
ingly rare but, when they do occur, may be serious. In ourc.xperience, 
a pelvic phlebitis has developed in 3 patients followmg hemorrhoidal 
injections Two to three days after the injection the patient has com- 
plained of a feeling of pressure and distress m the lower abdomen and 
rectum. A low grade fex-er has been present. Rectal examination has 
revealed huge mdurated masses filling the |>erjrectaJ spaces and extend- 
ing up into the peh-is. Fortunately, in each of the 3 patients in our series 
the mflamniatory mass subsided after four to six weeks without abscess 
formation or pernuincnt sequelae All complications following the Injec- 
tion method of treatment, however, do not hove such a fortunate out- 
come. During the past six months we Iiave treated 2 patients referred 
to us followmg hemorrhoidal injections given elsewhere, who liad mas- 
sis’c pelvic and rectovaginal abscesses, resuh/ng in rectovaginal fistulas 
and requiring colostomy. In at least I of these 2 patients it is doubtful 
because of the local destruction of tissue whether the rectovaginal fistula 
can ever be satisfactorily repaired. 

SURGICAt treatment 

For those patients whoschemorrboids require treatment and arenolsuit- 

able for the injection method, excision is indicated Discrete thrombotic 
Iiemorrhoids which cause local pain may be excised satisfactorilj’ as an 
office procedure after the “pile’’ has been symmetrically distended wil 
a I per cent solution of procaine. Many small thrombi do not cause 
symptoms, however, and will subside without any surgical 
Massive thrombi accompanied by edema and prolapse are 
conservatively until the edema and in/cetjon hax’e subsided, evi 
of the hips, massive hot wet dressings and berl rest usually su ce 
the relief of the acute symptoms Hemorrhoidectomy is onhnan > tnt 

cated at a later date. , «rran''e' 

For those patients requiring some tj’pe of hemorrhoideclomj , a ^ 
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ments for operation may he njatlc at a con^'cnient time. They should be 
admitted to the liospitnl a day prior to operation. No attempts arc 
made to empty or sterilize the bowel comidetely. A tap water or saline 
enema is given a few lioiirs before operation but no cathartics are 
administered. 

Anesthesia. — ^Tlie ideal ancsllie.sia for nnoroctai surgery must be safe, 
with a minimum of complications and no sequelae, and provide ade- 
quate relaxation. At tlie clinic, anorectal surgery is done whenever 
possible with the patient in the prone position because of the improved 
exposure and lessened vascularity of the parts involvcrl The inlialation 
types of anesthesia liavc in general not been entirely .satisfactory with 
patients in this position because of the ditlicully in breathing. Deep 
ether anesthesia, it is true, gives adequate relaxation but the tcclmic of 
administering ether willi the patient in the prone position is unsatis- 
factory and the postoperative <liscomforts arc not desirable. 

The intravenous use of the barbiturates has been advocaterl by many. 
The barbiturates arc safe but e.vccpt with very experienced ancstlietisls 
frequently do not provide ade<|ualc relaxation and, with patients in the 
prone position, arc not Jiigbly desirable in many instances because of 
the difficulty in breathing and the frequent requirement of o.xygon suji- 
plementary to the anesthesia. 

Spinal anesthesia can be given rapidly, produces ideal rela.vation and 
has been used for many years at the clinic for rectal surgei^*. Spinal 
ane.sthesw, however, pro<luces an occasional very troublesome post- 
operative headache, and for this rea.son is being employed le.ss and less 
for surgery of this type. 

At the present time for most anorectal surgery, caudal anesthesia is 
being employed almost routinely. Tlie technic of administering caudal 
anesthesia by inexperienced aiiestlictists is at times trying to the pa- 
tient, but this can be minimize<I with c.xpcrience. Relaxation is satis- 
factory, and postoperative complications arc at a minimum. In our ex- 
perience witli large numbers of patients being given anesthesia of this 
^ype, the only complication that has been observed is an occasional 
complaint of soreness and tenderness in the region of the needle punc- 
ture, probably due to a perio.slcaI reaction. Tin's has never produced 
Serious or permanent .sequelae. The addition of trnnssacral anesthesia 
to the caudal block has been aliaiidoned as unncce.ssary. 

For caudal anesthesia, a single needle is introduced into the caudal 
canal ; 25 to 30 cc. of 1..5 per cent metycaine or 2 jier cent procaine, com- 
bined with 2 to 3 minims of 1 to 1000 epinephrine as a vasoconstrictor, 
is employed. Fifteen to twenty minutes should be allowed for the attain- 
ment of adequate relaxation. Nearly 100 per cent of the patients will 
have salisfactorj' anesthesia if this policy is followed. 
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Technic of Heraorrhoidecfornf.—nie tj-pe of heraorrhoiclectomy 
which is utilized at the clinic at the present lime docs not differ mate- 
rially from that preriously described in 193D* and 1942.* This technic 
is reviewed in the accompanying illustrations (Figs. 530 to 335). 

. The patient is placed in a prone position with the hips slightly ele^•al«} 
with a 4 to G inch blanket roll TTiis allows the pelvis to be tipped for- 
ward, the anal canal to be almost in an upright position, more satis- 


POSTEBSOn 



Fig iJO — o, OemoivsCratKin of mtemat ftctBoirfiofcfj and profap«e of sjortwa 
irithdrawiDg dry gauze from the rectum. 

6, Following gentle digital stretetuog of the anal njusculalure, exposure of theanaltansl 
and heroorrhnuls is gbUined bj placing Pennington clamps on the margins of the anal omI 
KmpbasK is placed on excision of the pnoury “pBes*’ usually found m the aot«n''f, 
nghtp.jstertor and left central positions Ileni'^lasisisfintobtaineilbyptaciiJgaclaaipftn 
the aupenoe hemorrhoidal vessels 

factory exposure of the parts than with Uie lithotomy position, and 
there is much less vascularity. At the present time other positions are 
not employed excejit for an occasional instance in which a hemorthot «• 
tomy is combiiieil with a pelvic procedure, necessitating tlie lithotoniv 
jwsilion for the major part of the operation. In general, howe^e^, 
liple operations are not <lone, and frequently if a patient is to * 
gallhbdder procedure or some abtlominal ojienition in addition to 
hemorrlioidcctomy, tJie latter pnxwlure is deferred until a later a 

Occasionally patients come lo Uie operating room for 
cedures who have not had a sigmoidoscs^ic examination. This u 
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because at the titno of the origiiial examination they were in so rmiclj 
distress or the exauiination was so fNiiiifuI tliat inslnitnenUil examina- 
tion could not he done. We ha\c adoplo*! a policy which has been fol- 
lowed for many years of siginohlnscopiiig any jiaticnt who comes to the 
operating table for an anorectal procwliirc who lja> not previously been 
signioidoscoj)cd. This is done under niiesihesia if necessary. If this could 
he adopted generally it would l>c imjKissibIc to perforin a hemorrhoidec- 
tomy in the presence of a neoplasm of the terminal bowel, 

Wien anesthesia is aderpiale aii<l the operative fichl prepared for 
surgery, a gentle digital stretching of the anal canal is done. Strenuous 



Fig. 331. — o, Diagraminatic cross section of itie anal canal m'th a prolapsing heinorrhoiii 
A clamp has been applied to the superior hemorrhoidal vessels proximal to the hemorrhoi- 
dal mass 

dilatations or di\'ulsions of the anal canal arc never performed. This in 
itself lias been responsible for much of the bad name that has been given 
hemorrhoidectomy in the old clamp-and-cautery days. When scar tissue 
IS encountered or there is actual fibrosis of the subcutaneous division of 
the external sphincter muscle, referred to by some as pcctenosis, it is 
preferable to divide this scar tissue or fibrosis surgically. Tliis is not done 
routinely, but we do not hesitate to perform this procedure when the 
anal canal is contracted. 

An anoscope is then introducerl into the anal canal, the obturator 
removed and the rectum filled with a dry gauze strip, the anoscope re- 
^o\ed, and by gentle traction on the gauze strip, the size and extent of 
^ dealt with can be accurately determined. 

he tj'pe of hemorrhoidectomy described is simihir to that generally 
emp oj'ed by the majority of proctologists at the present time. l\fany 
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Fig — a, ^ (igstUKupkced&tdUndthesuperiorlirmorrboj'dal vesieUof the piJppei}- 

, icle A, Tli^ pile u excwe'l dutat to the ligature. Thu incision is earned down to the um^e^ 
yiiig cuuseulature and removes all hemorrhoidal (issue. 



Fig 333 — Diagrammatic cross section of Figure 33J, illusltating, a, 
periorhemorrhoiilal ves^Is and, b, (he begiuniugof the ctosiob of thehemo ^ 

Tec\al suis^^ns reverse the procedure by beginning tfie excision 
hemorrlioidal mass from the outside and working in. a\c 
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fully appreciated the nilionale of tins inetluxl aiid Jiave always p].iee<l 
a prelitninary lip:»lurc around tlic |KMlicle of tlie “jiile” before evcistn^i 
the hemorrhoidal mass. This lipilun*, if pn»}K‘rIy j)Ia(X'<l. controls much 
of the bleeding and allows an ncciinitc surgical dissection of the lesion 
In l>e removed. Particular attention is given to the three primary “pile” 
pedicles in the right anterior, right |>oslerior and left central |Misitions. 



Jjg S34. — a, Mucosa of Ih^ aiul canal h complelrly rc<tnnsl by niicbonng Ibe petitcle 
to the subcut.aneouj division of the external sphincter mu'de 

f*, External hemorrhoidal mass with ox-erlying skm tab is then exnsed. Ie.ax-inpntj open 
^ -shaped wedge for draiimge 

tn more exieiuive processes, hemorrhoidal ti'sue csrn be excised between areas by 
umfercutting Thepresen-ationof intact areas of skin aiul hhicohs membniiie between these 
defects le.nves a more desirable end result llwii limt following the plastic nmput.ntive types 
of operation or any such iiiodi/ic.'ition of the Wliitelicail pnicedure. 

^Mien secondary nidicals are present they can, many (inies, be exci'cil 
in a similar fashion. 

Ten years ago xve performed quite a miiiiher of hemorrhoidectomies 
the plastic ampuUttive type, as ailvocated by Buie. This procedure 
^as performed on those patients with extensive hemorrhoids, usually 
involving the entire anal ring and aecoinpanieil hy varying degrees of 
prolapse of llie atial mucosa. In gciicnd, this procedure gave excellent 
1‘csults although in many of tliesc {Nitieuts some narrowing and also 
^me shortening of the anal canal tvas cncountcrcil postoperalively. 
latter condition was particularly prone to occur in women who had' 
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borne citildren and who had some reLasation of tJie perineum. At the 
present time we rarely employ theamputative typo of heinorrlioideclomv 
except in those plastic procedures in which excision of e.xcess anal mu- 
cosa is requjrecf 

Bacon and others have described methods of undercutting the anal 
skin and mucosa between the segments occupied by the primary “pile" 
pedicles, e.vcismg the JicmorrJioidal tissue in those areas and leaving an 
intact bridge of skin and mucosa at those points. This has seeiiwl to us 
a desirable improvement in our technic and we Iiave employed this 
principle more and more. It docs increase the amount of bleeding at the 
time of operation and at times fight packing for a few hours folloning 
operation is indicated 



Fig 835 — Diagtamniatic cross section of Figure 834, illustrating, a, anchoring of the 
pile pedicle to subcutaneous dirision of the ettemaJ sphincter muscle «nJ, h, rertwalioD 
of the anal mucos.'i to its normal position at the mucocutaneous line 

Hemorrhoidectomy may be said to liave been satisfactory if the 
anatomical and functional results are gootl and the p.stient has not 
undergone an undue amount of discomfort follo'fting the operation. 
Slany experienced rectal surgeons roulinefj- ernploy one of the procamc- 
in-oil preparations injected into the sphincters for the control of post- 
operative pain We have attempted this in a sniaff senes of cases tmn? 
in our experience On both occasions after a number of procedures, com- 
plications have resulted and we liax'e abandoned the pTActice. 

It is OUT belief that with inelicolous attention to certain detail’. 
operative pain following hcmorrlioidectomy can Iw minimircii an* 
jections into the anal musculature at the time of operaltoa are not n«]cs 
sary. There must be no undue trauma at the time of operation, a mna 
mum of streldiing of the muscles, clean surgical dissection of the esion 
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to be rcninvc<I, adequate Iiemuslasis, and lar/'e packs (ir sljoiild 

not be placed in tlie anal canal |K)sto|>en»tiveIy. I'VilIouin/' licinorrhoid- 
octoiny it is our pnicticc to ct>ver Ihe <»|MTativc defects bj:litly uitli a 
small pctrolaljnn .strip t'overt'd willi dry pni/c, and the buttocks arc 
strapped tifjlilh’ with adhesive. 

After-care. — Onr nur'-es in eliar^e <if these p.itients are carefulh in- 
slnicted that massive, lint wet dressinjjs are to be aj)}>lied to the anal 
area as soon as anesthesia has wont off aii<l before iniisciilar >p.isni be- 
gins. Postoj)cnitive jiain following heinorriKHtIwtom.N’ is due to muscle 
spasm. If massive, hot wet packs can he ntdizetl before this spasm 
occurs, these palient.s will liave a ininitnnin of jiostojierative discomfort 
Our practice In this regard lias followe^tl that of Ihiie. The patients arc 
turned from .side to side every hour and the massive liot .saline drc.ssmgs 
are changed at those times. 'I’hesc tlrcssings are niailc up of a mass of 
wet .saline gauze, a large towel, a hot wafer bottle or two and one or two 
pillows to keep tlic dressing hi place. 

Since wc have failbfully followetl these principles wc liave not found 
it nccc-ssary to inject ancsthetlc-iii-oil preparations in tlie iicrianal 
muscles at the .lime of operation for the control of postojicrativo pain. 
The majority of our patients require an avenige of one hyjiodermic in- 
jection after opcniUon. 

Difficulty in voiding following rectal proccilure.s is not uncommon, 
particularly in older male paticul.s. Such patients are allowc<l out of bod 
at any time and given llic usual ciicounigcments. I'oslojicrativo urinary 
complications are not a .serious problem. 

On tlie second or third postojicrativc day if the patient .so desires, the 
hot packs are discontinued anil the patient is allowed to have one, two 
or more hot sitz baths daily. On the nioniiiig of the thinl postoperative 
ilay a small oil retention enema is given. On the morning of the fourth 
day, if required, a 3 pint saline enema is given. On either the third or 
Uie fourth postoperative clay gentle digital stretching of the anal canal 
IS eirried out b}- a physician with a wcll-lul>ricatcd gloved finger. The 
object of tliis procedure is not to dilate tlic anal musculature but to 
separate the edges of the operative wound so that bridging and exces- 
sive scar formation will not occur. This jirocedurc is performed either 
hy us or by the home physician cvci^* three or four days until the opera- 
tive defect has healed, which averages between three and four weeks. 

alients are usually discharged from the hospital on the fourth or fifth 
postoperative day with instructions to continue their sitz baths as they 
arc required for comfort and for local cleanliness and to be examined by 
a ^ctor at least every tlnrd or fourth day. 

uring this postoperative period considerable attention is also given 
the correction of bowel habits. A high percentage of patients with 
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ions as follows; fl) faiiljy coalescence of the lateral halves of the Iwdv; 
(2) sequestration owing to inclusion of epithelium (Blan(l'Sntto»);(3) 
eelodennal inv.igmalioii (IJancliongue); (4) persistence of a eoeo.vgoal 
\cstige of the neural canal (T^iirncnii ami IJernnan), (5) pitiiifury 
(iysfuiielion (Ho-sscr), ami (0) \’estigial remains of the preen glarnU 
(similar to the organ fouml in hmls which cxinlts an oiI,\ svihsUnce used 
in preetnag theie featheris ami [>o<tsibly foneKiml nttrdction). 

Tlie pathologic fimlnigs of pilonidal sinus ilisease are varialilc. A sinus 
tract js present, usually linctj by stratified squamous epithelium with 
some cornification Hair follicles and coil gland formation are frequcnllv 
apparent Tlie Icnn pilonidal cyst derives from the fact that commonly 
the sinus tract ends in a cystic dilatation occupied by the products of skin 
secretion awl forming a paljiahlc luuuir nuss. Following the introiluctloa 
of an inflammatory process all stages from an acute abscess to chronically 
infected mhijs tracts with multiple ilraming sinuses may be present The 
usual report received from the pathologist of tissue removed at operation 
is “chronic mfhimrnalion, compatible with pilonidal sinus." 

TREATMENT 

The trciilnJenl of pilonidal sinus disease is surgiaal and dtpendson Uie 
vlegTce of inflammation present. In the presence of an acute abscess or in 
the chronically infected sinus tract witli inadequate drainage, preliminary 
treatment consists of adequate surgical drainage. 

Treatment of the chronically infected, aderjuately drained pilonidal 
.sinus consists in the surgical removal or destruction of all involved liisiie, 
with subsequent complete healing of the defect 

Attempts have been made iii lhep.astal various clieinnsurgical meth- 
ods,’ such as repeated injections of ft modified Carnoy's solution into the 
sinus tracts. These methods have not Iwen universally acccjitcd In 
general, there have been only two accepter! methods of surgical trcal- 
meut. (] ) the open method of Irealment which Iws consisted of a radical 
e.vcision of the disease-bearing tissue, allowing the wound to heal b\ 
granuhition, and (2) excision of Uic discase-bc.aring tissue, with primarj 
closure of the wound. 

As an example of the change in attitude of the niembcrs of the Ameri- 
can Proctological Society the following studies h.av’c been reported. 

Kleckncr, in a pre-war renew' of tfie opinions of this groap foun t la 
87 per cent preferred the open method of surgical treatment. Ko'^r sn 
Kerr conducted a post-war survey of 27 proctologists who had " •J' 
military service and found that 77 per cent still favorerf the open 
tion for civilian practice. However, 18 per cent preferred primarj c osu 
w'ith certain stipulations. It was llos<er and Kerr’s opinion, in sp* ^ 
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tJji’s pmlommflDCc of fnvorfor Uieoppii /iperolion, that tIitTf «c*re inatu 
strong arguments for tlio primarj* closure of these mninds. 

Open Operation. — In considering the gn»np of patients treated m the 
past by the open method of openitioii, it umst he ai>/>rc('ia ted t/iat con- 
tinued iinprovcincnt D'ilh tlie o|>cn type of operation was made during 
this period. The carlie.sl patients in our .series were tre/iled hy a railieal 
l>lock excision, removing large segnient.s of the skin aiuJ all underlying 
tissue doxvn to llie [ircsacral fascia. Many of these jiatienls presenttKl 
operative defects which wore not completely lrealc<l ftjr many months 
and large, painful scars persisle<h somolimes permanently 

In 1933, Laliey reported a flap oiKTJilion. 'J'his consistcrl of a radieal 
block cAcision of all diseastvl li.sswc, but mthor than allow this operativ e 
wound directly over the lower <>;icriini ami coccy.v to heal secondarily, 
a flap formed hy means of an clliplical incision made parallel to the origi- 
nal defect was sming into the defect. The blood siijiply of this flap was 
niaintainc<i at cither end. This proee<Iiire had n limited usefulness in a 
small number of jialients and at the present lime lias not been employed 
for several years. Many of these operative wounds Iicciinic .secondarily 
infected, broke down and hcalc<l by secondary Intention, defeating the 
purpose of the flap, itogers later reporle<l an open tyjic of operation 
^liicli sccmctl to us a decided iinprovcincnt on previous technics and, 
with slight modifications, is .still cinploye<l at the clinic. This consi.sted 
of an incisioji of the sinus tracts with lit lie or no skin being removed. 
Accurate dissections of the underlying procc-ss were then made, with tlic 
removal of u ininiimini of .sulKailancotis tissue. IVe Imve usually per- 
/onn«l this procedure with an e/cctrosurgical unit, cauterizing the incise<i 
smus tracts and not attempting to excise all scar tissue. No attempts arc 
made to continue the dissection down to the presacral fascia unless actual 
pathologic change is found at this level. 


The Wounds arc lightly packed with petrolatum gauze and the patients 
ciUier sent directly iionie from the clinic or, if liospilalizcd, discharged 
within one to three d.ays. Dressings arc changed as an out-patient pro- 
wdure on the third or fourth day and the w’ound gcntlj' swabbed with 
arnoy’s solution, a cauterizing agent, and the wound gently curetted 
^'th a small bone curet. This procedure is repeated two or three times 
at three to four day intervals. At the ciul of ten to twelve days the wounds 
are c ean, all diseased tistuc lists been rcinovvd, they arc granulating 
satisf.ictorily, and the patients have returned to their occupations. The 
.uerugo liwiling time for wniinds Ircatwl in this nmtiner is approviinately 
SIX weeks. 


n considering the group wlio liave been Irealcd by some tyjie of open 
operation, the following conclusions may be draw'n: (l) the period of 
ospilalization is minimal. Many of these patients can be treated as out- 
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patients or office patients. In onr series, 54 patients treated by this 
method averaged 5 8 daj-s in the hospital. As preriousiy staled, with 
the more recent types of incisions and emphasis on the removaJ oI a 
minimum amount of tissue this time can be materially reducetl further. 
(2) The time lost from work for these patients was brief. The majority 
have }>een able to return to their usual occupations in a few <Uys to tno 
T\ ceks (3 ) The period of time for the wound to lieal coinjdetely, however, 
was prolonged The average healing time of the 35 patients followcil m 
this group was IG3 daj-s or 3.4 months. In the more recent cases m this 
series the wounds were healeil in approximately six weeks, (4) The cnil 
results from the sbindpoint of recurrence have been excellent. Only 1 of 
the so patients who have been fol/oweil at the present time rerjuired 
further surgery (5) Jlany of these patients have had resultant painful 
scars In reviewing these cases the niajoritj' of [wlients have complained, 
and some quite bitterly, of persistent pain and tenderness in the region 
of the scar, over the coccyx ami lower -sacrum, even after many years 
Rogers has reported a similar experience (6) TJic open method of treat- 
ment can frequently be used in the presence of extensive infection. 

In summary, then, it is our belief that the open method of treatment 
ns lias been performed more recently at the clinic has been satisfactory 
from the standpoint of recurrence, with a minimum of expense to the 
patient us regards hospitalization and time lost from work, but the 
prolonged healing period and resultant p.iinful scars have been objec- 
tionable features 

Closed Method of Treatment . — \ variety of technics has been de- 
scribed for the excision of pilonidalcystsand sinuses followed by primary 
closure and healing of the wounds For the small, simple, uucomplicateil 
pilonidal Mims lying in the midline over the coccyx, simple excision ami 
closure af the nound is prolMW^v the treatment of choice. However, m 
the more extensive processes following the development of multiple 
sinus tracts, extensive abscess formation and previous surgery, cxciaion 
and primary closure may be a complicated lechnicalprocedure. 

Most observers-’’* have pointed out that it is desirable to remove a 
minimum of skm and underlying tissue and yet completely remove a! 
pathologic tissue. It is probably desirable to have a miiumum of ffie 
resultant scar in the midhne where it is siibjecteil to the trauma of 
and also to the latent] pull of the buttocks. It probably also is dcsira 
to restore the iiorni.'il f.it p.ad over the coccyx niwl lower sacrum 

The technic of the operative procedure which has been followeii 
clinic for the majority of the patients wlio have ha<l excision and prinurj 
closure Is described in the aceonipaiij’jng ilhi'-lr.ition*. A 
skin is removed. The initial incision is long and narrow (Fig- » ° | 

The defect, however, is carriwl down to the presacral fascia. e 
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Fig S3C — a, N'arroAV dlipf icai inci'iioM criilerwl »i« iiiKniiie t)> cr rorcyx, larrieil cIdh it 
to presaeral fascia. 

b, For excision of .sinus openings ami Irocls not Inclmletl in tlie initial ellipticnl inrisinn, 
V'shaped wedges may be maiie, excising such aimis tracts, fnllniieil by iiiirnedialc prmiary 
closure of llie defect. 



Fig 337. — Incision of fascial attachments of glutei to the lateral borders of tlie coccyx 
and loner sacrum. These incisions may be extended laterally into the muscle of the glutei 
so that the fascial attachments may be approximated in the midline anterior to the coccyx 
•without tension Placement of w ire retention sutures illustm ted. 

sinuses are excised by V-sliaped incisions (Fig. 330, b) extending outward 
from tbe primary approach, diseased tissue removed, and the sinus 
tracts closed. The fascial attachments of the glutei to the coccyx and 
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lower sacrum arc then incised (Fig. 337), and approvimated in tlte mid- 
liiio over tlie coccyx and lower &.tcrum with a Layer of intemiptod cliromic 
sHlures (Fig. 339). This is the only catgut or suture material of any Ujte 
in thece wniinrls All dead spaces are completely obliteratnl n-ith nim 
retention sutures (Fig. 338) Tlie remaining wound consists of a freely 
movable block of tissue over the coccyx forming an adniuaf c repLiceinrnl 
of rcmovcrl tissue 

It is true th.at the femnmmf* icar b in tbcmidline. ItissnjaH.honever, 
and to date ne have not had any dilhciilty with the breaking do’sn of 
these wounds from the lateral pull of the buttocks. The remaining fat 



pad has eliniiiiated the complaint of painful scars, mentioned hy so 
many of our patients treated with the open method. 

It has seemed to us that tlic treatment of choice for pilonidal cysts and 
sinuses should not iliiTor from the accepted treatment of other processes 
of thi? nature, such as th 3 Togloi«aI cysts and sinuses, e.vcept fur theLict 
that a scar OA'erl^’ing the coccyx is subjected to mucJi more stress am 
strain than one in the neck Jlie tyite of excision and primary- eWsurt 
for pilonidal sinus disease performed by us lias so far been able to wit i 
stand the unusual dettwnds ma<fc on the tissues orerb’iog the coctox 
and lower sacrum. . 

In reviewing our series of cases treated in this manner, the oJ owin 
conclusions may be mentioned; (1) an appreciable period 
tion is required. In our series, the awrage of •id patients was . A • 
(2) The amount of time lost from work averaged sliglitly io«gef 
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when tlic open method was einploywl. 0) Tim wotinrls were uniformly 
healed at the time of tlischargc fr«s»\ the h<»spUal. The long morbidity 
with frequent visits to the physiewn, ami slainefi (Jre>sings were nvoitlcil. 
(4) The incidence of reciirrcnce has been ininiinnl. At the ppcnent time 
31 patients treated in this tiwimcr haec l>cen evamined. Two have re- 
qnlced further surgical inlorvcntiiin but, folh>wing tin-, sccomlary 
procedure, they arc completely hciilwK (5) Painful -scars have been 
avoided. E.vamination of the.se patient.s following con>j>!elc healing 
reveals an appreciable pad of fat, coiuicclivc tissue and skin overlying tlie 



Kg. 3J3.—Closure of woufl't pcrfornird by a laj-cr of fine interrupted chromic sutures 
approximating the fascial borders of the glutei anterior to the coce^'T and lower sacrum 
«ith interrupted silk or fine wire sutures in the skin. The remaining wound is a freely 
movable block of tis<iue with all dead sp-tce eliminated. Xo attempt is made to anchor 
tissue to presacral fascia Careful hemostasis is required A roinimuni of catgut or other 
suture material is placed in the wound. The wound may be lightly dusted with sul/anila- 
amide powder before closure. 

Postoperalively, penicillin is gis’en for fire daj's, and bowel mos'enients are pres’cnled 
for seven to ten days by the use of a nonresidue diet and small amounts of tincture of de- 
odorized opium by tnouth, 

coccyx, which is comfortable and has eUininated the late complaints of 
pain and di.scomforl which follow«l the open method of treatment. (G) 
liic closed ntethod of treatment cannot be einployerl in the pre.scnce of 
an acute or extensive inflammatory process. 

Condusions.—At the present time, therefore, as a result of our experi- 
ence w'ith both types of treatment for pilonidal cysts ami siiuise.s, we 
have adoplerl the following |K»liries; (1) In tlie presence of acute w 
extensive infection, incision and drainage only &houl<l he performed. 
(-) For the small, uncomplicated, asymptomatic pilonidal cyst, simple 
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excision and primary closure is the method of choice. (3) For extensive 
pilonidal cysts and sinu'cs, where previous drainage h-as been reqniretl 
or wlien a minimum of secondarj* infection is present, the majority can 
be satisfactorily treated with excision and primaiy closure of the wound. 
Tills teclinic retiuires meticulous attention to certain tecbiiical details 
and ten to fourteen days of hospitalization. (4) Excision of diseaseil 
tissue followed by secondary granulation of the wound, after the method 
previously described in this article, nwy be necessary for those p.iHenls 
with inarlequately drained sinuses who cannot be hospitalized for more 
than a mininium period of time an<l whose occupation is such that the 
resultant midline scar will not lie a handicap to them. 

It IS our belief tliat, with further experience, by far the majority of 
pilonidal ejats and sinuses can 1»e satisfactorily mamiged with the best 
{K)*«iible end mults by some type of excision and primary closure of the 
wound. 


REFERENCES 

\ R.ieon, It. E.. Anus, rectuni, sigmoid colon. Dugoosis Anil tre.-itmei>t I^iUdclphia, J 
B Lippmrott Compiny, 1W8, 855 pp. 

4 Cattell, K B Techiuc of operalion for piloiiKlaS nuus S Cus XortrAueric^ if' 
imS-Xm (Oct ) 1934 

3 rulter, E C and Zothnger, it • t»eof»clm««ng»t«lroAria Ihr treaJmrnt i»f O*!**'*'! 

fiituloe Am J Surg }9 4lt-4l8 (Mar ) 1333 

4 Kleckner, M S Pilonidal sinus, its surgical maiugroient Tr Am. Procl Soc liT.lCO- 

lTS. 433c 

5 Lihry, P H Purthrr suggestion for operative treatment of pllom'ttl sinus Sufg> 

(..ytwc & Obst Si 341-538 (Mar) 4333 

n Lnrkin, I- C IMomd.il c>sl. andysM of 100 coiv<ecuttve ca^rr, empliaswiiig treatoienl 

bj radic.ilexcwion, ptitaarj' closure and penioibn therapy Surg., GjTiec and Obst 
SA-09l-70i tJune) 19W 

7 Rogers, H andHall.M G riJonnJsisinusjsurriesltrril/arnlflndpalbologicsttucture 

Arcb Surg 33 T43-7«i {Xov ) 19^5 

s Rosser, C ami K«t, J O r.lon»dal<ltsea«e-irrc*nlsl-itusof miiwgctnent J.AM-V 

333 1003-1007 (Apr 5) 1947 



MANAGEMENT OK VAUICOSE VEINS OF THE LOM'ER 
EXTIIEMITV 

C'OJlNKLirS E SKOGWlfK 

Varicosilics of the lesser saphenous .systems are Ircalcd 

according to the .severity and extent of involvetnent hy a comhinatinn 
of ligation.s and injections. If the involvwl veins are inininml a«n! limited 
to the lower leg, injections may sulltce. If the varicosities arc marked 
and extend nl>ovc the knee, high ligation, retrograilc injection ami 
multiple low ligations at the Mte.s of llie incompetent perforating com- 
municating hnuichcs are indicalwl. 

High ligation means excision of a segment and ligation of tlic greater 
saphenous vein at its junction willi the femoral vein and all tribularic.s 
of the saphenous vein at this .site. There are usually four tributaries; the 
superficial circumflex iliac, the superficial epigastric, the superficial ex- 
ternal pudendal and the lateral femoral cutaneous. However, there may 
be many variations and unomahes. There may he one to six tributaries. 
Occasionally, the tributaries of the saphenous vein empty directly into 
the fcmnnil vein. It is important to ligate all of the tributaries in this 
region to insure a good result. 

At this clinic, high ligation is performed most often under spinal 
anesthesia or local regional infiltration with 1 per cent procaine. A 
board is placed across llic lower end of the operating table so that the 
leg and thigh can be ab<liicted and externally rotated. This allows belter 
exposure of the operative area. The .sjiphcnofcinoral junction i.s the 
landmark for making the incision. This .site is rlcterinincd by two means 
and one is checked against the other. The sapheuofemoral junction is 
two fingerbreadths below and latenil to the pubic spine, or two finger- 
breadths below the inguinal ligament luetlial to the palpable femoral 
artery. The femoral artery is a constant landmark throughout the 
procedure. 

An incision i.s made over tlie clectwl site liclow and parallel to the 
inguinal ligament for a distance of 6 cm. (Fig. 340). The superficial 
fascia is frequently seen as a distinct structure. It is divided and if the 
incision has been well chosen, the greater saphenous vein is found in the 
fatty tissue without difficulty. In searching for the saphenous vein care 
should be taken that the dissection doe,s not go too deep, thus e.xposing 
the femoral vein rather than the saphenous vein. The saphenous vein is 
always superficial to the deep fascia and the femoral is deep to the deep 
fascia. Ihe deep fascia is ea.sily recognized by the lack of fat posterior 
to it. Frequently in e.xposing the saphenous vein lymph nodes are en- 
887 
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coxjiiteretl. Care should be taken not to traumatize or inew these notlcs. 
Occasionally, a wound ivill dram hinph for several weeks because the 
Ij'mphatics have been disturbed. 

The saphenous s'ein is completely scfiarated from the surroundinir 
fatty tissue for a distance of 1 to £ cm. and then divided between clamps 
(Fig. 341, a). Division at this stage makes the exposure of the posterior 
tributaries easier By using the clamp on the proxim."!! slump as a Irac- 



Tig 310 — Incision 

tor, the vein is lifted from its bed and the posterior vessels can cUmi^l 
and dmded (Fig. 341, 6). If the dissection is kept close to the advenlilw 
of the vein, a plane is encountered and the fatty tissue can ^ swep 
away by a combination of blunt and slrnrp dissection. The tn 
are carefully clamped, diWded and ligalwl. As the foss.a 
proached, a .small artery is encountereil running along the 
of the superficLal ctlge of tlie fossa oralis posterior to the sap eaous 
This is the supcrficLal external pudendal artery and it is ^ 
mark, indicating the fossa os^ahs and the proximity o c jjjain 
femoral junction. After all the tributaries have been divided me 
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F»g 8-11. — a, Isolation atnl divUioii of vriii. b, Exposure of posterior tnlnilaries (The 
label above should read, 5 (/p Ext Pudendal A) 

saphenous vein is doubly ligated close to the femoral vein and tlie excess 
vein excised. 
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Attention is then turned to the distal segment of the \ein tthich is 
isolated from the surrounding fatty tissue and made ready for the retro- 
grade injection (Fig. 342) It is easier to caiinulate the vein with a 
cannula or blunt needle tjian to inject directly into the vein with a 
sharp neetile. Also, with this method there is no chance of injecting into 
the wall of the vein rather than into the htnicii. A moist sponge is placed 
in the wouml in case there is any spilUgc of sclerosing solution into the 
tissues. If resistance is met when injecting the sclerosing solution, force 
should not be used Resistance mo.ms the evistence of competent veins 
and injection is unnecessary and should be abandoneil. If there is no 



resistance, the fluul shouUl be injcctecl slowly and inunediatel.j' he nia^- 
sagcil down the thigh and leg We have not found it necessary to insli 
the sclerosing solution with a ureteral catheter to the distal segments o 
the vein. The vein is tied distal to the cannula and the excess \em c\ 
ciseil. The .suhcutancous fascia and skin are closcil 

Follow ing high ligation and retrograde injection, tnullipV low ig-i 
are perfonned at tlie sites of any incoinijetent /icrfoniling _ 

These sites are determined anri marked preoperafiveb'. Ihe ow i 
lions are simple divisions and ligations of the grc.ifer or lesser sap wno 
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veins tlirongli .slinrt tmnsverNC incisions. The perforalors may or may 
not l>c found arnl lijratwl. Owisionally, tljcrc iriay Ik* scvcnil jierfoni- 
lors clf)sc lofjelljcT. In siicli cases a Ininsvcrse <ir oljiiftiie incision in 
made anil a .segment of vein is evoiswi. 'I'lie several perforators are tlicn 
tictl a.s they arc foutul catering the segment. 

A small gauze <lrcssing c<iverc<l u'illi cLaslopIast is placed over tlie 
wound. This allows the patient to 1 k‘ up aiul nromul with a comforlahlc 
dressing that remains in jdace. 1-iige hnlgy dressings are uncomfortable, 
nib off, and frccpicntly when tlie patient returns to the oince for removal 
of the suture.s there arc stilcli absce.sscs and low gnide wound infcction.s. 
The lower leg up to the knee is wf:ippe<l in ace bandages which remain 
on until the time of the first dressing. Tlie patient is encouraged to be 
up and walk alxmt on the day of openiliori. 

The patient i.s tii.schargeil the day after the opcnition and Is .seen in 
the office almiil tlie fifth postoperative day. I'hc .sutures arc removed 
and any residual varicosities arc injcclcil. .Vilditioiml visits may be 
necessary to obliterate completely all superficial varicosities. At the 
conclusion of the Ircalment.s the patient is instnicled regarding after- 
care. Con.stricting garters arc to be avoidcij. lie is cnconmged to avoid 
long periods of standing and to elevate his legs wliencvcr possible. If the 
varicosities were coinidicaled with stasis ulcers and skin grafting, he is 
urged to wear fitted clastic .stockings permanently. The patient’s course 
is followed at .six*nionth intervals for jiossiblc nddltional injcclion.s. 

HAZAHOS AND CO.MPLICATIONS 

Although relatis'cly minor opcnilivc procedures, saphenous vein liga- 
tion and retrograde injection are associated with certain liazards and 
complications which should be brought to the attention of all doing this 
procedure. Ilccenlly, Luke and Miller* reported a series of 21 disasters 
following the operation of ligation and retrograde injection of varicose 
veins. Theilisasters included: tear and .subsequent ligation of the femoral 
vein, fatal Iiemorrhage in a patient with a damaged cardiovascular .sys- 
tem from a tom femoral vein, division and injection of the femoral artery 
with subsequent mid thigh amputation, and thrombosis of the deep 
veins with pulmonarj- emlioltzation. These disasters occurred with ex- 
perienced as well as inexperienced surgeons. All too often, however, this 
procedure is left to the most mexperience<l intern or member of the 
surgical house staff to be done in an out-patient department without 
proper operating room facilities and without assistants. Usually, because 
of poor exposure and rough handling of fragile veins, serious venous 

• J. C. and Sliller, G. G.’ DIsa.«trrsfoIlotiing the operation of ligation an<l retro- 
grade injection of varicose veins. Aan.Sprg J27: 430-131 (March) 1D48. 



892 


CORNTUUS E. 6BD0^7CK 


bleeding results Tins may lead to blind clamping and damage of im- 
portant neiglihoriiig slnictiires. 

If tliecc fli'^asters are fo lie presented, the surgcfiii perf<inuing thi-> 
procedure should have ,d! the advantage'* and facilities of a well-rim 
operating room, nith good light and profvr assislanfs Ji is imperalivc 
to know iJic regional •iiufoii>,\ * the siphcnoiis vein and its tnbuUnes 
the rclationdiip of the saphenous vein and the femoral vein and arterv 
and the relationship of the /ossa ovalcs to the deep hscia. A met/cu/ous 
dissection must be earned out 

If severe hemorrhage js encountered it should be controlletl with 
pressure I'he patient sliould lie checked for proper anesthesia and bloorj 
for transfusion should be obtained If local anesthesia is being used 
general anesthesia shouhl be inslilutcil. If the patient's condition is 
satisfactory, the wound can be carefully e>plored through an enlarged 
incision with adequate exposure A bleeding tributary can be isolaleij, 
clampe<l and hgated A tear in a femoral vessel should be repaire<l rather 
than ligated, follonc<i by anticoagulant therapy. 

Deep venous thrombosis and pulmonary embolus are constant threats. 
There is no douid that some of the retrograde injcclwl sclerosing solution 
occasionally finds its way into the deep veins and is responsible for some 
cases of postoperative deep fhronibopWeWtis and pulmonary embohs 
To prevent this complication we use a hroiteii amount of a weaker 
sclerosing agent (5 to 10 cc of \~irisol*) and have the patient ambubtory 
as soon as possible /ollowmg the operation. 

With this plan of management and with these precautions we have 
obtained extremely goo<J results in the treatment of %’aricose \-eins of 
the lower extremity. 

* Varwol (inert »ugar, sodium cWonde benzyl csrbinol), Abbott Lsboratories. 



THE SUKGICAL TUE.\TMENT OF FHACTURES OF THE 
LATERAL TIBUL COXD^XE 

G. E. Hagoakt an'd Iloii'Aito M. CLf:Af.Mo\s 

Fracture of t!jc laleni! comlylc of the lihw can Ikj and often is a cause 
of markctl permanent cJisiihiJity, because in l)ie more severe injuries, 
which so frequently occur, there is comminution of the articular carti- 
lage with dissolution of the spongx* Inmc below, together with tearing, 
crushing or displacement of the lalcnil meniscus. The failure to remove 
the damagetl meniscus and then aceunilely rwlucc the fnictvirc results 
in knock-knee defonnity, liitenil iiisUihilily, and a persistent chronic 
synovitis. 

Fractures of the lateral lihml condyle arc llic Tcs\dt of s\jddcn abduc- 
tion of the tibia on the femur and arc causcf] by; falls from a height; a 
twisting injury, or the most cfunmon agent — a blow on llic lateral side 
of the knee, from the bumper or fcmlcr of uji uulomohilc as reported by 
Colton and Berg and by Cubbins, Conley and Seiffcrl in 102D. These 
authors also emphasize the frequency with wlucli the lateral meniscus is 
injuretl, pointing out lliat it might Ik* jammed flown in between the 
fragments of tlie tibia, thus prcvciilingany possibility of accunilc, closed 
reduction. 

An additional reason for operative ex'iwsure of all severe fractures of 
this tj’pe and many of the ones of questionable .severity is that the 
roentgenograms do not accurately reveal the estent of the injury be- 
cause of the overlying bone sh.adows. For example, in an anteroposterior 
'new, the posterior rim of the lateral condyle casts a shadou’ wJjich may 
obscure the degree of the depression of the central and anterior aspects 
of the lateral plateau, while the Lateral roentgenogram as such is usually 
of little value because of the overlapping shadows from the medial con- 
dyle. Anteroposterior stereoscopic and right and left oblique roenlgcno- 
graphic projections have been found most helpful. 

With a normal level of the condylar plateau of the tibia, the stability 
of the knee joint depends upon the integrity of the strong supporting 
ligaments, particularly the lateral ami ineilial collateral ligaments to- 
gether with the surrounding muscles, wdicreas in the jiresencc of a <!c- 
pressed surface of this condyle these ligaments and the muscles as well 
are at a marked ilisadvanlage. I>isability from this fracture is accen- 
tuated by the fact that the normal inedud inclination of the femur causes 
more stress on the outer than on the inner femoral and tibial condyles. 
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TREATMENT 

The management of fractures of the lateral tibia! condyle can well be 
considered under the classification rq)orted by Barr, together rrith one 
additional group, later emphasized by Cave. 

Type A. in which careful roentgenograms reveal less than J inch dis- 
placement, is best treated by suspension, together with aspiration of the 
joint as seems indicated. Close-fitting plaster cast.s m.ay be used It is 
important to institute early active exercises of the quadriceps muscle 
groups and in two weeks Iwgin active motion of the joint. An intelligent, 
cooperative patient may be allowed up with crutches in six to eight 
weeks hut no real degree ot weight hearine'is permitUiJ for ten to twehc 
weeks. 

Type B, w-herein the roentgenograms cvhibit slight to moderate di-*- 
placement of ^ to ^ inch, is the group in which there is a question as to 
whether the fracture site should be explored or handled on a conseria- 
live basis. In most instances we have favored open exploration because, 
as noted above, the roentgenograms so consistently failed to reveal the 
actual extent of the pathologic process. On the other hand, it is fair to 
point out that some patients who cxhibiletl a fnicture approaching a 
i inch diapUceraetil and for whom wc belicvis! surgery adnsaWe have 
achieved an excellent clmtcal result although the roentgenograms show 
far from an anatonucal reposition of fragments. 

Type C, moderate to marketl dispUcement, in other ’worth, 3 inch or 
more, is the group in which open operation is alw'ays indicated, because 
closet! rctluction and manipulation simply result in impaction of the 
central fragments in a displaced position. 

Type D is tlic group in which there is extensive coinmmuUon of the 
entire upper en<i of the tibia or what has been termed u bursting fr.ic- 
turc In these patients the tibia h so sliattercti that an open procedure is 
ill-atlvised. They are primarily treatctl by skeletal traction through the 
lower end of the tibia, together with gentle manipulation under ancs- 
fhesta aC ihe frmc of the appheation of the traction. Thh fMWgranj abn 
offers the possibility, once healing has occurred and if the phitrau le^e 
is not restored, of l-atcr operating to repiace the condylir surface. 

TECHNIC OF OPERATION 

The fracture site is exposed (Fig. 343) by a lateral mddon ninningin 
front of the fibuU iim] lateral to the jKvtella as dcscri!>e<l by ^ 

and Hand, extending sufficiently above and below the joint line to per 
mil good visiualization of the fragments as well as to allow . 

proxhnal .aspect of the tibia so that a bone graft may be o 
tourniquet is employed. 
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The joint is IhorouRhly wishctl out witii sjiline solution to remove 
blood clots and then the fracture site is inspected after subperiosteal 
dissection of the cxposetl portion of the tibial condyle, leaving the soft 



Fig 343 — The operative procedure. Note wimton cut in tibia that permits the inser- 
tion of a blunt instrument to aid in restoring the Jevel of the cartilaginous surface as well 
as to pack bone fragments against the cartilage supporting the plateau, in each instance 
utilizing the condyle of the femur as the opposing surface. The meniscus lias been lifted 
up out of the ilepressed fracture area aiul, as here UlusUated, has been freed from its 
lateral attachments for removal in loio 

parts attached to the lateral fragments of the tibia. The injured lateral 
meniscus is first removcrl in toio, thus allowing a still better view of the 
fractured articular surface of the tibia; it is then possible, with the use 
of elevators, to reposition the depress^ plateau and this is further ex- 
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pediled by cutting a small window in the pro-simaj anleroJateral asfwci 
of the tibia which will permit a blunt instrument to press against the 
inferior surface of the condyle. In addition, once the fragments are re- 
positioned, cancellous bone removed from the upper end of the tibia is 
packed into this space, utlliting the opposing lateral condyle of the 
femur as a surface against which to press, 

TOien a fragment is split off, either the entire condyle or a considerable 
portion thereof, fixation is maintained by a transfixion bolt passed 
across the upper end of the bone (see Fig. 345). 

Wlien the entire tibial condj le is crushed down (see Fig. 3-18, a) or in 
the cases of old fracture witfi marked depression and instabifity of (Jic 
knee (see Fig 346), cortical bone grafts removed from the upper end 
of the tibia arc employed as supporting stmts after osteolomizing the 
condyle, lifting it up and, with the aid of the strut, restoring a normal 
level of the tibial plateau. 

POSTOPEIIATIVE CARE 

In these severe fractures the patient is first placed in a plaster cast 
unless it IS thought that there is extremely firm fixation of the fragments 
as, for example, when bolts urc employed, in which ci’ent the extremity 
is placed in suspension with light traction to the lower extremity. Plnstcr 
fixation is maintained for a minimum of six weeks but those individuals 
in suspension are started on motion in seventy-two hours. All patients 
are instructed in muscle selling exercises 

None of these patients are allowed any weight bearing for ten week? 
and then only with two crutches an<l wearing a caliper brace Tiie pa- 
tient is instructed simply to place the foot on the floor for balance. It 
IS most important that none of these patients with severe fractures he 
pemuUcd to bear full weight until six months’ time has elapsed. In 
those patients with minimal displacement of fragments and on whom 
operation was not performed, full weight bearing is started in progres- 
sive stages after three months have elapsed. 

In all patients with severe fractures originally iminobilizeiJ in plaster, 
and in occasional cases treated by suspension and traction, we haie 
found that eight to ten weeks following reduction, gentle manipulation 
of the joint under intravenous penlolhal anesthesia, vrith the patient 
prone, has materially hastened the return of nonnal knee flexion. 

ILLUSTRATIVE CASE REPORTS 

Case 1.— -A 37 year old garage jiroprietor was admitted to the hospiUJ on 
October 9, 1915 He stated that twenlj’-four hours previously he had fallen from 
a height of alwiit 5 feet, followed by immediate complete disability 
the left knee 
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Fig S41 (Case 1).— Admission roentgenograiD Nole tJiemarkwl depression of the pla* 
teauof the lateral tibial condole, the fracture line etlending down into theproeimal tihial 
ahaft. At operation this frapnent was completely separatcil from the shaft of the tibia 



Fig.S45 (Case 1). — a and h.Threej'earsaadnine weeks after open reduction Knee joint 
motion u normal and the patient b asymptomatic* Note absence of any reaction about 
the bolt. 
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On c-vaminalion, the knee was loarkcOb’SHoilen, there was pronounced tender- 
ness ahng the joint line and rocnl;;enoeniins (Fig Sit) rtveafed a depressed 
fracture of the lateral condyle of the tihia which had l»ecn displaced downaard 
and outward 

At operaljoi) on Octolier 15, J915, Ihorc was evtensite consminutfon and 
cnishing down of the entire arliadar surface of the lateral tihial condyle. The 
posterior rim of the plateau liad lieen broken up into multiple fragments. Anle- 
norly' the nm was part of a large triangular fragment n hich had been <l{splsce<! 
outward and downward. The centra) portion of the plateau immedialel)' adja- 
cent to the tihial spme had been impacted dlstally. The lateral semilunar carti- 
lage (and this 13 important) was imbedded 10 sc\ era! places In the fissuns and 
fractures of the tihial plateau. 

FoKowmg remoea) of the e.tterna) meniscus the fragments of the articular 
surface of the tihial condyle were replaced in position, then the large lateral 
fragment was aligned and held by a transverse Iwlt. 

The operative wound healed by first inteotion and when last seen on Decem- 
ber ir, 1048, the patient was completely asymptomatic m regard to the knee, 
and had a normal range of motion. The roentgecograins (Tig. SJ5, o and 6) re- 
vealed a normal articular surface and contour of the lateral tibial condyle. 

Case i — Tlits 84 year old housewife was admitted to the clinic on April 9, 
10-19, With a Variety of symptoms and, in relation to the left knee, s sense of 
n eakness and mstahihty of some ses-en months’ duration. She bad been thrown 
from n truck, and thereafter one of the w heels of (he truck passeil over her leg 
(August 'JO, 1014} On clinical examination she exhibited a verj* unstable j(wt 
With marked weakness of the <toadriceps musculature Roentgenograms (Fig- 
Sid) re^ealed a downward displacemenl of the external condjdeof the left trbts 
The patient also was found to have essential Jij^pertension as well as chronic 
cystic mastitis She was, therefore, originally admitted to the hospital for a right 
and then a left splanchnicectomy, followed by excKion of the mastitis During 
this period she w as given intensive muscle exercises and instructed to low weight, 
as she was definite!} obese. 

With return 0 / the blood pressure to a normal level, the patient was read- 
mitted to the hospital Oa Jdouary 6, It?47, the kaee iras operated on and « 
heavy cortical graft of tibial bone was placed underneath the osteotoraized 
lateral condyle which had been Wled inlopoMtion. Right weeks later, manipu a 
tion of the knee was carried out to expedite obtaining increased range of motron. 

ANTien the palicat was last seen January 2", 1918, the roentgenograms ( ^ 
817) anterior, posterior oblique and lateral sdews, revealed maintenaocc of e 
plateau level. TJie joint was absolutely stable, and examination of the nee wa 
negative and the range of motion normal The patient's only complaint was 0 ^ 
fatigue of the extremity when she was tired, but it wax our belief that is 
because she had not properly carried out her muscle training, and she was 
fore instructed to resume it more vigorously. 
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Fig 34C (Case i) — o, 01<1, markeill> ilisplacwl fwclurc of the lateral tibbl eoiidyle 
Original injury, August '20, lOtt, operation January C, ip}7 Tlie opposite knee is slionn 
for comparison (6) 



Fig 347 (Case2). — a, f», and c, Onejearandlhreessecks after open reduction Plateau 
level has been mainlainetl, and bone grafts (see text) are almost indistinguishable. Note 
site of removal of bone grafts from the tibial sliaft. Patient had normal range of motion 
and a stable joint. 
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Case 3 — 20 year old secretary was admitted to the orthopedic service on 
April 10, 1940, following an m;«iy sustained when struck by a motor car thirtv- 
SIX hours previously She arrived at the hospital in a long-leg plaster cast. 

Clinical examination revealed marked abnormal mobility in the knee joint 
and the roentgenograms (Fig. 348, a and b) exhibited, in comparison with the 
opposite or uninjured knee, pronounced compression fracture of the entire lateral 
condyle of the left tibia 

At operation, on April 22 of the same J-ear, numerous fissure fractures were 
seen running throughout the cartilaginous surfa« of the lateral tibial condyle, 
in one of which the semilunar cartilage was partly* buried In addition, this 
cartilage re\ ea/ed a longitudinal ^lit tliroughout its posterior two-thirds 

Following removal of the external meniscus, the cartilaginous surface of the 
lateral tibial condyle was lifted up by an osteotomy of this part of the hone 
carried out parallel to the articular surface, employing the central portion of the 
condyle as a hinge A triangular piece of bone cut from the tibia was inserted 
into this defect and trimmed to fit 

The patient convalesced unevenlfiillj' following this procedure and when last 
seen January 8, 1049, the roentgenograms (Fig. 310, a and b) showed the graft 
incorporated w ithin the tibia and the general level of the plateau was main- 
tained The knee joint was stable and painless The patient’s range of motion 
was from normal active extension toafiexion of 20 degrees beyond a right angle. 
She lacked at least 20 degrees of complete flexion as compared with the opposite 
side, which m our opinion was attributable to the difficulty that was encountered 
througliout our experience with the patient in having her carry out her exercise 
program. 

Case 4 — <V 31 year old housewife with a knorvn history of diabetes mellitus 
was admitted to the orthopedic service on July 23, 1948, with a history of a 
twisting injury of the knee that occurred three weeks before admission and from 
which she was completely disablcsl 

riij'sical examination showcil marked swelling of the joint and the roentgeno- 
grams (Fig 350, a and b) revealed a depressed comminuted fracture of the ex- 
ternal condyle of the tibia together with displacement of the lateral fragments 
of the condyle 

On July 27, 1948, open reduction of the fracture was performed, with remo'sl 
of the obs ioiisly damaged lateral meniscus and elevation of llie marVedb' com- 
minuted fragments of the (ib/al condyle I^topcratiie convalescence was un- 
eventful Originally placed in a Jong-Ieg plaster cast because of the extensne 
comminution of the fragments that was so pronounced it was not jwssible to 
utilize bolt fi.xation, and m which ajiparatus it was necessary to maintain t'c 
extreinitv until then.* was beginning evidence Of healing, the joint was then 
gresstvely mohiligei) IVhen the patient was Ia.st seen February 4, 1949, t e 
roentgenograms (Fig 351, a and fc) diowed healing of the fracture, now oier 
six months since ojieration, with maintenance of the tibial plateau im wa 
no evidence of swelling on examination and tlie patient was free of anj pain or 
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Fig. 349 (Gise Sl.—a and b, Comparative foenfcenogr-uns of the injum! (a) nn<l non- 
injured lateral tibial condole. Note the market! depression of the entire lateral tibbi condyle 
(«) without any clear-cut evidence of a fracture line The joint was eitreinely unstable 
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Fig. Sol (Case 4) — o and b. Comparable roentgenograms lis months after open reduc 
lion. The normal le^-el of the plateau has been maintained There is no p.iin or swelling on 
motion. When last examined su months postoperativeli’ the patient exhibited norms ^ 
tension and lacked 10 degrees of fiesioa as compared with the opposite knee, ut * 
liex ed that in the ytry near future she will establtsb normal range of flexion 
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di<5comfort. Slie exhibited iiorinal extetisinn and flexion within 10 degrees of the 
tango pre^onl in live opjwsilc or \jninj«reil leg. The tpmtlriceps nujscvdatnro was 
still neak but was rapidly regaining tone and strength The prognosis appearc<l 
fa\ orable. 


SUMMARY 

Fractures involving weight-bearing joints slionhl be rotoretl to normal 
anatomical relationship ns ncenmlcly as possible. To meet this criterion 
in fracltires of the lateral lihial condyle with moderate or markctl dis- 
placement of fragments, it is ncccssjiry to expose the fracture .site, with 
the single exception of the so-calle<l Inirsting type of fracture, which is 
treated by .skeletal traction. 

The operative approach is nd<li(ion:i1ly iiidicalcfl because the roent- 
genograms do not accurately reveal the extent of the injury owing to 
overLapping of the bone shadows. 

It is ndmiltcil that some patients xxith moderate displacement of 
fraginent.s who rcfn«c<l surgery have obtaincsl a satisfactory functional 
result, although the rocnlgonognuns contimie to show an appreciable 
depression of the tibial plateau. Xcvcrlbclc.s.s, pre.«cntcd with a fresh 
fracture of this degree or more, we strongly subscribe to the opinion 
that surgieal treatment offers the licsl prognosis. 

The technic of operation logcllicr with management following surgery 
is described. 
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SUIIGEUY OF THE ACUOMIOCIAMCUl^U JOINT 
Jamks W. Toi'mkv 

T]ic tv\o most common <‘orn!itions jifTtflin#; the ncroinioclaviciilar 
joint arc traumatic scparatioti and degencratire (irthrith. Herein presented 
are two simj)le snrpcal procetiurcs which d«»l with these siliiations in 
an cfTeclive manner ^lien .surgiesd treatment is indicjjted. 

ACROMIOCLAVICOLAIt SEPAUATION'S 

llicsc seiKinitions are common in active young adults inasmuch as 
anatomically the joint is not a strong one. I have known separations to 
occur without direct violence to the shoulder, simply due to strong 
muscle ludl. The common cause is forcihic depression of the shoulder, 
as so frequently sccjj <m the fooll>all field. 

There is great variation in the anal<nny of tins simple arllirodial 
joint, as Oppenhenner has tK>intc<l out. The .sliapo of the bony outlines 
varies, ns docs the width of the joliil siwcc. Tlic i>rci.encc of an articular 
disk, complete or incornjilote, is also variable. 

Tills wide variation makes it iiiiportanl to take roentgenograms of 
both shoulders to al<l iu diagnosis. Tliescnre taken in the anterojwsterior 
projection, with the patient in the standing |K>sition with a 5 {>ound 
weight in each hand. The film will then indicate the amount of subluxn- 
tion or dislocation of llic outer cud of the clavicle. 

The coracoclavicular ligament is formcil in two parts, the anterior or 
trapezoid ligament, and the fioslcrior or conoid ligament. It is usually 
believed that complete dislocation pre<licales a tear of the coracoclavicu- 
lar ligaments, but Urist has shown that this is not necessarily the case. 
Therefore, we cannot be sure iu ever}’ case whether rupture of these 
ligaments has taken place. 

In my opinion, these separations should be treatetl surgicidly whenever 
gross anatomical subUixalioii or dislocsition of the outer end of the 
clavicle has occurred, and tliis sepamtion can be easily seen in the 
roentgenogram. 

The mild cases can be treated simply by adhesive strapping, as Tiiorn- 
dike and Quigley have shou’n. 

Surgical Treatment of AcromioclaTicular Separations. — The treat- 
ment We advocate for gross separations is operative fixation with Kirsch- 
ner wires under general anestlic.ria. An incision, 10 cm. in length, is made 
parallel to the clavicle over the acromioclavicular joint, to expose 2 cm. 
of the clavicle, and the joint itself. Tlicn the incision crosses the flat 
acromion to e.vijose its lateral tip, so that two Kirschner uires may be 
905 
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drilled from tlie tip of the acroiniua across the acromiocIavicuLir joint, 
where they can be directly ^sualized, am! thence evteinlmp into the 
marrow cavity of the clavicle for a distance of 5 cm. 35^), Heavy 
Kirsclmer wires, 90/1000 inch in diameter, of .stainless steel should I« 
used to obtain fivalion and to prevent breakage The nircs are placed 
1 cm apart at the acromial tip, and are directed so as to enter the mar- 
row cai'itj' of the clai’icle. When Uie wires have been correctly place*!, 
they are cut off 0.5 cm, lateral to Uieir point of entry into the tip of the 
acromion, and these protruding ends are turned with pliers at a 90 de- 



Fig SSi —Fixation of scroimoctavkailu- jw'nt "silh Kinciintt *\ni. 


gree angle, so that the wires cannot mignilc farther mto the bone. Tlie 
Wound is then closed, the wires being completely buried. A sling is ap- 
plied Figures 353 and 354 show the appearance of an acromioclavicular 
separation before and after fivalion. 

Tlie sling may be left off as soon as the p.itient is comfortable without 
it, usually in five days, and these patients may return to desk work m a 
Week Lifting is prohibited, but movements of the arm arc encouraged 
up to 90 degrees. 

Eight weeks after the wiring operation, the patient returns for remova 
of the wires through a small incision under local anesthesia. 

JIany metal fi.vation technics have been described. Among them are 
the screw fixation of the clavicle to the coracoid of Boworlh, the use o 
one or two Kirschner wires by Gordon ^lurray, the u«c of threaded stce 
wires and a Velpeau by PJiemister. Bloom has reported the 
wire teclmic in a series of 20 patients. Caldwell lias adn»ed surgica 
arthrodesis of the acromiocIaWcular joint with internal fivalion an 
bone chips. 



Fig S54 — Same case as shown In Figure 353 after fixation with two Kirschner 
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Late Casts — Tlie wire fixation already described is verj- satis{actQr\- 
I believe, for early cases. 1/ wiiiog is done Jafcr at a penod of several 
weeks after the primary trauma* I do not know whelber it would be suc- 
cessful. I Would not be inclined to use this procedure in cases over ti\o 
weeks old. 

For the late cases either a major repair with fascia lata or resection of 
the flislocJte<l outer end of tlie clavicle should be <lone. The latter is 
much simpler and preferable This technic is described below under 
arthritis of the acromioclavicular joint. 

Many complicated major rep.iirs of acromioclavicular dislocations 
have been described in the literature beginning with Cadenat who uti- 
lized the posterior part of the coracoacromial ligament Bunnell repaired 
both the coracoacromial ligaments and the acromioclavicular ligaments 
with a single long piece of fascia Jala. Vargas has utilized the short head 
of the biceps. Watkins used brawled silk. Campos modified Cadenat’s 
technic. In my opinion the best and simplest operation of this tj'pe is a 
repair with fascia lata, simply tying the clavicle down to the coracoid 
with a loop of fascia lata whicli passes over Ibe clavicle and under the 
coracoid and which is sutured to itself with multij>!e silk sutures. 

Many forms of apparatus have been described for complete ruptures. 
Urist uses a plaster body jacket extending to the ilium, with pressure 
e.xerteii over Uie outer end of the clavicle with elastic traction. In his 
article he gives a comprehensive review of various forms of treatment. 
Anderson and iJurgcss developed a “suspension-hammock clavicle 
splint " In my opinion, cumbersome external splints are much more un- 
comfortable for the patient than the wiring procedure which affords 
internal fixation without the use of external apparatus. 


ARTHRITIS Op THE ACROMIOCLAVICULAR JOINT 
Degenerative arthritic changes are common in the acromioclavicular 
joint, especially in iicavily muscled laborers, in the middle-aged group. 

The di.ignosis is easy, ns the patient usually has pain and tenfleme«s 
over the joint iUelf, and the superficial subcutaneous situation of the 
joint facilitates examination. At limes the jKiin is referred to the shoulder, 
and then this condition must be distinguished from scfhacromial bursitis, 
which is an even more common condition, freijiienllv found in the 
gnnip of jutwnts . 

The roentgenologic findings of arlliritis of the acroniiodai ienwr join 
are characteristic, namely spur foriiiatioii and increa'tsi deiisit.i "f 
at the joint margins, Ingether with enlai^eineiit of the capsule- 
'fhe iirimarj' treatment is consers'ative, consisting of phys'iot lewp.', 
rest and salicylates. If such a regimen of therapy is unsuccesdu ® 
trial of radiotherapy is indicated, as Oppenheimer has reported. 
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means full or if the comlition returns, then tlie surgical n*seclion of the 
outer 2.5 cm. of llic clavicle is in(}icate<}. 

Partial Kcscctlon of the Clavicle. - This Mmplc proctshire has relieved 
the pain and diiuhility (»f acnmiioclavieular arthritis as well as that of 
old iieglcclcd sulihivallons, as (Jiml and Minnfoni descrihed. 

The ojK’rativc lecimic is us follows; Through a 7 cm. incision ahovc 
and pandlel to llie outer end of the clavicle, tliis hone is e.\i>oscd fnun 
above .subperioslcally, diviricd uitli <Iouble action bone shears at a 



point 2.5 cm. from llie lateral end, and removed by dividing tjie acromio- 
clavicular joint capsule with shar)) dissection (Fig. 355). The wound is 
closed and a sling applied for a few chiys. After this active motion is 
encouraged. 

The folloii-ing ca.se report concerns a painter who had severe pain in 
boUi acromioclavicular joints and who was so satisfied with tlie re.sec- 
tion procedure on one side that he returned to have the other side done. 

A 46 year old painter was admitted to the clinic with the presenting complaint 
o pam in the right shoulder region of thirteen months’ duration aggravated by 
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Fig 357 — S.U1IC c.i?c ds sho»u in Figure 35C nfler resection, 
his work. Rest, osteopathy, physiotherapy and radiotherapy had not 

him The pain was centered in the region of tlie acroraioclaiicular joint w ic 

was definitely tender. Roentgenograms of the right shoulder (Fig 35 ) s ow 
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arlhrillc chaiipcsi al llic acrotiiU»c‘tavicwlar joiitt. He was piveii a wur«o of raiho- 
llierapy without relief. Two months after he entennl the clinic the joint was 
injectwl with 10 cc. of I l>cr mit pnicailM* i*hich had completely rclicieil hi' 
5^*mptoms fora short iktumI, thus provmc the <liapiio<i' Two days later rc'cr- 
tion of the lateral S 5 cm. of the riphl cla\ icie was perforineil Figure .‘Jj“ show s 
the postojiorotive apjiearance of the clavicle 

After an uneventful convalc'cence the patient returneil to hi' work of painting 
one month after his operation and had no furlln^r symptoms in the right shoulder 
However, six months after operation he l»cgan to have similar pam in the loft 
shoulder, which did not yiehl to re^t, salicylates or a course of miliolhcrapy 
Accordingly, two months later he was adniittcsl to the hospital and the outer 
end of the left clavicle was similarly resccfesl weeks later the patient re- 
Itirned to work free from symptom* 

CON'CLUSIOSS 

For acromioclavicular .separation.^ rc^qitirinp opcnition. fivation with 
two heavy Kirschner wires Is rccoinmcndcsl. Thm» accurate rctiuction 
is securcti and held without cuinbcrsonic and uncoinfortahle c.vtcnial 
fi-Kalion npjKimlus, ^Yith wire fixation the patient retains pood u.sc of 
hU arm while the rcjiair of Vipuncnls is lakinp i>iace. 

For tlepeucmtive arllinlis of the acromioclavicnlar joint which <loes 
not resporul to pliy.siothersipy or nuliolhcnipy, we advocate re.scction 
of the outer 9.5 cm. of the clavicle. Prompt relief of jgiin is sjccurctl ^ith 
no interference with function even in the l.il>orer. 

REFERENCES 

I. Anderson, R. and Burgess, E.; .Aeroniiodariculardblocalion; conservali»-e method of 

treatment. Northwest Med. SS 40-41 (Feb ) 1939. 

•. Bloom, P..\ : Wre fisationin acromioclaviculafdislocatioti J. Bone i Joint Surg. ?7.‘ 
273-270 (Apr.) 19J5. 

S Bosworth, B. JJ.: -Icroraiocl.ns'icular separation; new method of repair. Surg., Gynec- 
lObsl. rj SCC-871 (Dec.) lOU. 

1 Bunnell, S.: Fascia! graft for dislocation of acfomiodavicukir joint. Surg , Gynec. S. 
Obst. 46 503-504 (Apr.) 1928 

5. Cadenat, F. M : The treatment of dislocation nml fractures of the outer end of the 
ckivicle. Internal. Clin 1: 145-169 (Series 27) 1917 

0 Caldwell, G. D.; Treatment of complete permanent acromioclavicular dislocation by 
surgical arthrodesis. J. Bone ^ Joint Surg. -J 36S-S74 (.\pr.) 1913. 

7. Campos, O. P.: Acromioclavicular dislocation. .Am. J. Surg. 2S7-29I (Feb) 1939. 

8. Curd, F. B.i The treatment of complete «Iislocatiun of the outer end of the clavicle. 

.\ti hitherto undescnbed operation. Ann. rfurg. 1J3: 1094-1098 (June) 1941. 

9 Mumford, E B : Acroniioclaviculjr dislocation New operative treatment. J. Bone 
& Joint Surg 23 799-802 (Oct.) 1941. 

lO Mumford, E B.: .\cfotniocI.ivicHlar dislocation, operative procedure. Am. .Vead. 
Orthopedic Surg. I.ect., pp 89-91, 1944. ’ 

II. Murray, G.: Fixation of dislocation of acromioclavicular joint and rupture of coraco- 

clavicular ligaments. Caaad M. A. J, JJ.- 279-271 (Sept.) 1910. 

10 



012 


JIUKS \V TOUMKY 


19. Oppenheitner, A : Arthritis of acronuociavkularjmnt J Bone i Joint Surg 25-g67- 
870 (Ocl) 1913 

IS Oppenheimer, A : lesions of acromiudaTiculir joint causing pain and dis.rbjlity of 
shoulder Am J Roentgenol 61 699-700 (June) 1911, 

14 Phemwfer, X> B 7)reJtlweMlofdisk)cal}oai>fiavni/c?eisrtcubrjointbj-opf/irtJuc- 

tion and threaded mre £ution J. Bone & Joint Surg fj ICiG-168 (Jan ) 1919 

15 Thorndike, A , Jr and Qmgley, T B Injuncs to acroraiocbvicular joint, Pka for 

conservative Ireatment Am J Surg SS 930-261 (Peb) 1912. 

16. Urist, AI R . Complete dulocatioiu erf the aeromioclaricular joint; nature of trau- 
matic lesion and effectiw methods of treatment with analyiis of 41 cases J. Bone 
A Joint Surg 55 813-837 (Oct ) 1916 

17 Vargas, T. Repair of complete ecromjoclavmular duloeation, utilizing the short be.iii 

of biceps J Rone & Joint burg Si 77i-n3 (Oct ) 1919 

18 Walkias, J T : Operation for the rebef of acroraioeUviciilar luTations J Bone A 

Joint Sufg 7 700-799 (Ocl ) 1995 



AUTHUOTOiMY OF THE KNEE JOINT 

Fuaxk h Siiirr 

Since llie firat .succe'’sfnl arthrotoniy of the knee joint was reported 
In Anibroise Pare in 1558, iimiiy aii<l \arK*<l incisions )ia\’e been (ie\ ised 
and rt'conmiendcd. Wo have endeavorwl in rt'oent \cars to seU-el from 
llic.se a minimuin nninlier to be iiscil for muline exposures, witli certain 
inodinealinns as deniaiKicd by )}ie tiidix'idiial prohiein at band. Our 
intention in this- paper is to review bricflv the incisutns w» employed. 

It seems almost unnecessary to point out that tjic factors determining 
the selection of an apjiropriale incision arc adcf/iialc cv})o.surc of the 
affected parts and prc,sorvati<m of vital stniclnres. Nevertheless, many 
incisions dc.scribcd in surgical tcxllmoks appear to ilisrcgard llicse 
criteria. 

The commonest pathologic conditions foumi have been internal de- 
rangement, fracture, <lcgcncrallve arthritis, oslcochondrili.s di.ssecan.s, 
popliteal cyst and tuberculosis. Only a few years ago, artlirotomy was 
often necessary for tlio drainage of purulent effusion Since the advent 
of chemothcnipy, joint infections deinamiing open drainage liavc been 
restricted almost entirely to cases of severe compound fracture. For 
such patients, we employ the usual anterior incision.s (Fig. 358). These 
require no furtfier e'cplanation, other than to mention that primary 
closure IS to be desired. Purulent effusions in acute lienmtogenou.s infec- 
tions are usually controlled by repealeil aspiration and the instillation 
of antibiotic media. 

The surgical procedures for which llie.se incisions have been most fre- 
quently Used include: (1) exploration of the joint; (2) remox’al of loose 
bodies; (3) excision of a seinihinar cjirlilage or of articular cartilage, (4) 
synovectomy; (5) popliteal dissection or posterior capsulotomy, and (<>) 
urthrode.sis. 


MEDIAL OR LATERAL APPROACH 

The incision de.scribed in 1931 by Timbrel! Fisher has proved most 
satisfactory for the removal of cither the medial or the lateral raeniscus 
rhrongh the limited anterior portion of llie incision it may he possible 
to perform the entire operation. In more <lifficidt cases and, jiarticuhvriy, 
ui the event of injury to the jxislerior horn, the incision is further de- 
Nelopeil to e.x'pose the entire meniscus. At the clinic, we do not believe, 
as did Fisher, that it .should be used for the removal of loose bodies 
despite tlie fact tliat the anterior limb may be prolongeil sutv^riorly to 
open the suprapatellar pouch. 
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As (Ic-scribcfl by Kslier, the approach is made willi tlie knee flexed to 
90 degrees (Fig 359). The curved skitt mcision begins at a point muhay 
between the patellar ligament and the anterior border of the medial 
collateral ligament, opposite the upper extremity of the former. It ends 
just below the infraglenoid border of the tibial condyle and anterior to 
the collateral ligament. The infrapatellar branch of the saphenous nerve 





Fig. 358 — .^Rtenot incuioiis /or drainage. 

is avoided and preserved. Tlic joint capsule and the synovial iiieinbwne 
are then opened through an incision parallel to and slightly posterior o 
that in the skin. The anteromedial compartment is now re.idib examine • 
If no tear can bo seen in the anterior portion of the inciii'Cus or s lou 
its removal prove difScult, the oi»eniog in the synovial rncm rane is 
closed with a wet sponge. The curving skin incision is continue po 
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riorly and .superiorly over Uie incflial femonil condyle, and the flap of 
ikin and .snI>culaneons ti5?.suc is. refliTletl pro.vimaII\ , 

Al a point just po.slcrior to tlie inodial collnleral ligament, the inter- 
rupted incision in the capsule ts continiie<l upward and backward to 



i**. <4’ , 

* i 

Fig SSO . — ^Itledial approach (Fisher). 

reveal the posterior compartment. In this w’ay an excellent view' of the 
posterior horn of the meniscus is obtained. Complete removal can be 
achieved with a minimum of d.inger to cither the posterior cruciate or 
the medial collateral ligament. 

A similar incision may be employed for the removal of discoid, cystic 
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or other pathologic types of Utenil menHcus. Tlie intimate rcLiUon of 
the popliteus tendon to thr cartilage should he kept in mitui, however 
as weU as the fact that, unhke its felfow, this cartilage i> in direct contact 
with tlie lateral collateral Iij^mcnt Particular care must he taken to 
safeguard these structures during the dissection 

When excision of the meniscus has been compacted, the synovial mein- 
hrane and the joint capsule are closed loosely as one layer with inter- 
rupted sutures of plain catgut, winch allow any postoperath'e effusiou 
to escape and to be more readilv absorbed in the e\tm-articiijar tissues. 
The aponeurotic layer is closed snugls' Interrupted stainless steel ware 
sutures are used in the skin. A large pressure dressing is apphctl with 
at lea^t the final elastic landage running as a stocking from the toes 
to the thigh. Early, active <|uadnoeps exercises also minimize postopera- 
tive effusion, satisfactory function is demanded before the patient h 
iiilowed to bear weight on the affcctcil limb. 

ANTERIOn APPROACH 

For more complete exposure of the knee joint an idea! approach is that 
perfecteil by Coonse and Adanw. It combines the advantages of iiwxi- 
m.il exposure and minimal retraction. Aside from allowing the anterior 
compartment to be opened nidely, it provides an o.vcelioftt approach 
for the treatment of fractures about the knee joint Open reduction and 
mtcriiul fixation of supracondylar or T-fracturcs into the joint may be 
accomplished with little trauma. Furthermore, by opening the sj’noi’ial 
membrane on either side of the femur, tlic bolts or screws may be in- 
serted and subseciuenlly excluded from the joint by closure of the mem- 
br.ifie 

^A’ith the knee extendeil, the lower extremity of the quadriceps belli 
IS identified (Fig. 360) Beginiiing superiorly over the lower inu'cle 
belly, a midhnc incision is made Uiroiigh the skin and subcutancoiis 
tissue, passing either meihally or Laterally to skirt the patella and the 
patellar tendon The overhanging flaps arc dissected free from the 
quadriceps tendon and the patella Bcgmning at its upper extremity, the 
tendon i? split distally in the midlinc to within | inch of the p.itcl|.i. 
The incision there bifurcates to pass on either side of the patella and t w 
patellar tendon. A small blood vessel is usually encountered in the ^ 
pad and requires ligation The "tongue” of the inverted 1 Is turn 
downward to expose the anterior ctanpartment (Fig- 501). Even mi er 
exposure is gained by acute flexion of the kmee. 

To close the wound, the joint is first extended and the patellar flap is 
allowed to fall back into place. Identifying sutures placeil oppos'^ 
upper extremity of the flap facilitate itx accurate reapposUion If 
wishes to lengthen the quadriceps tendon, the knee is only mcoinp i . 
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cxtenclc<! ftiul the vcrticul lioih <>f Iho inc^ion is thus inrrca'-ctl in Icnf^tii 
Heavy silk ''tuy s^lUlrc^ are its*"*! I« upprnviinatc Mic l«o leaves df llie 
<|UJulnccps lon<loti at llieir j»oin! of <Hv<Tpeiu*e, Inlernt])h'<l suhiros of 
chromic cutpil in two layers complete the eloMirc of the leriihm ami its 



expansion. The superficial fascia is closed independently. Stainless steel 
wire is used in the skin. ' 

The usual pressure dressing may be reinforced with a posterior molded 
^liut for greater comfort during the immediate postoperative period, 
following arthrodesis, of course, complete immobilization in a plaster 
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«ha(„,„rosl.„xK 'Mlhtb„l,Tx-^l„X "".f'™ " “>»- 

IX- eaposure, s„ tl,„i ma„„„,lat,„„ 



anestlte«ia ^ usvtallj uulicatei} ten to fourteen days after synovectomy 
or joml re\ jsioii, height bearing nuj then be resinned So sectire tins 
type o closure that the knee may be acutelv flexed witfioul dbmption 
insertion of the subcutaneous l.ner. 

This genera! utility” incision has been employed satisfactorily for 
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many purposes, including removal of loose bodies, excision of scimlunar 
cartilages, re\nsion of llic joint, reduction of fractures, synovectnnn . 
urlUrodcsis and for the lrealn\ent of giaul cell tumor. 



POSTERIOR APPROACH 


In posterior capsulotoiny, the excision of popliteal cysts or the re- 
moval of joint mice from the posterior compartment of the knee, the 
midline approach devised by Ilemy is usetl. With the patient prone, 
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the incision usually extends onc-tbird below' and two-thirds above the 
joint line, and is approxiniatdy 10 to 12 inches in length (Fig. 363). 
The level of the joint may l>e detennined one fiiigerhrcadth above the 
head of the fibula Once the skin and subcutaneous fat have been divided 
from below upward, the lesser saphenous vein seri’es to identify the 
midline, inerlying as it docs the groove between the heads of the gastroc- 
nemius It usually lies superficiaHj-, hut may be found occasionalb 
under the deep fascia Retracting the vein mwlially, the deep fasci.a is 
divided first at the lower extremity of the incision. The medial cutaneous 
nerve to the calf lies in the groove just under the fascia at this level 
The division of the deeji fascia is then carried proximally with care, for 
behintl the knee joint the cutaneous nerve arises from tlie tibial, which 
latter may be damaged by a basly finger or scalpel Once the heads of 
the gastrocnemius have been identified, the i>opliteal neurovascular 
bundle can be found, separating the metfial from the lateral hamstring* 
The tibia! nerve and its muscular branches hide the popliteal vessels 
It ina.\ be possible to displace the bundle tn toto to one or the other side 
If this proves difficult, the iicrs'c and its branches ore retracted lateralb 
ami the vessels medially, for the hitter must enter the adductor canal 
at the upper extremity of the incision 
Tlic popliteal face of the femur comes into view. Tlie joint capsule 
m«i be evpo'erl by flexing the knee without rcniovuig the retractors 
from the wound On dividing tlic capsule and synovial membrane, the 
posterior Compartment is hud open, exiiosing the posterior horns of the 
semilunar cartilages, the origin of the posterior cruchttc ligaments and 
the posterior aspects of the femoral and libial condyles 
Closure i< effected in three layers, using interrupted sutures in the 
capsule, the deep fascia and the skin With the knee extended, the fl^ips 
fall together casdi-, but closure of the fascia is best achieved by first 
inserting all its .sutures and then lying them one by one. A pressure 
dressing js applicti No special after-care is necessary. 

This approach may be morJificil when a poplitml cyst is to lie e\ci«ed, 
for the dome of the cyst may present itself immediateb’ the deep 
is divided. The cyst may then be exiioscd by blunt dissection. It ni 
usually be fomul to arise from one of three site.s : (1 ) the region of one 
of the lenrlons of the gasltxKaieniius, either medially or lateral^ > t ' 
occasionally from a bursa Iwtwcen the medial head and the tcnion o 
the seniuuemhranr)su.s, or (3) from the posterior aspect of the join 
itself. It dioiih! I>e remein!>ercd that such cysts arc prone to extern muc i 
farther dislally than one wouhl suspect on physical e-xamiuatinn. n 
event, every effort i.s made to lijratc Uic ptsliele and to excise t e 
completely. 
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approaches lo llie ktice joint <lc<orihc<I alK»ve liave been founfl on 
clinical trial lo nflforci inaxinm) viMhilit} by tlirt'ct acce>N tu llie joint 
Vital slructiires in the p!ane.s of tlisscclion have been exposed deliber- 
ately and thus better pr<itecte<l. With mtnor niodificatioii-s. these inci- 
sions liavc been cmplnycii for all of the riiutmc procetiures nc“ccssit.itm^; 
artlirotomy of the knee joint. 
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Tl>c cojnbinjiUon of flaccnlily of skclclal niiisculiitiirc and coiilraclioii 
of the intestine makes spinal anesthesia very ticsirahic ff)r alidoininal 
surgery. Tliis is the paramount reason for using this t\pe of anestlie-ia 
It is, tlierefore, tlie clioice when surgery is to he pcrff>rmcd in tlie abilo- 
men. The Jise of aiiy otlicr tyjw of anesthesia must be for a special rea- 
son, usually because of a jiarticular contniiiuilcalinn to spinal anesthesia 
With tcchniGil improvements and a heller ninlersUmdmg of the physio- 
logic phenomena which accoinpaiiy spinal anesthesia, together \\ith 
more aderpiate means of nullifying or circumventing some of tlie unde- 
sirable side effects of this method of anesthesia, the number of contra- 
indiaitions is rapidly shrinking. 

Spinal or subarachnoid ane.slhc.sia is the anc.stlicsia produced by the 
injection of a relatively small amount of an anesthetic agent into the 
suliarachnoid space. This agent act.s dirwlly on the nerve root.s before 
they emerge from the dura. Tlic extent of the body ^hiclj is rendered 
anesthetic is dependent upon the distribution of the anesthetic agent 
in the subarachnoid space. 

Although spinal anesthesia has been employed for surgery in all parts 
of the body, it is usually considered unsafe for oi>erations above the level 
of the diaphragm. In recent years there has been a concerted effort on 
the part of anesthesiologists to devise technics whicli limit spinal anes- 
thesia more accurately to the area of the body in which the operation 
is to take place. In other words, instead of giving a single, relatively 
large dose of the spinal anesthetic agent to all jiatients and anesthetizing 
a large area of the body regardless of how limited the actual surgical 
procedure, the tendency is to try as far as possible to anesthetize only 
the area to be operated on. Aside from the quite obvious fact that this 
decreases the amount of anesthetic agent required and hence lessens 
the danger of toxic side effects, it seems reasonable to assume that there 
will be less effect on the autonomic nervous system and hence less 
circulatory and re.spiratory depression. Furthermore, there is evidence 
that postoperative neurologic complications may bear a direct relation- 
ship to the concentration of the anesthetic drug in the subarachnoid 
space, and that we may expect a lower incidence of these complications 
when lower concentrations of the anesthetic drug are used. 

Types. — For practical purpose.s, spinal anesthesia may be classified 
as (1) “low spinal” wlien the .spiiml anesthesia does not extend above 
the umbilicu.s (tenth thoracic .segment); (S) “medium spinal” when the 
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Pcrliap^ jt fx'ltrr of ttir iiMixi-tnuit of tl-r 

agent in llio <«{)iri.Tl r;in.'il r.iii In* liad if «|- u*M<iilrr llio arlinl 
it niii't Inivfl front n ;ri\rn of iiijf rlion }<> iJjo larr --v 

of anothc'i.i. A-'timin;: llio of iriprhoo tt. I.r IIm* tlunJ f --* 
intor-pace, in or/irr f/> oJitain 'lUrhur init<th*<in h> rfic nipj.V h-r .r- 
riofly in lljcavera^r'.n/lijlt male, tlir h |»r< s« ti! in Dm 

5pp.ee apprr)Tim.ifi*I\- rm. from ilir ..if/' t.f f 7 

\i* sup.^rf.oul anterior •.en-ory level. If flir opj^-r honlcr of mir-Du'- 


.al.e.* Ij,/. Uf 


travcjc/i i.> cin. ir-r; Dm of /.oD D.e mtrrr hulk 

of the ane>lhrtic aernt 

Ihcsia, .nth the >.1.,,^ I,,..,. „< l^n., „l^,vo r(„. 

upper level of the antenor , 

It is, of eour-e, .,uite„v„,, 

enougit to involve Die uio\/.ir j’ »v . ^ , ,• , ' ' 

scpiicnt of the coni there «n; 1 , , , ^ "' 

costal muscles, am\ heuee, j " '' ' •_'" 

motor ancslhcsi.1 at the foarth ' '' 

from the , site of injcctlooan.li.,^,,. •' • 

result in complete respir.vlot>',„.v','’;^" r- r . - 

cephalail (first thoracic sepnoai s,, , “ ■' r.---s. 

is then onlv 7 cm. from that level ' •• v , , v , . 

ton- arrest (Fifs. 303 and Sot). - .. 

representation of the <listnbul>ot, _ 

subarachnoid space with corrcspomi;;,, '' 

ancsthe,sla. Figure 3M is a du.Bram,o.ati,:,,.,_^ 

of the anesthetic agent for upper al.loo^r.,, ' " r ,. ., . 

v,hich would result in rcspinitorj- .I 

The signs and .symptoms of respitatoir .It,...,,- 
spinal anesthesia, as well as the troatoirait 

discussed later. ^ «r * 1 . . ' -‘.U 

Factors InQuencing Height ol the Xnesthe,?. 
factors that influence the Wphala.l „...n 

anesthesia. The more important oUhese are 

anesthetic solution; (2) position of the patient 
following injeclion of the 

volume ol anesthetic solution injected, (o) t, 

spinal fluid pressure ; (T) amojt o spma f , ... ^ 

peralurc of the solution ' , "!rw-_ . 

luev eiw;„r.f poliimn. 11 is obvious that .ill of 


the spinal column. It is obvious I 



m 4NESTMETfC SOtUTWN IN SUBAftflCHNDID SPACl 

Q sifpennciAi . anesthetic uvel antebiorut 
Fig 3(!3 — o, j\neilfietic level neceswry for complete olidoroinal evploralioo anJ upper 
abtloininal surgerj . f ^mnW* 

6 , Aneatlietic level necessary for !o*cr abdominal surgery .Not a equs 
nbdommft! evpioration r ,1.- i^upraclremides 

c, Aiiesllielic level necessary forperinealopewlionvand surgery o 

A technic hat Iwcn devciojMal which, so far as possilile, 
tlic i.itio of the Wfieht of the spinal aiiMlhflic solution o . 

spinal fluid. This makes .1 possible for most of the f.iclors laflnennnS 
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the Iiciplit of spinal ant*slfu-siu lo I)l* kepi n‘l.iti\oI.\ cotishjnt am! to 
nlilize llic forct* of j'ravily tf> fIrttTiiiinc the* ilislnlmtion of llif ancstlictic 
ajicnt in llic Mibaniclinoirl .sjkjch*. 'riiis is arooinplislic'd li\ adjiisfing llic 
p*)sUi»m of ihc palii’til jlurinp tlu* early |«Tio<l followiti^ the itijcchtiii of 
the agent into the Miharaelmoiii sjKice, It is to the rlisetissnni «»f such .1 
Icchtiie that this pajier uill Ik* largeh wmfinetl 
Sj)inal anesthetic .solutions are c‘oiisi»Icre<l as; (1) lf\j)ol)anc tf they 
arc lighter than .sjnnal fluid; (2) isoharie if their 'peeifir gra\il\ is 



Fig. 304 — Diagranimalic section of spina] con] Note proxiaiily of foiirlli thoracic seg 
Dient (level necessary for satisfactory upper alKlominal surgery) to origin of phrenic nerve- 

approximately the same as tlml of spinal fluid, and (3) hyperbaric if 
their specific gravity is greater than that of spinal fluid. 

It is important that the anesthe.siologist know in advance the rela- 
tionship of the specific gravity of the anesthetic solution lo that of the 
Spinal fluid. It is obvious that when the solution is heavier than spinal 
fluid it will tend lo flow downward and, therefore, if the patient is in the 
head (lon-n or Trendelenburg position during the early period following 
the injection of the agent, it will flow cephalad. Conversely, with the 
patient in the head up or Fowler position, it will have a tendency to 
flow caudad. If the solution is lighter than .spinal fluid, the reverse 
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Will be true, that is, the anesthetic solution will tend to travel in an 
iipivar<l direction. lienee, if it is desirable to confine the anesthesia (o 
the lower part of the body, the {latleat should be in the head down posi- 
tion duruiR the early period following the injection if a liypobaric solu- 
tion is used When the solution is iwibane, that is, approaching the spe- 
cific gravity of spinal Quid, it tentls to spread in both the cephalad and 
caudud directions at about an equal rate regardless of the position in 
which the patient is tilled. It is mucli more difficult to control the height 
of spinal anesthesia with an isoliaric solution than it is with either 
hypohanc or hyperbaric solutions. As a rule, anesthesia tends to develop 
much more slowly with isoliaric Uian with either hyperbaric or hypo- 
banc solutions Since there is con.siderable variation in the specific gravity 
of spinal fluid (1 001 to 1.009) a solution whose specific gravity is within 
tins range may bear a different relationship to the spinal fluid from that 
anticipated For this reason it is sometimes difficult to predict the height 
of spinal anesthesia with isolwiric solutions. In our e>pericnce it is some- 
what eaMcr to control the height of spinal anesthesia with hyperbaric 
solutions Ui.m it is •with bypobanc solutions 
The rate of injection is an important factor in determining the level 
of spinal anes-lhcsia In general, a rapid injection results in a higher level 
of spina! anesthesia If the injection is nuwlc slowly with an isobaric 
solution, reganlless of the position of the patient, the greatest concen- 
tration of the agent will be at the site of injection. With a h.vperbaric or 
.V h>}>o(wnc solution this is true only when the patient is level. TIic 
btatcmcnl tlnit a slow injection wnll result in maximal concentration at 
the lower les'cU or near the site of injection requires some qualification. 
With a li.\i>erhanc solution, when there is considerable difference be- 
tween the specific gravities of the spinal fluid and the solution injected, 
as with spinal anesthetic agents to which a considerable amount of 
dextrose has been a<!<led, a slow inseclhn frith the patient in the head 
down position may produce anesthesia much higher than a rapid injec- 
tion. This is line to the fact that the heavier, somewhat syrupy solution 
trickles out of tJic eml of Uie needle nod nins down in the subarachnoid 
space as a mass without much mixing with the spinal fluid. 

The volume of spinal anesthetic solution injected is also important in 
determining the level of anesthesia Tlic greater the volume of 
with a given amount of <lrug, the higher the level of anesthesia. ^ 
ously, with a large volume of low concentration, the anesthesia ma> 
quite high but not so intense, and the duration considerabl) , 

Barbotage is a factor which plays a considerable part in the eig o 
spinal anesthesia- Barbotage may be defined as the mixing ® ® 

Ihetic solution with the spinal fluid as it is injected. Part of t e agen 
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injc’clcd, fol!(iwT<l hy witlidrunal of sniiio >{)hiJil fluid, and flic prcccs' 
rc‘iK‘alt*<l scviTal liiriC'- 

If a l<ir^'o aniDiint of .spittal fluid K niilotrau n prtor l(» (In- tion nf 
tlif aiu'sllndic af'cid, ihe Irvtd of anoNllifsia udl l)r in.i> lie 

duo lo a Io^^c^iIlJ: of tlie .spin.d fluid pressure as «ell as (o IIm“ dininuslinij: 
of llic volume of fluid info wliich the a{;eut is ttijeelt^il 

Temperature plays a part in tlie liei^lit <if siuual aiicstliesja If <i s<ilu- 
lion is warmer than sjutial fluiil when it is injeele*!, it lends to spread 
more rajiidly and thus produce Iiijrher levels of anesthesia earlier than 
with a colder .solution. 

^riie .site of injection is a factor in <leterminm^: the heij.'ht of s{)mal 
ane.sthcsi<i. If the injection is made m the himher area, however, the 
interspace employed is of minor inifHirlaiitv 'I’he truth of this .statement 
becomes evident wlicn we rmuisidcr the distances that the aKcnl must 
travel in the Mdiaraclinoid .sikicc, iwirlicularly for aiiesthe.sia for upper 
nhdominal .surgery. Often, loo much cinpliasis is jilaccd on the site of 
injection to the neglect of other more ini|>ortant factors. 

Anesthetic Solution,— 'I’liis «)tsciissioii will he liiniliHl to the technic 
coniinonly enijiloyed at the I-ahcy Clinic f<»r.spmal anestlie.«m Kir many 
years tetracaine (ponlocaine) has liccii the agent of choice for siiinal 
uncstlicsia. Ponlocaine i.s apjiroxiinatcly ten times the .strength of pro- 
caine gram for grain, and in comparable anesthetic doses, that is, with 
n do.se of pontocaine weighing one-tenth that of jirocaine, ane.sthc.sia 
^ill last approximately twice as long. Pontocaine is marketed in cry.s- 
talHne form (niphauohl) or as a 1 ikt coni solution in normal saline, in 
ampules coiilaiiiiiig 20 mg. of llic drug. 'I'he specific gravity of a 1 per 
cent solution of ixmtocainc in normal .saline is approvimatcly 1.0069. 
lliis is very close lo the avenigc f«ir .spinal fluid which ranges from 1.001 
to 1,009. Pontocaine in the 1 per cent .solution or as nijihanoid dissolved 
m saline solution or spinal fluid, for all praettad ptirpose.s, may be con- 
sidered isobaric and movement will, of course, he ccpial in both directions 
from the site of injection irrespective of the position in which the patient 
IS lying. Obviously, the greatest coiiceulnilion will be at the site of in- 
jection. If, liowever, the solution is mollified by the addition of an 
innocuous substance with a fairly liigh specific gravity as compared with 
that of spinal fluifl, an anesthetic .solution is obtained that is lieavy 
enough to allow the agent to be carricil cophalad by gravity more or 
less as a mass. Ten per cent de.\lrose with a specific gravity of 1.039 is 
a satisfactory substance for this purpose. 

The determination of dosage for spinal anesthesia in adults is showm 
in Table 1. 

Technic. — Wien anesthe.sja is desired to tlie fourth thor.icic .segment, 
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the technic h as folioRs: The patient is turnwl lo the lalcm] «lec«hiliis 
poMtion .uxl the head is elevated by means of im ailjiistahle har (saml- 
bags may be use<l for this pnqwse, also). This is to prevent the agent 
from i>rogressmg cephiilatl into the upper thoracic and cervical portions 
of the subarachtiohl space. Tins Iwr also catches the lower shoulder of 
tlie patient, preventing him from sliding when the head of the table i> 
lowered The previously estimated dose of pontocaine is drawn into a 
5 cc. syringe to which is added 10 per cent dextrose m a volume equiva- 
lent to one and one-half times that of the 1 pet cent pontocaine. This 
solution is then thoroughly mixed. After the spinal puncture, the patient 
IS placed m 10 degree Trendelenburg position, witli the heail elevatetl, 
and the 5 cc syringe containing the anesthetic mixture is conneclctl to 
the needle. The plunger is wiUulrawn slightly to make certain that the 
point of the needle is in the dnr.d sac. The injection is made at the rate 


TABLE I 
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of ulmiit 0 25 cc per second, after which the patient is turned supine and 
the level of anesthesia immediately checked. Koticc of the time is made 
when the injection is slarteil, since under no eircuntsUmces should the 
patient be left in the Trendelenburg position longer than one minute 
from the start of tjie injection without the height of anesthesia being 
checked. After the lapse of one minute after bcgiuning the injection the 
Lible should be leveled -Vt this lime the upper border of anesthesia m 
usually be to the sixth or seventh thoracic segment an<l ail! proee^ up 
lo the fourth or fifth segment in another one or two minutes. S lou 
this not be the case, the table may again be changed to a 10 
Trendelenburg position until the desirol height is obtained. During a 
of these procedures care .should be taken lo see that the head is 
elevaleil so that a marked upwanl slant of the cervical and upper ^ 
portion of the spinal cord is maintamed. Careful attention mu«t pni 
to the cephalad progress of the aneslhesLi; an undesirable heig 
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occjiMonally l)c oblaincd in less llian one ininiile Should this liappcn, 
the table is innnodiatcly tilled to a 5 degree J'owler i)()silioii to j)re\cnt 
furtlicr cephalad flow of llie aneslhclic inivlure. While tins will not 
iimncdiatcly lower tlie height of a^e.sthc^ia, »t ^\i^ lessen its inl«“nsit\ 
and shorten its duration at the upper Iwrder. 'J'he res])irations and blood 
pressure should be carefully walchetl <hiring this early j)erio<l in order 
that the anesthesiologist may be forcwarnc<l of any untoward reaction. 



tig I’odtion for spiii.il aneslliesi.i eiiiploj'iiig Jijperlinric solution (poiilocaine- 

aextrose) 

0| Po«ition for spinal puncture. 

6, Position for injection of anesthetic sohitioii 
c, Position for obtaining height of anesthesia 

_ For operations for which sleep Trendelenburg position is desired 
’ tl'o technic is modified as follows: after one minute in 
egree Trendelenburg position, the table is turned to 5 degree Fowler 
position for at least two minutes. Following this maneuver the patient 
inaj immediately be placed in the Trendelenburg position . Careful watch 

*''‘"ntained for any degree of intercostal jiaralvsis (Figs. 305, 
SCO and 3G7). • . \ . 

to^lj lumbar operations such as nephrectomy or ncphrosloiiiy, the side 
e operated on is placed down when the injection is made, on the 



IV 3(>7 — Vosifion of p «licnl on inallreH* for pennejf operation imilMWitincmu’ ‘pmi 

aiwslhesi.i Note needle in place smj Itmerpart of loittress ren)£>v€d 
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tlicory that llic srcaler ancsthc-iia will lie on llic dcpeiulctil •side since 
the anestlielic solution is heavier than .spinal fluid. 

For inguinal operations such n.s hcrniorrhajiliy, the injection may be 
made with the patient level or in only slight Trendelenburg position for 
one minute. 

A satisfactory technic for oper.itious <m the lower evlreuulies, peri- 
neum, rectum, prostate or bladder is as follow.s The spinal jmneture is 
made in tlic fourth liunhar inlcrsjiace The .solution consists of 1 cc 
(10 mg.) of 1 per cent ponlocaiiie and I cc. of 10 per cent dextrose to 
which is added 1 cc. of sjiiiial fluid withdrawn after the syringe has been 
connected to the needle in llie subaraclinoUl space. 'Fhe injection is made 
at about 0 5 cc. jicr .second with the table level and the jiaticnt’s liead 
elevated. Following the injection, the patient is jilaccd on his hack for 
two or three minutes and anesthesia tcstiHl With this teclitiic anesthesia 
is usually confined to below the twelfth thoracic segment, which i.s satis- 
factory for operations on tlie anus, rectum or lower urinary tract. The 
patient may safely be turned on his alxlomen or placed in the litliotomy 
position immediately after the proper height of anesthesia has developed. 

Nnrious changes in the.se details may lie made il desired, ^^^lcn using 
a hyperbaric solution for spinal aiiestliesla, however, care must alway.s 
he taken to see tliat the head is kept well elevated and tlic patient is not 
left too long in a ilownward slant. 

The dose of an ane.sthctic agent in any given ca.se is a matter of judg- 
ment. Table 1 for dosiige of jioiitocaine, expressed in milligrams for 
adults, has proved valuable. Tlicse doses are meant a.s suggestions and 
should be considered starting jioint.s for the uncsthesiologist’s judgment. 

CONTINUOUS SPINAL ANESTHESIA 
The introduction of the continuous technic for spinal anesthesia by 
ximmon has greatly widened the field of usefulness of this method of 
anesthesia. Not only has this technic eliminated one of the greatest 
0 jections to .spinal anesthesia, namely that the operation frequently 
on asted the anesthesia necessitating the n.se of supplementary agents 
and methods which were often much less .satisfactory, but it has enabled 
ns to tailor the anesthetic do.se to the surgical requirements more accu- 
^ e J . In fact, this technic has been almost as useful in permitting us 
use \ery small doses of anesthetics for short procedure.s as it has in 
‘ >ng us to use laiger doses over a longer period of lime for the more 

extensive procedures. 

^ n addiiiyn to the materials required for ordinary spinal anesthesia, 

anestlie.sia requires special needles made of malleable 
Fu th considerable bending without danger of breaking, 

ermore, a rubber coveretl mattress, 5 inches thick, 18 inches wide 
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and 0 feet long, with a cut out part? inches in length nhicli comes under 
the lumbar area s%hen the patient is supine, is desirable. The mattress is 
divided in half so that the portion which supports the losvcr cxtreinilies 
may be detached for perineal operations. In addition, it is necessary to 
have approximately 30 inches of fine caliber rubber tubing with Lucr- 
liok connection at each end for attaching the spinal needle and tlic 
syringe containing the spinal anesthetic solution (Figs. 368 and 30!)). 





Fig Sfi.S — J’ontian (or umJucIioh ot continuons spimi {I.^niTnon) 

а, Patient in left lateral decubilus position, spinal needle pi <ec ami »J ’■'"C'* lul'injt 
connected 

б, Position of p.itient for injection of bjpolwrie solution (pontocame-ile’ilrose mi’itiire) 

for continuous spinal anesthesia . 

e, Position of patient for oht.iming height of spinal anesthesia hy continuous inrl cs . 


Technic. — While there arc many rariations of Ihe original conlimioiis 
spinal technic as described by ]>ciniimn, ibis disciis-sinn will be confinci 
(o only one fechnic, eniployrngiwnbicdiieand de.xfrosc It is ihc tec inic 
that has been employed at this clinic for several ye.irs ^ _ 

Spinal puncture with the malleable nettllcs usctl for conlimiotis spina 
’anesthesia is greatly fncdilalcil bj the use of a sjtccial inlnx nee 
(iMoore). This type of infroducer is so designetl that it can >e rcnio\ 
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after the needle is in place \%itlmiil the needle. 'J'lie re.«en-oir 

of .spinal snieslhelic .solnlinii fnr cdiiUiuious <-pnial anesthesia is preparetl 
as follows: 3 ce. of 1 jier cent jxmlocJiiiie, 0 ee. of 10 per cent de\trc)se 
and 1 ee of normal silinc are »ln»\vu into a 10 ce mine ami ihoronnhl\ 
mi\etl. This niakes a total vohnne of 10 ce. and is a 0 Jl per cent solnh<in 
of poJitocainc. h^ieh cubic cenlimclcr of the nnktnrc conlams il mn ‘if 


ponlocaine. The tulnnn is filltHl with the inivtnre before il is attached 
to the .spinal needle. 'Hie initial dose, 0 to 15 inn 1“ ^ ), i" injeetod 

slowly (0.^5 cc. jier second) into tlic thin! hnnbar inlcrspaee while the 
patient is still lyiiif* on his .side. Prior lo starling the injection the table 
is turned to the bead down jiOsUion. 10 denrecs from tbe bonrontal, 
w-ith the patient’s head clcvaleil to rni'^e the cervical and uiipcr thoracic 
spine. Immetliatcly follow inn the injection tlie patient is turnc^i! on Ids 
back and the liciglit of ane.sll»esja should lie tested almost constantly 
until the desired level is obtaine<l. 'Hie level of anesthesia us\iully will 
be to the nijiple line (fourth tboraoic segincnl) in one to two minutes 
The patient slxouUl not he left in the head tbwu position longer than one 
ininutc unless tests sliow the anesthetic level lo be lower than the Nijihoid 
proces.s (si\th thoracic segment). An uccunitc determination of tlie height 
of anesthesia should he obtained rcpeateilly as long as tlic patient is in 
the Iiead down position and for scvcfal minutes tlicreafter (Pig SC8). 

^^hen poutocainc is the ano.slhctic drug used it is rarely necessary lo 
51‘lminl.ster secondary doses of the anesthetic mi\lurc more frequently 
than every one and one-halt hours. 

The technic for subsequent doses of pontocainc-<le.\trose for sjiinal 
finesthesia by the continuous method is as follow s ; at the end of one hour 


Ihe stopcock on the Lucr-Lok connection to the syringe is opened and 
the spinal fluid is withdrawn in an amount sufficient to equal one-half 
that remaining in the syringe ami tubing after tbe initial injection. The 
anesthetic nvixture wiW now contain 2 mp. of ponlocaine per cubic centi- 
nieter instead of the original 3 mg. At the end of one and one-half hours 
or when there is evidence that the imlial dose is wearing off, a subsequent 
ose is administered by tlic following technics. If the jiatient is level the 
second dose should be approximately one-half the original dose. It is 
gi'cn in the following nuiiiner: 0.5 cc. of spinal fluid is withdrawn into 
e tube and 1 cc. of the ini.xlure is injecleil. This process is repeated 
'^nti the desired dose has been administered. If tbe patient is in Tren- 
0 onburg position, the second dose should not exceed one-fourth to 
one-third the original dose and .should be administered slowdy wdthoul 
bnrbotage. 


notable modification of Xicnunon's technic for continuous spinal 
^est lesia is that made by Tuoh 3 ', Bj’ this technic a number 3) ureteral 
leter is inserted into the subarachnoid space through a 16 gauge 
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Huber ncccllc, which is withdrawn, leaving the catheter in place. The 
catheter can be directed either ccphalad or caiidad by the position of 
the opening in the end of the Ilidier needle This technic has the advaii- 
Uige of obviating the need for a special mattress mnl is particularly useful 
in operations for which the patient is not on his back. 

Saklad has further modified tlie technic for continuous, spinal anes- 
thesia. lie passes the number Sj ureteral catheter cephalad into the sub- 
arachnoid sjiacc until the tip lies oppoisitc or near the nerve roots supply- 
ing the urea where the maximum intensity of the ane-sthesia is desired. 
For upper abdominal surgery this would mom that the catheter should 
be adv’anced cephalad m the subarachnoid space for 20 to 25 cm. When 
low concentration of the anesthetic solution (0.05 to 0 1 per cent ponto- 
caiiie or 0 5 to 1.0 per cent procaine) is used it is possible to obtain spinal 
uneslhesia with a surprisingly small total dose of the ilrug. Satisfactory 
anesthesia for upper abdominal snidery has been obtained by tins method 
with as little as 2 to 5 mg of pontocaine. With this technic anesthesia 
Is usuallj segmental in distribution and may be confined almost entirely 
to the abdomen with little if any anesthesia in the lower extremities. 


THE MANAGEMENT OF THE PATIENT UNDER SPINAL ANESTHESIA 

Tlie management and supervision of the patient under spinal anes- 
thesia IS extremely important. No spinal anesthesia is finished upon 
completion of the spinal puncture and injection of the anesthetic agent 
The patient should be under the constant care and obsen'ation of a 
physician acquainted witli all the possible complications of spinal anes- 
thesia and he should have adequate facilities to control or correct any 


untoward comlition which may arise 

Many of the difficulties encountered during the course of spinal anes- 
thesia are associated with improper distribution of the spinal anesthetic 
agent in the subarachnoid space. The anesthetic agent may not reach 
a level sufficiently high to prwlucc adequate anesthesia for muscular 
relaxation and to eliminate all painful stimuli. Souietlmes pain from the 
operative site may be referred to an area not under the control of the 
spinal anesthetic agent and thus be a source of physical distress to t e 
patient. AMien siicli a situation arises, a supplementary form of anes 
thesia must be used. Pcntothal sodium intravenously or cjclopropane 


gas is usually quite satisfactory' as a supplementaty agent. 

With a single dose of spinal anesthetic agent, too often the operation 
outlasts the anesthesia. This condition, of course, necessitates t e use 
of supplementary general anesthesia. Tlie transition is more ^ 
accomplished if the suiiplemenlary agent is started before t ^ ^ 

begins to leel pain or there is any loss of muscular relaxation. ® 
signs, other than the elapse of time, that the anesthesia maj )e 
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lo wear off are incrca<5c<l re.slIe>siicHs, ri'-e in hlfxxl prr‘-*<iire. or 

llic patient may complain of a va;jHF fcelifjp of jlisccmiforl, uilliont ati\ 
actual pain, at tlie '>ite of l)ie opentlion 

The intrjjveiious a^lmijii'-tnilitni of ctmire lia-* proved to lie of ^reat 
\ahic as an adjuvant to inat!H|italc ^piIIal jmestliesia ulien nm''Cnlar 
rcla\ath)n is tlcsircxl. 'riiis <lrUK, «f cimrsc, is not an anesthetic and is 
used in combination witli other Mippleiiieiitary ajjents. such as cyclo- 
proixane or jicntollial sodiimi. 

Respiratory Impairment. — Serious impairment of resjiiralion ma\ be 
a complicjilion of spinal anesthesia. This is particularlv true if tins form 
of anesthesia is cmployc<l for upper alMlominal surgery It is of utmost 
unportance tlial resj)initory imiKlirmeiil should lie rcco«:m7e<l nnme<h- 
ately. If tlie motor divisions of the llioracie nerves are anesthetized as 



Fig 369 — I’ofition of clicst ami niHloineii iimler spina) nnosthe*!.! 
tJ, Normal position at end of erpiralion 
b, Position at end of norm.il mspitAlioii. 

<■, 1 o«itir>n at end of inspiration, with complele mlercostnl par.>ly<i< 

high as the fourth thoracic segment (the height necessary for satisfactory 
upper abdominal surgery), the intercostal muscles below this level will 
. '^^ctive, and the elevation of the ribs and exiKinsion of the chest on 
inspiration will be brought about by the pull of the four upper intercostal 
muscles. If the agent continues to progress ceplialatl, the remaining 
intercostal muscles become inactive and the chest no longer expands 
''ilh inspiration. If the patient is asked to take a deep breath .at this 
time, only diaphragmatic breathing can be observed. The chest will 
remain entircK- motionless or the intercostal spaces may even retract on 
inspiration. Ihis is one of the earlie.st and most important warning signs 
at the anesthesia is going too high. At this time the patient may also 
^mp ain of numbness or tingling in the hands. This is, of course, due 
^ of the roots of the brachial plexus. If the agent continues 

un 1 it reaches the level of the fourth cervical nerve root, the dia- 
P Ligm becomes paralyzed and complete respiratory arrest follows. 



938 


URBAN- JI. EVERSOLE 


Usually, before respiration bccoiDes completely arrested the conscious 
patient will attempt to increase tbe size of the chest cavity by using the 
accessory nnischs of respiration This can be detected by observing tlie 
patient’s ncch for increased activity of the sternomasloid and platjsnw 
muscles Tlie patient may also lose his voice and become quite appre- 
hensive (Fig 3C9) 

If unrelieved, this condition will lead to anoxia, circulatory collapse 
and death The treatment is obvious. It consists of the administration 
of ovygen with some mechaniciil assistance to inspiration if there is inade- 
quate respiratory exchange Tliis assistance is absolutely essential if 
tliere is complete respiratory* arrest It can best be accomplished bv 
administering oxygen from a gas machine and exerting rhjthmic pres- 
sure on the rubber breathing bag coincidental with each attempt at 
inspiration on the part of the patient. If there is no attempt at inspira- 
tion. the lungs should be in6.ited by pressure on the breathing bag at a 
rale of about sixteen times a minute Obviously, the establishment of a 
free and unobstructed airway is imperative. Respiratory stimulants are 
not indicated and pressor drugs should be used at this stage only if 
indicated because of secondary circufatory depression If iimncdiateand 
adequate treatment is instituted, this condition need cause no great 
alarm and usually secondary circulatory depression does not occur. A 
period Ilf respiratory depression rarely lasts longer than twenty or thirty 
minutes On the other hand, without tmmccliate and adequate treatment, 
this complication will result in a fatality. 

Circulatory Depressions. — Rather profound circulatory depression 
may accompany spinal anesthesia. Circulatory depression is much more 
common with high spinal anesthesia than nlicn the anestheda is con- 
fined to the lower part of the abdomen. This depression may be further 
enhanced bj surgical manipulation in the abdomen. Circulalorj* depres- 
sion will surely follow unrelieved respiratory depression Tlie routine 
use of .1 pressor drug (50 to 75 mg. of ophedrine or 20 mg of desoxy- 
cpliedrine) intramuscuLirly a few mioutes before the induction of spina 
anesthesia is a valuable safe^ard against circulatory depression. 

Jlany pressor ilrugs have been employed successfully to coinb.il b oo 
pressure fails ishich occur in spite i»f prophyiaefic i’otra«msc»l.'irat3mim> 
Iralion of ejihedrine or desoxyephedrine. Epinephrine is an effectisc 
blood-pressure raising drug Tliis drug, how-ex-cr, is rather transient m 
effect and may seriously disturb cardiac rhythm. Furlhennom, t ere 
may be a compensatorj- fall in blood pressure following the Iransien rise. 
Ephedrine given intramuscularfj'is usually effective but it is quite s o 
in action and it is for this reason that if this agent is used a one ® 
a serious fall in blood pressure, 0.25 to 0.5 cc. should be ' 
venou&ty. An extract of the posterior pituit.srj' gl.snd (pi . 
effective in raising blood pressure and is usually quite pronip m 
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Tlie fad that this druR may conslricl the coronary arlerios and (In 
danger of a decrease itj blood Mipply to the heart nnisl be }«)rm' in mind 
The danger may, pcrjiaps, be minimized if the pitre^siti is condniii'd \m|'i 
ephedrine. A combination of .*» units of pitrc«>j|n (0 W ec ^ ami me 
of ephedrine (0.5 cc.) intramuscularly has firnved satisfaelnr\ fm- tlii 
trcalmont of blood pressure falls due to spinal nncslhcsj.i The rcsjuniM 
is usually prompt and well .snslaiiietl. One-fourth to one-lhird i.f lli'- 
dose may he given inlraveiiniisly in the presence of a severe fall in blrjo.i 
pressure. The Iicart rale and rliyllnu uMially are rhanperl vei\ htth- d 



NotrlilmKl pressure ciifT 

sutinU drip with needle ill sanlicnons vein Siipnorlivc liiiid and 

intravenous agents ivailaWe. 


die bl* 1 ™*iibinalion, Ncosynepliriu is an effective drug for raising 
®ction°i single doses, liowevcr, it is rpiile transient in it.s 

the n ^‘^ually docs not disturb cardiac rhythm although it may slow 
neosv^ ^pnsiderably. A continuous drip of a very dilute solution of 
rifectiv*^^^ ^ ^ •" 500 <if norniul saline solution is 

thesia TP of maintaining blood jiressuie under spinal ancs- 

^‘inistraf^^ jnethod allows for verj* fine control and permits rajiid ad- 
he Jjorne'^” event of an acute fall in blood jires.su re. It must ahvay.s 

^’ihstitut using pressor drugs that they must never lic.^ 

hloofl lr» ^ blood in the presence of shock rcsuUing fr 

^ ‘OSS or trauma. 
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Nausea, retching and vomiting arc frequent, annoying eompHcatiuns 
of spinal anesthesia. If these complications oremore than a moinonlarv 
disturbance, the patient should be made unconscious h\ the use 
of a supplementary agent such as cyclopropane or penlothal sodium 
This enables the surgeon to continue the operative procedure without in- 
terruption and relieves the patient of an uncomfortable and disturbing 
experience The danger of vomitus being aspirated into the trachea 
should always be kept in mind when a general anesthetic agent is ad- 
ministered for the relief of nausea and vomiting 
There is no reason why any patient who objects to being awake during 
an operation cannot have the comfort of being asleep and at the same 
time have the advantages of spinal anesthesia Frequently, an addi- 
tional dose of morphine intravenously and the intravenous administra- 
tion of 1 to 3 grams of nembutal aficr the patient is in the operating room 
will allay apprehension and nervousness. 

If an intravenous needle is placed in the great saphenous vein near 
the medial malleolus and a slow drip of fluid maintained throughout nn 
operative procedure, a route is immediately available for the administra- 
tion of supplementary anesthetic agents or for the administration of 
supportive drugs and fluid. The use of the saphenous vein has the advan- 
tage of removing the intravenous apparatus to a point where it will not 
mter/ere with nny type of surgery except Uiat on the low’cr extremities 
If the intravenous drip is not started until after the spinal anesthetic 
IS given, the patient will have no discomfort from the insertion of Hie 
needle, and the dilatation of the veins which follows spinal anesthesia 
facilitates its insertion (Fig 370). 
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The maintenance of u free airway sIiotiM alway. be tlic fir>t roiiMilcra- 
lion in Uiendininislration of a general ancstlielic. 'J'he danjrer of r(iniiil< tr 
respiratory obstruction luis for apes been rwopiu/ed li\ la.Miien and 
physicians alike.* Hut llie cumulative effects of partial resi)ir{ilor\ ob- 
struction have often been ovcrlooke<! ami it is not nn)ikel\ dial inan\ 
surpical cliiTicullic.s, postoperative complications anti even fjitalilics 
attributed to the ojieration or llic nncslbelic agent have been prniiaril\ 
due to the ancslhctist’.s failure to provide an iinnbslruetet! airway. Ilc- 
cause the cndolracbcal inctliod of inducing niiestbesia provides an 
assured airway at all times niitl, in adtlition. makes it jitissiblc to adminis- 
ter an anesthetic witlioiil a face mask, its pojnilanly and use have 
steadily increased, Endolracbeal anesthesia is jinlicaled for head and 
neck ojieralions, o.sjiecially tbo«c of (lie mouth and nose; for certain 
thoracic and ahdorninal operation*, and for operations in nliicli respira- 
tory difficulties exist or may be ciicoimleretl. 

In tills paper a tlclnilotl description of the mclbods by which endo- 
tracheal intubation can lie accomplished will be given and along witb 
this, a discussion of the equipment ami aiicslbetic agents used will be 

includwl. 


Tlie essential equipment for cmlolraclieal anesthesia consists of a 
^^^ngoscope and any one of several types of endotracheal tubes. 

^ ccessoiy equipment, not absolutely essential but often quite helpful, 

IS as follows ; a small lead plate to protect the patient’s teeth, atomizers, 

® and curved types, inflatable cuffs, a long rigid .suction tube, 
Orel ral catheters sizes 14 and 16 French for the aspiration of mucus and 
from the endotracheal ttil>e, metal adapters to couple the endo- 
c eal tube to the ane.sthetic machine and a nonirritating lubricant 
point below the body temperature (Figs, .'JTl and 372). 
niwll nearly as e.sscntial a.s the above-mentioned equip- 

of \ forceps, flexible metal counector.s, .several lype.s 

3dapt*^^'^ bihes and various .sizes and ‘shapes of nielal emlotrarlieal 

in^^ *J5oscopes, now in common use, fail into one of two groups accord-**" 
S to their shape, the U and the L type (Fig. 373). The blade of ' 
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L type kryngoscope forms an angle of 90 rlegrces or less mil, tl,e handle 
The blade of the tj type laryngoscope is joined by one part of llie handle 
to form a right angle and the TJ sliapo is completed by the second part 
of the handle joining the first at a right angle. The shape of the U Ivne 


Jig. 371 — Equipment comnsonljr usert Jor endotracheal intubation a, Rubtier endo- 
tracheal tube (^lagill) w ith cuff 6, Flesihle roetat endotracheal tube (Woodbridgel with 
cuff, e. Metal suction tip d. Ilemostal used to clamp tube niter cuff ha? fieen inflated f, 
“U” shaped laryngoscope (rversoJe) /, Jscad plate to protect teeth 3 , Cnivers.iI melal 
adapter h, SjTinge for inflating cuff »,l.ulinoahl 

laryngoscope is .sncli tliat effeclive lifting tnolions reqivircd for cvposurc 
o! tile laryiiK ran belter ]>e applied to the blade Wicn tills liflinp 
motion is attempted with the 1j sliapcit iiistnnncnt there is a strong 
tendency to use leverage and damage tlic leelh by ti'ing them as !t fu!- 
cnim. 

The Evcrsole laryngoscope shown in Ftg 373 combines most of llic 
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advantapes of ihc larynp()'C<ij)c jKijnilarlyod by .Tack'-on/ which arc a 
narrow hlado, U sliapc, and a rfiiiovublc slide which uiU uccludc the 
channel so as to prevent llie ItniKite or a siiiple tooth from htilmnp mt'. 
the lumen of the instnnnent and t)!>''lriielinp the \ieu In adilitimt lii« 
Evcr‘‘ole larynpoxropc haj. a hattery aiul a Mt itch in the handle 'o lii.il .1 
■'Cjianite hallcry Ik»\ and liphl e<jn! an* not iimleil. ’I*hl^ pne^ a cuini'.M t 
inslnimcnl winch is reaily to he iiMtl at any lime l-ir\npe:d e\|)n»iii< 
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Fig 372 — Kquipinent occaiioiially used for rml'drnrlicftl niicttlif'na «, MngiU eii'lo- 
tracheal forceps, b, Fletible metal ccmn« tnij; piece r, Ayre’s tviU' •/, Mngill mctnl rlhow 
e, Angular finger Valve for suction or insiilll.'itioii./, Vnrielj of inrtnl eiiilnlrnehenl ndnplers. 

has been accomplished on children as well as atiults witit this instrnment 
*^ 0 ( 1 , in our hands at least, these expiisiires arc afcoinjilishcd more readily 
find with less trauma than when some of the sjmeinlly jnmlifieil larynpo- 
'^copes which are said to have special fcnlnres of tlesipn are used. 

ENDOTRACHEAL TUm:S 

Figure 37-1 shows a variety of endolmchenl Inhes note in general use: 
( ) '^oodbridge (spiral mcUil wire with metal liji and hill covered with 
enrose rubber tubing); (2) spiral metal wire emhedtied in rubber; 
(3) silk-woven ; (4) plastic (portex); (fi) rubber (Maplll), and (/>, «) 
ber (Magill) ^-jth built-in cuff. ^ 
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Woodbridge Tube. — ^The spiral wire endotracheal tube designed 
by Flagg’ and modified by Woodbridge* is i^idely accepted. It consists 
of u metal hilt and a small metal tip nitli coileil isire connecting the tube. 
These tubes are held straight and rigid by means of a hollow stilet whicli 
facilitates their handling during intubation. They are strong and flexible 
without a tendency to obstruct by kinking or compression Cec.iuse of 



rig 373— Laryngoscopes in commoo use o.ETCrso5e“U’’ shaped 
with small, medium {6i) and large (W blades c.FoIdinglaryngoscopewithMi eri ^ 

attached, Ci, Macintosh blade which also may be attached to a small ban e t o 
Gsmpany.) 


the strong material used in their €»nstruction, the walls can e t iin .. 
that the internal diameter or breathing space is greatest in propor ion 
to their external diameter. Penrose tubing is used to coter I , 

wire tubes to prevent the mucous membrane from being caug 
coils, and also to make them air-tight. The metal ^It provides a pla« 
for the attachment of an adapter in order to connect the pa len 
anesthetic supply. It also proWdes a place for the attachment of a m 
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bcr &jK>o\ whicli filh l)cl\vccn the palicnlV teeth anti protects them frt)in 
injury wliei\ clo.scil on the inctaK These tMl>o^ arc nmnnfaclurcti in t^o 
lengths. The short tube can l>c used beneath the anesthetic mask or 
with an adapter and an inflatable cuff to provide a closed system. The 



Fig. 374 — Endotracheal tul>es now in common uw. a, Magill — rubier with built-in cufl. 
f*! Magill — rubber nilb inflatable e, Portex — plastic with inflatable cufl. rf, Woven silk 

nilh inflatable cufl. e. Spiral wire embe<lded in niblter^ith inflatable cuff./, Woodbridge 
(spiral wire with metal tip and hill covered with Penrose tubing and inflatable cuff 
attached). 


long tube is designed for use with an inflatable cuff and an adapter when 
it Is desirable to remove as imicli as possible of the anesthetic ecjuipmenl 
from the immediate region of the ])aUent’.s mouth. 

Plastic {Portex)*. — Plastic (portex) tubes have found a large field of 
usefulness (Fig. 375). They are relatively inexpensive, durable and are 

* Manufactured by Portland Plastica, Ltd , Dover, Kent, England. 
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manufactured in practically every size one could possibly need. Tliev 
have a relatively large bore but their walls are very resistant to kinking, 
and this makes them particularly valuable in the small sizes for petliatric 
anesthesia. They may be used repeatedly, with inflatable cuffs attache<l, 
to provide an air-tight system as they almost never develop a leak in 
their walls Once the tube is introduced into tbe trachea and it reaches 
body temperature it becomes more flexible and molds itself to fit the 
natural configuration of the airway, ^^^len they are used, care must 
always be exercised, as it must with all endotracheal tubes that do not 
have metal hills, to prevent their becoming obstructed by the closure 
of the patient^s teeth 


Pig 375 — Pofles (pUstic) eDdotracheal tubes; note fifteen different sises 


Rubber.— Rubber tubes used for endotracheal anesthesia are generally 
associated ^"ith the name of Magill* who popularized their use in Eng- 
land These tubes are now made of a special mineralized rubber designed 
to remain resilient in spite of their thin walls They are curved to con- 
form to the nasal fossa, but they are equally suitable for nasal or oral 
intubation. They may be obtainerl with either thick or thin walls Tlie 
thick-Walled tubes are used for oral intubation and the thin-walled 
variety has been designeil for nasotracheal intubation. These tubes 
should not exceed in length twice the distance from the lobe of the ear 
to tbe ala of the nose in order to prevent their being introduced into t ie 
right main .stem bronchus They are easy to clean, can be stcrilizei >} 
boiling and are quite durable. One end is beveled so that the iwmt is 
to the right when viewed from its conca\*e aspect. tMien these fti » are 
fitted with an inflatable cuff of the Guedel-^Vaters’ type and pas?« 
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Uiroupli Ibc no^o, a clo'^ctl sy.slcin can l»e provided f<ir surgery in the 
ijjoiilh. More reccnlly, ii 5j>cciaUy tu\)C willi a hni\t-iii 

infliUaide enff has \)cen inannfacliircsl, ns shown in iMRiirc S74, for tins 
parlicnhir p\irpose. Once these tntios arc in place and the end inflate<l, 
the aspiration of htond and mucus is prevented. One tlisailvantagc to 
the use of these tubes is that they may Income ohstructed either by 
kinking when the head is rotntcil or fle\e«l to an c\aggcrate<l degree, or 
hy closure of the iiationl’s teeth U|>on them wlien they arc used by the 
orotracheal method. The aspiration of luiicus, blood or debris from the 
tracheobroncliial tree is not as readily earned out through them as 
through the spiral wire lubes, and a nasjd hcmorrliage is not uncom- 
monly associated with their passsige through the nose. 

Woven Silk. — Woven silk cndotracheai tidies, formerly manufactured 
m France and now uhnosL iniiKissihle to obtain in America, are somewhat 
stiff-walled hut flexible, with a smoolli outer and a rough inner surface. 
These lubes cannot he stcrilir.c<l hy iKtiling because of the slicllac used 
in their construction, hut must be soaked in an antiseptic solution. They 
may be fitted with an inflatable cuff and used for oral or nasal intubation. 

Spiral Wire. — ^Tube.s formed of .spiral ware embedded in rubber possess 
many of the good qualities of the onlinary spiral Avire tube covered with 
Fenrose tubing. However, they also Jack a metal bill, as do the plastic, 
rubber and woven silk catheters, for the allachinenl of an adapter or a 
rubber spool so as to connect them to the anesthetic supply and to pre- 
vent the patient from luting tlicm. 

anesthesia 

Endotracheal intuhation may be reailily accomplishcil under topical 
anesthesia and this method of intubation is indicated for patients suffer- 
ing from suppurative pulmonary disease. If a general anesthetic is used 
for intubation, the induction period is often associated with an accumula- 
tion of fluid in the air passages large enough to dangerously hamper 
respiratory exchange, AYhen the intubation has been done under topical 
anesthesia, before induction of a general ttneslhesia is started, this fluid 
can be removed as it accumulates by aspirating through the tube. Pa- 
tients with partial respiratory obstruction from inlrathoracic goiter, 
cancer of the thyroid, unilateral or bilateral paraly.sis of the recurrent 
laryngeal nerve and those with cardiac disease who show markedly 
reduced vital capacities constitute another group for whom endotracheal 
intubation under topical anesthesia is indicatefi as none of them can well 
withstand even the slight respiratory obstruction so often associated with 
the induction of general anesthesia. 

Adequate preliminary medication and gaining of the patient's con- 
fidence are prerequisite.s to successful intubation under topical anesthesia. 
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After anesthetizing the vestibule of the nose by spraying it with 10 per 
cent cocaine or 1 per cent ))ontocaine hydrochloride, a curved Ilon- 
bolham atomizer (Fig. 376) may be passetl through the nasal cavity so 
as to anesthetize the nasopharynx (Figs 377 and 378). With theatomizer 
in place, the epiglottis and larynx are anesthetized by coordinating the 




Fig S76— Atomizers a, Straight nonboUum b. Curved Rowbotbara c, Straight 
DeVilbiss. 


spraying with the patient’s inspirations. Any atomizer may he , ml 
the Rowbothara is especially designed for this purpose. Blind naso- 
tracheal intubation may be carried out as described later, or the 
may be exposed with the hiryngoscope, its anesthetization ® 

with a long, straight Rowbothara* or DeVilbisst atomizer (Fig. 


• Manufactured by Frank Rogers, 1 Beaumont Street, Loudon. England. 
t Manufactured by the De^’BbiM Company, Toledo, Ohio . um r 
Atomizer. 


TECHMC OF ENDOTRACIIFXKL AXf>>TJ[Ef5lA 


9-19 


and the intubation performed under direct vision. The topical applica- 
tion of cocaine to the superior larj-iigeal ncrve.s at the piriform sinus 



Fig ST7.— PoVilion of opocator ^vhea cun-ed Ilovibothanj atomizer is U5cd to anesthetize 
the nasopharj'n.x. 



Fig 378 — Ixjcation of the lip of the curved Itonbolbam atomizer in the nasopharynx as 
shonn by lateral roentgenogram of shutl. 

with the curved throat forceps is an additional aid in producing good 
anesthesia. If bronchoscopy is to be done before the intubation, 5 cc. 
of a 2 per cent cocaine solution dripped into the larynx from above or 
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30 mg. of pontocalnc hydrocbloride in 9 oc. of physiologic saline solution 
injected into the trachea through the cricothyroid membrane provides 
adequate anesthesia of the tracheobronchial tree for this procedure.* 

\^^len general anesthesia is desired for endotracheal intubation, it mav 
be produce<l by ethylene, cyclopropane or ether, singly or in combination 
with averlin, nitrous ovide or intravenous sodium pentothal. The routine 
use of 10 per cent cocaine topically to the larynx and trachea is helpful 
regardless of which one of the general anesthetic agents is to be employe*! 
This added topical anesthesia decreases much of the coughing or apne-a 
seen after stimulation of the larynx or trachea Skillful induction is more 
important than the agent use<l or the actual intubation itself. Intubation 
is greatly facilitated if the depth of anesthesia is such that pharyngeal 
and laryngeal reflexes are abolishe<l an<l the cords abducted, ^^^3cn these 
conditions exist, intubation may be carrie*! out before sensation reaches 
the larynx and the muscles lose their relaxation This does not mean that 
deep anesthesia is required but U does presuppose that relaxation of 
the jaw will be oblaine<l and that the entire act of intubation will be ex- 
ecuted with deft, premeditated accuracy 

INTUBATION 

Nasotracheal Method.— Endotracheal intubation may bo performed 
either through the nose or through the mouth. The nasal route ii indi- 
cated for certain oral operations, Kccausc the mouth is left free, and for 
certain plastic procedures about the face, especially the loMcr lip. This 
method is valuable for patients with ankylosed jaws when orotracfieal 
intubation is impossible 

The blind method of nasotracheal intubation is frequently .successful 
without recourse to the laryngoscope, and is worth while attempting if 
the proper conditions exist The nose should be examined beforehand m 
attempt to determine wliich nostril offers less obstruction to (he passage 
of the tube The endotracheal lube should never be forced through the 
nares when resistance is met as this almost inevitably results in nawl 
hemorrhage which complicates the entire procedure. The head shou d 
have the same relation to the neck and trunk in the recumtient as in t c 
erect position, and a pillow is generally required below the occiput 
3lIagiU described the ideal jwsilion of the bead as the one a man uncon 
sciously and instinctively lakes in Ibc norimal erect position ^ hen c 
wishes to “sniff the air ’’ This throws the cervical vertebrae in norma 
relationship with the dorsal vertebrae, head slightly extende* ^ 
atlas, with the mandible approximately at a right angle to t le .a > ^ 
and the air passages from nose to glottis as free as po«sib c. . ter p^^ 
liminary cocainization of the selected nostril, nasopharjnx an< 



TKCllNIC or r.Xl>OTH\ClIKAI. ANKSTIir.SIV 


O.")! 


llic Uibc is ofloii lolcraled willionl coii^luiig, even under lifilil anesllic.sin 
Tlie cocatnir-ilion nut only aiiesllicli7es the umcous membrane but, 
tlirouf'lj its sbrinkiti}' efTeel on nasil lisstu*s, increase-' the spare avadalile 
for the passajte of llie lube am) <)e<Te5ises the possdnlity of epistaxis 

AUlioupli bliml inlubali<m can be performej) umler tojjical or an\ 
jdane of peneral aiicslliesia, there is a decided clilferenrc of opinion as. 
lo llie influence of the jilane of aiicslliesiu on the ease of intubation 
Mngill believes Ibal it is easiest before the onset of relaxation as the neck 
muscles draw the epiglottis forward, out of the line of the glottic opening. 
Some ancsthcli.sts believe that relaxation facilitates nasal intubation. 
Lundy^ has fouml that nasjd intiibaliou can often be accomplished if 
it is synchronised M'ilh the first respiratory movements after respiratory 
obstruction has been produced by depressing the dim. During this period 
of respiratory obstruction the carlion <ho\idc content of the blond is 
elevated and the pharyngeal muscles are tensed to carry out the much 
needed inspiratory jihasc of respiration When the chin is* elevated and 
the ohstruction rclicvc<l, the tulie is gui<)e<! into tlic trachea by llic action 
of the pharyngeal muscles during inspiration. 

With the head in the dcscrilied imsilion, the jiroper sized endotracheal 
tube is lubricated and passe<l through the vestibule of the nose so that it 
passes along the floor of the nostril close lo tlie septum. While the tube 
is held in tlie right hand, the left hand is placed so that the fifth finger 
touches the larynx, the fourth finger liolds up the chin, the tliird finger 
pushes the lips together, the index finger compres.scs the open no.stril and 
the thumb rest.s on the tip of llic mastoid jiroccss With the left hand so 
placed, the head is firmly hchl and Uic respirations must of necessity be 
carried on through the intubed nostril. 

As the cndolracbeai luiie is progressively introduced into the nose, 
if the anesthetist listens near the open end, the respiratory sounds be- 
come louder and louder as the glottic opening is approached. Much of 
the success of blind nasotraclical inlub.ition depends on the use of these 
respiratory sounds in guiding the lul>e into the larynx, and normal 
respiratory exchange is necessary. If the tube fails to enter the trachea. 
It Usually enters the esophagus or goes laterally into the piriform sinus; 
m either case the respiratory sounds disappear and no air passes through 
the tube. Withdrawal of the lube until respiratory sounds arc again 
heard, then rotation from side to side, as indicated, lo return the lip 
of the tube to the midline may be tried. Occasionally, gentle manipula- 
tion of the larynx with the little finger of the left hand may be required 
m addition. Use of the opposite nostril occasionally brings succe.ss as, 
at times, does elevation of the head on the trunk. 

If the above-mentioned maneuvers fail after several attempts to place 
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the enclolrdclieal tube in tlie trachea, the larj'nx .‘•hoiiW exposed with 
the laryngoscope, the tube grasi>«l with suiUible forceps and directed 
into the glottic opening 

Frequently, wlicn the nasotracheal method is to be employed, iiilulm- 
tion is earned out after the larjnx has Ik-ch e\j»osed with the laryngo- 
scope and the larj nx cocainize*!, no attempt being made to introduce the 
tube Ijhndly 

Oral Endotracheal Method.— Tlicre arc three variations of the oral 
endotracheal methorl of intubation The first in which the endotracheal 
tube IS inserted straight through the lar^-ngoscope after the larynx has 
been exposed is callc*! the direct method anil will be described in de- 
tail later. 

Indirect Method.— The second m which the endotracheal tube is in- 
scrteil outside or around the laryngoscope without the larynx licing 
under direct vision is called the indirect method. Occasionally this 
method is valuable when full view of the larynx is obstructed by an inlra- 
onil tumor or by an extra-oral inass, such as a large adenomatous goiter 
displacing the larynx and trachea from their normal confines WTien the 
epiglottis is locjtteil, it can be elcvate<l slightly or a curled Msgfll tuf.ie 
may be directed under the epiglottis and into the larynx. 

Blind Intubation by Touch.— Tlie thir<l variation, blind intuliation bj 
touch, has been developed and usc<1 by only a few anesthetists This 
technic demands deep anesthesia with complete relaxation, the posses- 
sion of fairly long fingers by the anesthetist is extremely helpful. Al- 
though this method is much more useful in children than in adults, e\ery 
anesthetist should be acquainlc*! with il as a life may be saved from the 
timely introduction of an endolraclieal lube during an emergency when 
a laryngo'cope is not available. 

The anesthetist stands facing the patient and on the riglit side (if he 
is right handeil). The mouth is opened wide with tlie mouth gag and the 
tongue is pulled well forward. Tlic left index and middle fingers are 
passeil into the mouth along the dorsum of the tongue and the epiglottis 
is palpated It i.s elevated and the arytenoid cartilage is locatc<l with the 
middle finger Then tlie tube is p-assed into the mouth along the groove 
formed by the index and middle finger. A Magill or wosen-silk catheter 
bent in almost a quarter circle functions liest for this type of intubation. 

Direct Method. — .ts mentioned pres'iously, in the direct methoil o 
intubation the larynx is exposed by means of a laryngoscol>e and the 
endotracheal tube inserted through the speculum into the lary nx un cr 
direct vision. Although this proce*lure may l>e done under topical anes 
Ihesia, il is more often performed after the patient has been ane^t 
with some general anesthetic agent. lairyngoscopy should not ye a 
templed until anesthesia has been deepened to the point that t e massC 
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ter inusekN fire relaxed imd llie pluiryiifjcfil and laryiifiejil reflexes 
hupprossed. 


POSITION OF TIIK PATIENT'S HEAD 

Jackson* luis de-'Crilied l\v<i |>(>silions of llte patient’s head cm the tatile. 
either of iihicli lends in certain rcs|K*cls to fjicilitatc the !ar\ngeal c\- 
ixisurc. The jHi’^ition of dunce is llic one wlndi best suits the Jinesthclist’s 
needs and tlii.s will, in n measure, be influenced by the method followed 
in introducing the hiryngosco|)e These imsitions of the head arc the 
"classical” described in 1913 by Jackson and his ncucr or iimended 
positions (Fig. 379). In the classicsd |K)silion the patient’s head must be 
in fuW extension, witii the vertex firmly pnsbed down toward the feet so 
that the mouth ojicns a»id the tongue drops ilonn. In this position the 
neck muscles arc on the slretdi and the distance from the teeth to the 
glottis is increased. In the umendc<l position, the head is raised 10 cm. 



Fig 370 — Position of ticad for laryngoscopy a, 'Tl.ssMC.it,’' 6, nmemloil 


above the level of the table and .slightly extended t.o that the neck muscles 
are relaxed and the distance from the leelli to the glottis is decreased. 
l^Jlen the amended position is used, the mouth docs not fall open and 
the blade of the laryngo.scoj>e or the index finger of the right hand is 
inserted into the mouth to jmsh the longue forwsird, making room for the 
passage of the laryngoscoiH*. The other manipuhitions of the laryngo- 
scope are the same as when the classical |K)sition is used. 


INTRODUCTION OF THE LARYNGOSCOPE 
I’ot the mere economy of motion, it ks advisable for the beginner to 
^'arn to introduce tbe hiryugoscoi>e with Ins left han<l and jaiss the endo- 
tracheal tube with his right band. More iinjuirtanl, however, is that the 
arjngoscopy be done in an cilieient, rapul, but Jitrjuiinalic iniinucr. 

T he laryngoscoi)e may be introduced in the midlinc or from the .side of 
‘e mouth. The use of the median line makes recognition of structures 
aasj but involves passing the laryngoscope over the incisor teeth wliich 
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the Jiiic.slhelisl’s Imnds aiul ihc lead plate n^ed t(» prolecl the teetlj are 
not shown. 

If llic classical jM»siliotJ is to Ik* einph»ye<l, the occiput is piished down- 
ward lc)>\anl llic feel in <jrder l« Ihniw llje chin np and the tnonth »)pen 
A lead jdate is place<l <ivor Ihe incistir teeth with llie ri^ht hand while the 
upper and lower lips are Itcld a|>:irt The laryngoscope, held in the left 
hand, is passed into the nioulli alon^ the dorsuni of the lonf;nc. The 
upper lip is retracted so that it cannot l>c canphl hetween the .spccidinn 
and the upper teeth and the finpers of the riplit hand arc used to itendy 
the lead plate while the Ihiunh is jdacetl on the base of the blade and the 
si)eculum is gently ndvancctl. With the larynposcopc thus placed in the 
mouth it is advanced until the base of the tonpic and the uvula come 
into view (Fip. 380, n). With the spt'culiini steadied by the thumb and 
index fmper of the ripht hand, llie left hand is shifted to the horizontal 
bar of the larynposcopc. As the Ikisc of the tonpic is elevated, the epi- 
glottis comes into view (Fig. 380, b). In exposing the epiploltis it is 
important that the larynposcopc be liftcil so that the lower jaw and 
tongue arc <lisplaccd forwartl, increasing the <listajicc hetween tlie po.stc- 
rior pharyngeal wall and the Iwsc of tlic tongue, ^^^^en the speculum of 
the laryngoscope is incorrectly usc<l ns a lever ami the teeth sire used as a 
fulcrum in an attempt to accomplish this exposure of the epiglottis, the 
teeth are likely to he broken. 'Hic lip of the specuhim is depressed to pass 
tlie epiglottis and it is adv:inccd until il is about 1 cm. beyond tlie epi- 
glottis. With the speetdum so placed, the liflinp motion is again applie<l 
to the laryngoscope, and the larvnx shonhl be brought into view (Fig. 
380, c). 

If after this maneuver the larynx cannot he seen, the speculum prob- 
^ihlj’ has been advanced too far and has entered the esophagus. The 
larynx may be exposc<l from this position, liowever, by carefully with- 
drawing the speculum and allowing the larynx to drop <lown, exposing 
in order the corniculate, cuneiform and arytenoid cartilages in the glottic 
opening (Fig. 381). Occasionally the epiglottis may be extremely flexible 
and when its elevation is alteniplc<I, il will fall back on itself and jiarlially 
or completely obstruct the view of the laryngeal opening. In some pa- 
tients just the dorsal third or half of the larynx can be brought into view 
Without the use of considerable force on the laryngoscope. If in such a 
case an assistant will make downward pressure from the outside on the 
larynx it will help to expose the entire laryngeal opening. 

Much difficulty can be prevented in doing a laryngoscopy if the anes- 
thetist will always remember that the epiglottis serves as a fixed land- 
mark, just as the carina docs in bronchoscojiy and, therefore, the epi- 
g ottis should always be exposed Jtnd used as a means of orientation. 
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Whenever Ihe aiuitoiny seen tlmmgh the hir>’ngoscopc h nnfainihar, one 
should nj'.iin find the opij'lolliN ami rc-oriciil hinisclf. 

ANESTIICTIZATION OF THE TRACHEA 
l.nryiij'eul .sp.ism >Mlh ils:issociule<l s|Kisiiiof all the muscles of respira- 
tion and tiie cnsuinf’ upiuiv that iimnlaMy occurs can he prcventcti in 



Fig 381 — Theenlranw toUie lirjus, viewed from behind, (Fmm Grnj’s \nnton)J,e*l 
25, 1-c.i & FeljigiT ) 


most cases if the pharynx, larynx ami Inichca arc sprajed «ith oneo t ^ 
toiiical anesthetic upeiits Tliis may be tloue before induction o anesj 
thesia, as described in the paragniph on intubation under • 
anesthesia, or it may be carricil out after the larynx has ’ 

The tip of the long, straight atomizer, either HouhoHiam 'J'’ 
ns shown in Figure 376, is passotl through the laryngoscope > 
abducted cords, and the trachea sprayed. The Up of the a ^ 
withdrawn and the larjnx nml posterior pharynx arc sp . . 
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in IJjK firtlcr llic Iniclica is .siirc to lK?;iiics!lu‘tizo<I. ljut if tlio Iaryn\ 
is spniycd first, the conK tiro fikcJ.v to close uhen fill I»y flic sjiray of 
local anc.sflicticiiKcnl and, conswjucnll.v, none of it will raicfi the tmche.-i 
Wicn llic jKitienl i*? nrnlcr jjcnenil «iics|Jicsia, I helleve it is a waste of 
time to .spray an nne.stlietic agent on llic conls and tracliea and follow 
this inmiedialely w-itli llie introduction of llie endotracheal fuhe. Iiisuf- 
ficienl time is llnis allowed to elapse and no real anestheli;cation is 
pained hy the topical application. A iniicli better plan is to remove the 
laryngoscope after the cocaintaition, eontiiine llie ailmintslralion oftlie 
general nncstlictic for another three to five fiiiniiles. allowing the tojncal 
agent to produce its efTecl, ami then, on re*ev|K>sing the Iar.\ n.\. introduce 
the tube iind, in litis ftisltion, gain the benefit of the de{>resscd refle\ 
irrilahililyof the larniy anti tmeliea. 

INTnonUCTION' OP THE ENnOTUACHEAb TUPK 

^Miena clear view of the trachea has been obtained and its sinesthetirji* 
tion coinjdcfcd, ttn cmhttracheal tube previously luhriciitcd is t-bpiKsI 
through tlie glottis into the trachea (Fig. 380, d). If lltcre is niovcincjil 
of the cords, the lime when they arc in grctitcst {ilidiiclion shouhi be 
chosen for intuhation. 'f’ltc catheter .sboiild be passed with one rjipid, 
gentle motion, touching the eord.s b’Hle «.s {mssihle ]f t)ic tuhe Js 
passed at the side of the laryngoscope, (be view of the cords remains 
unobstruolcd and the tube approaches them from behind and to llte 
right, but when the lulic is passed ilireclly down tlie specnlum of t!»e 
laryngoscope, and the cords are ohservwf through the stilet, (he view of 
the cords is lost when the (ip of the lulic passes the liglit of tlie Ijiryngo- 
?coj>e. Irauma to the cords .should be avoidc<I as a break iu the muc<ius 
membrane covering them is likely to l>c followed by infcelioti which lea<ls 
to ^anuioinaloiis polyps am! changes in voice, and subsequently 
surgical removal of lhe.se growths inav be respured to rc.slorc the voice to 
normal. 

WITHDUAWAb OF THE LARYNGOSCOPE 

tube lias been passed into ibe trachea it is Iield in place with 
Th ^ while the left hand gently withdraws tlie laryngoscope 

c ead plate is then removed and Ibc rubber spool on the hill of the 
lul*^ between the teeth to premit the patient from biting the 

^11 le ig 380, d). It is well to IKstcii near the end of tlic tube where the 
respiration, tvilh its acconipanyinghJast of air, 

1 his gives real assurance that the tube is in the trachea and 
lot m the esophagus. 
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SPECIAL CONSIDERATIONS 

: • • — '<iuring 

isk may 

be placed over just as is done when an oral or nasal mrwa\ is cuiptojcd. 
Anesthesia may be administered ivithout a face mask by using the 
Gucdel-^^ liters inflatable cuff on the endotracheal tube and connecting 
the tube to the anesthetic supply by an adapter. Adhesiv’e tape is used to 
hold the tube in place to prevent the spool from slipping out from be- 
tween the teeth UTien an opcrsilion is to be performed on the face, it is 
helpful to use the long AYoodlmdge tube with an endotracheal cuff and 
an adapter This long tube may be brought out the corner of the mouth 
on the side opposite the operation, thus allowing the surgeon ample room. 
In the absence of an endotracheal lube with an inflatable cuff, packing 
of the oral ‘ ' ’ 

by some 

pharynx very firmly to secure an air-lighl fit. 'I'his packing may 
pressure necrosis in the tonsillar area and a subsequent sore throat if the 
operation lasts more tlian two hours. Another disadvantage to the use 
of an oral pack is that aspiration of vomitus into the tracliea is still 
possible , tins is avoided, howcs’cr, when an inflatable cuff is used. 

PJIOLONCED USE OF ENDOTRACHEAL TUBES IN COMATOSE PATIENTS 
After a rather large experience with the use of eudotraclieal tubes to 
insure an adequate airnay in patients suffering from coma, we have more 
or less abandoned this proccihire in favor of early tracheotomy. Our 
reasons for doing so are as follows: (1) tracheotomy is more physiologic — 
the presence of an endotrache.d tube acts as an irritant c.iusing a produc- 
tive tracheobronchitis (2) Tracheotomy insures a better avenue for the 
removal of excess secretions by the nursing staff. (3) Alterations have 
been noted m the tracheal mucous membrane and granulomatous polyps 
have been seen on the vocal cords following the j)rolonged use of endo- 
trache.ii tubes, T'ficre is always the possibility of an erKlotrache.d tube 

becoming obstructed or inadvertently removed and the patient dying of 
aspby.xia ; this is mucli less likely to happen after a tracheotomy has been 
performefl. 


MISCELLANEOUS 

Before insertion of aii endotracheal tube that has an inflatable cuff 
on it, the cuff bhoiihl be infilled and insj^cletl for leak-*. Over-iiifl.dion 
of the cuff after placing it in the trachea may be rcspoii'-ible for tr.mrn.i 
to the tracheal imicosa. Gillespie gives a practical test to ascertain 'e 
mininuil necessary pressure. A dry syringe fitted with a blunt, wn o gaUoe 
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needle is iti'^erled in tlie inflalitiK lube and llie air is pently injected into 
the cufT while presSJJre is exerted on the breathing bag. The inflation of 
the culT is disconlimied as soon as it reaches the point where it just pre- 
vents tlie leakage of gas which has been taking idaee until that time owing 
to the manual pressure on the breathing Iwig. Some of the inflatable cufTs 
are now being manufactured with small pilot ciifTs near the distal end of 
the inflating lube, A relatively good hlca of the amount of tension on the 
cufT in the traehca may be gained by observing the pilot cufT as the air 
is injected. 

^Yhen mucus collects in an endotracheal tube iluring an operation, it 
may he removed by passing a sterile number 14 or 10 rrench ureteral 
catheter into the lube, applying siietion and removing the debris (Fig 



Fig S82 — Catheter pnss«(l through endotracheal tulw for the removal of mucus from 
the trachea. 

382). The same procedure is of extreme imjKirtance in removing the pus 
that accumulates in an endotntcheal tube during operations on patients 
suffering from suppurative diseases of the lungs. We have found a 10 
gauge Levin tube, w’ith its distal end prepared so that there is a single 
end opening, to be of great assistance in removal of secretions from the 
right and eft main stem bronchi during thoracic ojieralions ; these secre- 
tions cannot be reached with the ortlinary urethral catheter. Small 
sized polyethylene plastic tubing has jiroverl to be invaluable for the 
aspiration of mucus from the small Ixire endotracheal tubes used in 
pediatric anesthesia. In severe bronchiectasis nr lung abscess it is often 
advisable to do a preojioralivc ami postoperative bronchoscopy in order 
to remove the accumulated secretions so that the jiaticnt will not drown 
in them either <luring induction or during the postoperative recovery. 

Although 10 per cent cocaine is advocaletl and used os a routine topical 
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anesthetic agent for endotracheal intubation, undesirable cocaine reac- 
tions are almost never seen. This way be explained by the fact that all 
conscious patients are adn‘«ed and urged to expectorate any excess 
solution that may poo! in the posterior pljarj nx rather than to sn-allow jt, 
for it IS thought that it is rapidly absorbed from the stomach ; in addition, 
the cocaine causes vasoconstriction of the mucous membrane and this is 
behoved to hinder its absorption. Jn addition to these abos'e-nienfionci} 
features winch militate against the occurrence of cocaine reactions, 



ng 383.— -t'piration through emJolracheal lobe during its removal from the traehea 

most of the patients receive some type of general anesthesia ami Ihi', of 
Course, depresses the sensitirity of the cerebral cortex to stimulation. 

At the end of the operation certain complications are likely to occur 
nhen the endotracheal tube is reato\'ed. Wood, pus or mucus may lie 
aspirated into the trachea unless the nasopharynx is cleareil of foreign 
material by preliminary aspiration and ft wtheter sub->e«inently intro- 
duced into the endotracheal tube so that it extends beyond the tip am 
suction applieif contimtously as the tulrc is nithdrami so as to remose 
any material that may be trapperl lietween the tu!>e and the trachea wn 
(Fig 383). The pharyngeal toilet and removal of the cndotrachca 
catheter will often precipitate a spasm of the glottis if the palieut is 
lightly anesthetized. Vierchrc, 1 Mtexv that tfie anesthesia should not 
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1)0 too HrIiI 111 Ihe lime of exluliJilion. A iiumlii pifl placed between ibc 
IcoUi or a mclal oropliaryngeal lnl»e wifi prevent the ]):ilienl from f)i(inp 
the lube ami aKo loseu Ibe iKissifnlily of injury to llie palienl’s ihroat 
(luring eNlubulion. 'I'lic in'-erlum of Ifte pbaryuf’eal airway before the 
tul)e is removed will pcncndly prevent llie common lyjie of obstruction 
seen in the anesthetized patient w-fien the lou]iue is allowed to fall 
back uRainsl the jioslcrior jiharyngeid wall. 
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Abdomiv injuries, diaRnnsls nml inaiwpi*- 
hient, .Ipn/, 38i^307 
swrgcrN, ane^thcMa for, coiuioct of, 
April, 

synipcisium ot>, .Ipri'f, 305 
vi^rcra, soli'!, pcrforalinns, IrwitnifOt, 
.Iprif. 403-414 

wall, emlomctriosH nf, Apf»l, 58t 
AI'^ctss of lung, 'Iraunge of, -lpn7, 557 
Acul-base balance, ^tpnf, 473 
Acromioclavicular joint, nrtlirili's of, June, 

oos 

separations, June, 005 
surgery of June, 905-912 
Aped patient, blUarv tract eiuerpeiiries iit, 

• Iprif, 3fil--3Ca 
Amebiasis, tcits, /Ipn'f, 482 
Amputations, 223-242 
cineplaslic, of arm, Feb , 234 
Gritn-Stokes, Feb., 229 
of leg m chddren, fefi., 291 
of lower extremity, Feb, 22(i 
of upper extremity, Feb , 231 
principles of surgical teclmic, Feb , 225 
prosthetic devices, Feb , 234 
sites of election, Feb 223, 224 
Syiiie. Feb , 227 
teiioplastic, at knee, Feb., 229 
Anesthesia, complications and their man- 
agement, ^-IpriY, 425 
endotrache.'il, equipment, June, 941 
intubation methotls, June, 950 
laryngoscopy in, June, 953 
texhnic, June, 941-991 
for abdominal surgerj, conduct of, 
^pril, 421-429 

• • i— ... 1,.„, •JIT 


Aneurysm, arteriovenous, surgical treat- 
ment, June, 705, 70(1 
Ankle, lesions, manipulative surgery, Feb , 
258 

surgical exposures, Feb , 74 
Ankylosis, fibrous, of elbow, monipulativ'e 
surgery in, fe6 , 250 
of wrist, manipulative surgery in, Feb , 
251 

Antibiotics in surgical infections, ^prif, 
431-447 

maintenance of plasma levels, April, 435 
production of high concentrations locally, 
Aprif, 437 

Aorta, coarctation, surgical treatment, 
June, 709, 7II, 712 

Arm amputation, supracondylar, Feb., 233 


.\rter5rtVt*nous aneurjsiu, surgical treat. 
ment, June, 7n5, 700 

Arthritis, cervical, manipulative surgery 
ill, Feb , 245 

chronic, artlirwlcsls in, Feb, 111, 113 
arthroplasty in, Feb, 101, 103 
nrliirolomy in, Feb , 02, 03 
cap'ulotoiny in, Fel , 00 
casts, spliiit.s and oirrcctivc up- 
phances, Feb, 01 
ih'bridement in, Feb , 91 
desensitiialion of joint, Feb, 92 
sliffercntwtion o! the types, Feb, 
87-115 

joint aspiration nml Iav.agc, puncture 
of ssnovial pouch and drilling of 
articular end of bones. Feb , 92 
osteotomy for, Feb , 97, IDO 
Kscclion of articular extremities and 
ostcetoni}', Feb , 07, 102 
surgery in treatment of, Feb, 87-115 
synovectomy in, /Vf», 93, 04 
toe deformities, phal.ingeclomy for, 
Feb, 275-280 

traction, exercises, manipulation, Feb 
90, 91 

whittling and amputation, Feb , 1 13 
of acromioclavicular joint, surgical treat- 
nient. June, DtW 
rheumatoid, Feb, 87-115 
Arthrodesis as form of bone gr.xfls, Feb , R5 
for paral.vtic feet, Kjerjon’s technic, 
Feb., 270 

in chronic orthnlis, Feb, HI, IIS 
Arthroplasty in chrome arthritis, Feb, 
101, 109 

Arthrotomy for chronic arthritis, Feb 
92, 93 

of knee joint, June, 913-921 

lateral approach, June, 910 
inediat or (aterni appro.ich, ./uiie 
913 

posterior apprcMch, June, 019 
Articular extremities, resection, in chrmiic 
arthritis, Feb., 97, 102 
Ascariasis, April, 481 
Aspiration of joint in chronic arthritis 
Feb , 9 2 

Ataxia, Friedreich’s, spinal deformity in 
/V5,184 ' 

Atomizers for topical endotracheal anes- 
thesia, June, 948 
Axilla, anatomy, .Tune, 729 
Azotemia, April, 477 

Bxcitrsciv, antibacterial spectrum, -Inrif 
433 

in surgical infections, ^lpn7, 431-447 


963 





CUMUli^TlVE INOEX 


Badracn, loc»l ,„jecU«n' ^K'l, ™ 

BXx^'.VoCrnV;r™\..>a;p™.»^ 

aue''’to* “pluiail ,ntnveri.l>™l Ji*. 
trom*" Br'induslml sl»ndp™->. *'* ■ 

215-221 „„ 

BriS ="r“’.n°5'’-i»'’'' 

on, June, 805-815 
stricture, repair of, June, 8i- 
„b.l.ucl.o« m p» 

Biliary Irart eiorrEmciei m aBr". r 

bIB’^S'S 3os''ot’ r"«i 

475 , .. f„„» A7fi 


Bursitis, M<lwliuineral. Ffh_, 155 

manipulative surgery in. feb , ■i->\ 
subdeltoid, Feb, 14C 


oT «cum. resection of, primary, June, 831 
of^on, anterior resection and pnmary 
■ anastomosis. 

preparation. .Ir't, 333 
sel^ion of cases, dpnf, 330 
tecbnic, April, 335 
ascei^ing. Ju"*. 83* 

April, 3«3'338 

bcpatic flevure, f ” gj 9 _ 8 n 

„,=Ef=:sss 


rP“' 


surgical ireaiiuciiL, * . 

grafts! Fet. 77-80 

autogenous. Feb. 77 
cortical inlay, /(*■' f* 
cortical onlay, Feb , 81 
«neral principles Feb, 82 

Eeterogenous, Feb , 78 
homogenous, >«./'. ,»r 

in chronic osteomjclitw, Feb , 1 

mdicationsand contraindicalionsFeb . 

infraniedullar), Feb, 80 
tei^nie, Feb , 80 . 

lesions, chemotherapy, AppI, 
surgery of, symposium on, leb , 
surgicl 

?"Sr"S»™»nirEi»l 

B,»ci“'c«py 1.1 ppi"“'''>' 

c£:\S».e. ‘“e-y 


of epigSoiii'. 

“P"*"' 

June, G 31 -C 49 , 

protein nutrition in, dp . 

Cardioplasly, fL^ttnent , Ju"'. 60 1 

grfr.r.«»rE.ry,..cl.»™l"rP-^^ 

Cecum, carcinoma, rest 

ciSSnSw. •ni.i..P»l.‘>.'' .prpro- 

Cwm ul'"’ '"'““‘S"' ‘V-tmiPl 

Cliemotherapy • 

r; 

557-572 
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ChemUtry, clltilcjil, a< ni<l lo surgery,, tjfw*/, 
47G 

Cliil'lren, i)rtlioj>cilIc •uirperv in, F(h , 4Hl - 

CliloruleH, IilcKxl, .tpn/, 477 
Cliolccj sleet oim for neiite clio1re;«''l>tiH, 
June, 813 

for cliromc cliolecNstitii niul cliolelilliU- 
SH, June, WMi 

Cholecyslilis, acute, cliolecj’stecloiuy for, 
June, 813 
in aged, .tprif, 301 

chronic, cholecystectomy for, June, M)fi 
Clioleilochosltiniy, June, Hltl 
Cholelithia.sw, cholecNslectomv for, June, 
bOG 

chole<!ochosloi>iy for, June, 81(1 
Cholesterol, lilivxl, .Iprif, 477 
Chondreclomy for choti<lrotiialacw palelhae, 
Feb , iCfi 

Cliontlromalacja patellae, Feb, '4Cl-?<>7 
trealnient, Feb , 200 
Chondromatosis, sjnovial, Feb , 89 
Cicatricial defoniutiea, correction of, April, 
m-Hil 

Cineplastic arapulallon of arm, Feb ,231 
Clavicle, resection of, partial, June, 909 
Coarctation of aorta, surgical treatment, 
June, 700,711,712 

Coccygodynia, niampulativc surgery »n, 
Feb , 334 

Colon, ascending, carcinoma, resection of, 
primar}, June, 834 


treatment, .•tprJ, 323-338 
diverticulitis, massive heiuorriiage due 
to, j4prif,321 

resection, anterior, and priioarj' 
nnastoniosLs, preoperative 
preparation, April, 333 
selection of cases, April, S30 
surgical principles, June, 830 
technic, Apnl, 335; June, 829- 
841 

sigmoid, carcinoma, resection of, primary, 
June, 833 

traasverse, carcinoma, resection of 
primarj", June, 837 

provimal half, carcinoma, resection of, 
ppimarj', June, 834 

Colostomy, delunctioning, in lympho* 
granuloma venereum of rectum, April, 
400 

Colpoclebis, total for prolapse of uterus. 
June, 659 . 

Common duct, operative procedures on 
June, 805-815 

stricture, repair of, June, 812 
Compres^sion dressing in compound frac- 
tures of hand, Feb , IG 


Compression fracltin's of spine complicate*! 

I ». .»•>»• ’co-iol 

, . ! a*» 

X . . . ■ . 5t)-GI 

• ■ ' June, 

7tt3 

Conlitttions spinal niicsUicsia, technic, 
June, 033 

Coiiviilsion-s during ancalhesfLa, manage- 
ment, .lpr»7, 42C 

Coomlis’ lest, in hemolytic jaundice, .Ipnf, 
373 

('iiliitus valgus in children, Feb , 29G 
Cysts, lume. solitary, in cliildren, surpeal 
trratnieiit, Feb , 282 
eiHloinelriai, nipttired, .Ipri7, 587 
evlmdund, intmspinal, spinal deformities 
due (n, Feb , 171 

Hartlioiiii's gland, excision of, June, 
Ki3-Kl5 

pilonUlal. June, 879-R8G 
Cjlotftgy, newer developtnenl*, .Iprif, 48G 

Df.tiinoKsiKVt in chronic arthritis, Ftb . 91 
Decortication in pulmonarj’ tuhcrculosis, 
.tpeif. 552, 557 

Deformities of spine, neurological aspects, 
Feb.. 1C3--1R7 

Desensitixation of joint in chronic arUiritb, 
FebytH 

Diagnosis, laboratory, as aid to surgery, 
April, 4S9 

Diaphragmatic paralysis for pu1monar>' 

1 . • • ; 

.• • )05, 

• ' _ • ’ • • , '-(54 

Diverticula of esophagus, surgical treat- 
ment, June, C91 

Diverticulitis of colon, massive hemorrhage 
due to. .Ipn7, 321 


culosls, 

.iprii, o5ii 

Ductus arteriasus, patent, surgical cor- 
rection, June, 705 
Duodena] contents, tests, April, 481 
Duodenum, carcinoma, massive hemor- 
rhage due to, .IprJ, 320 
ulcer, gastrectomy, subtotal, June 7G7- 
777 

Dysmenorrhea, presacral neurectomy for 
June, 8G1-8C6 

Elbow, amputation at, Feb., 233 
bursitis m region of, Feb , 155-162 
fibrosis, manipulative surgery in. Feb . 

250 e> V , , 

miner’s, Feb , 136 
tennis, feb , 15G 
Electromyography, April, 532 
Emesis during anesthesls, management, 
April, 423 
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Empjema, tuberculoas, treatment, Aj^il, 
551, 505 

Einloinetrial cjst, ruptured, April, 587 
Endometrioiia, conservative management, 
April, 583-501 

Eiulotrnche.'i! anestbesla, equipment, June, 

ftn 

intubation methods, June, 950 
laryngoscopj in, June, 953 
technic, June, 911-961 
tubes, June, 913 
EnterobiasLS, April, 483 
Epicondylalgia, Feb , 157 
Epicondylitis, Feb , 157 
Epiglottis, carcinoma, surgical cTcwion, 
technic, June, 679-689 
Epiphjsis, femoral, slippeii, in child, 
surgery in, Feb , 287 
manipulative surgery in, Feb , 256 
Epiphysitis, pyogenic, in children, surgical 
treatment, Feb , 285 

Erythroej te count as aid to surgery, April, 
474 

sedimentation rate, April, 475 
Esophagojejunal anastomosis in total 
gastrectomy, June, 757 
Esophagus, carcinoma, resection m, June. 
696 

diverticula, June, 691 
(oner end, peptic ulcer of, m-isslve 
hemorrhage due to, April, 318 
resection, technic in, April, 567 
strictures, June, 694 
surgery of, technical aspects, June, 
091-703 

tumors, June, 695 

varices, massive hemorrhage due to, 
.-Ipni, 317 

Examination, rectal, April, 415-419 
Exercises, hyperextensioD, in fractures of 
spine, Feb, 901, 909 
in chronic arthritis, Feb , 90, St 
postural, in spinal fracture, Feb , 197, 1S8 
Extrapleural operations Tor pulmonary 
tuberculosis, April, 547, 5C0 
Extremity, loner, amputations, Feb, 226 
prostbeses, Feb, 933 
varicose veins, management, June, 
887-892 

upper, amputations, Feb , 231 
prostheses, Feb , 23S 
Ewing’s tumor, Feb , 133, 135 

Facivl nerve, techmc of exposing, in 
parotid gland surgery, June, 673-677 
Fallot, tetralogy of, surgical treatment, 
June, 709, 713, 714 

Femoral epiphysis, slipped, in child, 
surgery in, Feb , 287 
manipulative surgery m, Feb, 256 
Femur, condyles, amputation proximal to, 
Feb , 230 

fractures, in children, Feb , 293 
head and neck, surgical, approaches 
Feb , 66, 67, 68 


Femur, neck, fractures, maiMgeiaenf. Frl 
31-57 

shaft, surgical approaches, Feb , 69 
Fibrosis of elbow, in.inipulative surgery 
in. Feb , 250 

of fingers and nictncarpoph.ihngeal 
/omts, manipiiHtiVe surgery in, Feb, 

of knee, mampiilative surgery in, Feb 
257 6 J , 

FibrosUts of shoulder, manipulative surgery 
in, Feb , 247 

Fibula, surgical approaches, Feb , 74 
Fingers, amputation, Feb , 231 
fibrosLx, manipulative surgery in, Feb 
951 

Pool, amputation, Feb , 226 
prostheses, Feb , 235 
lesions, manipulative surgery in, Feb , 258 
pronated, Feb , 289 

stabilization in infantile piralysis, imh- 
cations and technic, Feb , 269-274 
Porcams, amputation, Feb, 233 
Fractures m children, Feb , 903 
of femur in children, Feb , 293 
neck, management, Feb , 31-57 
of hand, compound, treatment, Feh , 
15-29 

of hip, intracapsular, management, Feb , 
31-57 

of leg, comminuted and segmented, F r6 , 
1-13 

fixed skeletal traction followetl by 
splinting and delayed ambula- 
tion, Fn , 11 

reduction by continuous traction, 
skeletal pull, suspension, Feb , 9 
by fixed traction followed by 
splinting, Feb , 0 

transfixion pins and outside bars 
in, Feb, 10 

walking iron stirrups in, Feb , 1 1 
of radius and ulna in cbildren, F eb , 295 
of spine, compression, complicated by 
injury to spinal cord, FV6 , 189-194 
in elderly people, Feb , 195-205 
of tibial condyle, lateral, surgical treat- 
ment, June, 893 

of tibiai spine in children, Feb , 298 _ 
Pricdreich’a ataxia, spinal deformity in, 
Feb , 184 

Frozen shoulder, Feb , 152 

manipulative surgery in, Feb , 247 
Furmss damp in intestinal resection, June, 
823 


Gvllblaodeb, diseases, acute, in aged, 
A/^il, 361 

operative procedures on, J une, 805-815 
Gastrectomy, subtotal, for peptic ulcer, 
June, 767-777 
total, June, 747-765 
tedinic, June, 750 
uidtcationsfor, June, 747 
postoperative care, June, 763 
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(» ns\»ic jmaKsis, .Ijiril, 

innWivc liwnorrhapc «hie In, 
April, Sin 

Cm^lro e'opliapMil anastnnn>'>i'«i Aprils 5R8 
(lastrointc’slinal licmorrliapp, ina«'»ix*c, imt 
clue lo peptic ulcer, iiinnapciiient, .l/wi/, 
Z\l-Si\ 

(lianlia«i<, .l;>rc7, 4S-i 

(iraUs, \)OTie, Feb , TT-J'C. See aUo Bone 
ffra/lf. 

Granuloma, intrn«pinal, luliorciiloiis, tcetim- 
lopical n«peclH, f'rb., K'S 
Grilti-Ptokes amputation, Feb., Hn 
Groxs’ operation for patent cluctux arlerio* 
sux, Jiinf, 70.» 

Uxl.STED TnelViocl of radical lna^Vec^oTn> , 
June. 7i7 

HaUleil'Finney inelliml of lateral open 
anastoinoxit of xmall intestine, June, K^1 
Hammer toes, plialanpcctomy for, feb , <77 
nnnd, fractures, compound, treatment, 
Feb , lS~iO 

splint, universal, Feb , 17 
Henri, cotiReuilnl defecls, antgtcnl treat- 
ment, June, 71)3 
surgery of, tecluiics, ,lpri/, 371 
Heat retention during anesthesia, iiunage- 
inent, .Iprif, 4<0 

Hematocrit rending in surgerj, .IprJ, 475 
Hematology in surgery, .Ipril. 474 
Hemogloliin estimation ns al<i to surgery, 
c(prif,474 

Hemolytic jaundice, splenectomy for, 
yfpri/.87< 

llemorriiage, gastrointestinal, massive, not 
clue to peptic ulcs»r, mauageineiit, 
,l;^if, 317-3<1 


injection, April, 383, June, 8C9 
operative, April, 383, June, 870 
Hernia, hiatus, massive hernia due to, 
/Iprd, 310 

incisional, repair, June, 787-703 
inguinal, repair, June, 795-804 
ventral, repair. June, 787-703 
Herniation of intervertebral disk, diagno- 
sis, April, 533 

IlintiLs hernia, massive hemorrhage due to, 
Apnl, 319 

Hip, amputation near, Feb , 231 
proslheses, Feb , 231> 

disiocatinn, congenital, treatment, Feb, 
59-04 

espasun-s, f^^r drainage, Feb , Cfi 

for reconstriiclinns, arthroplasties and 
fractures. Feb , ('O 

fractures, intracapsiilar, management. 
Feb, 31-57 
posterior, Feb , GO 

requiring view of femoral neck and 
subtrochanteric regions, Feb, C 7 


Uin, sisteoarthritis , manipulative surgery in , 
Feb.isr, 

IlntTmeister technic of partial p.ustric resec- 
tion, mucliried, June, 7<>8 
Hjperexten'ioii everci'Cs in fracture of 
spine, Feb , 201 , 202 

HyperpToteumation lu cancer, .Iprif, 454 
lUperspleiusin, splenectomy for, -Iprif, 37(> 
Ujperleivsion, portal, splenectomy for, 
.lr«/.377 

lljsterrclcmiy, Vaginal, for prolxspe of 
uterus, June, S.>3 

IcTrnfu See.fflMn<fiVe 
tiieisioiial hernia, repair, June, 787-793 
Infantile paralysis See I'otinnii/rhih 
Infeclion-s, surgical, clieniotherapy, recent 
ftdvatiecs, ,lpri7, 12(5-417 
Inguinal hernia, repair, June, 795-SOl 
Injection treatment of hemorrhoids, .Ijcrif, 
383; Jicnr, RK9 
of \*«rict)sc s'ems, June, RS7 
Injuries, nlulntiiinal, diagnosis and manage- 
ment. April, asO'UOT 
Intervettclunl sUsk herniation, Feb , 21B 
diagnosis, /I;>n7, 533 

Intestinal obstruction, anestliesia and, 
.trr«7. 42R 

inanagemcnl. .tprif, 807-315 
Inlestine, large. Ion er portion, cxnminnliou, 
vtpril, 415-410 

surgery of, chemotherapy In, April, 440 
sinali, olystruction, management, .tprif, 
807-315 

resection of, June, 817-827 
cnd-lo-cml aseptic mcthcxl em- 
ploying ruriuss clamp, June, 
823 

“open” anastomosis, June, 820 
lateral open anastomosis, June, 821 
Mikulic* method, June, 825 
Iiilmthecnl administration of antibiotics, 
^tprif, 439 

Inversion of uterus, /lpn7, SOO-CIO 
Iodine, blood, April, 478 

JsuVDtCE. hemolytic, congenital and ac- 
quired, differentiation, April, 373, 
374 

splenectomy for, April, 372 
Jejimojejunostomy in total gastrectomy, 
June, 7C1 

Joints, aspiration, in chrome arthritis, Feb 
92 

deseiisitization, in chronic arthritis, Feb , 
92 

surgery of, symposium on, Feb , 1 
surgical appro.ichcs, Feb , C5-7(> 


■ 85 

235 

lateral approach, June, 91(5 
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Knee, artbrolomy of, inoth.il or )atc9^) 
appro.ich, June, 013 
posterior approach, June, 919 
amhihXy, manipulative surgery in, frf , 

surgical exposures, Feb, 71 
Kj-phosis, neurological aspects, Fei , lSi~ 


LsnoRSTORY diagnosis as aid to stinrrs 
^prif, 473-499 

La7>Tigoscopes, June, 912, 914 
Laryngoscopj in endotracheal anesthesia, 
June, 953 

1-arj nx, anatomy, June, 956 
carcinoma, roentgen treatment, June, 6S0 
I-eg, anipuf.ations, Feb, 328 
in children, Feb, 391 
fractures, comminuted and segiuented. 


peuuratinns, treatment, .4pri/, 4I0 
Lumbar ssTonathectoms-, tecboic, June, 
607-671 

I.ung, obscess, drainage of, Apnf, 557 
anntoiD} , bronchograpbic, • I pril, 573-381 
resection, for tuberculosis, April. 549, 561 
sesmental technic, -4prif, 507 
total, technic, June, 717 
surgery of, chemotherapy in, Apnl, 441 
Ljmphogranuloma venereum of rectum, 
operative procedure, selection, Apnl, 
300-ins 


Xeurectomj-, presacral, for d>snienorrben 
June, 801-8t<6 

Xeurofibromas of spina! cord, clinical 
features and end results, June. 6S'i-^65 
v«,— ec. 


in/, loj-is; 

Obeb’s mcision for hip joint exposure, ffb 
66 

Olecranon bursitis, Feb , 155 
Orthopedic '* ) 


Osborne tncision for exposure of posteriot 
hip, Feb , 69 

Ostectomy in chronic arthritis, Feb , 97, 103 
Osteoarthritis of hip, manipulative surgen , 
in, Feb , 355 
surgerj in, Feb , 87-115 
Osleoebondromstoisis, sxnovial, Feb, b9 
Osteogenic Mccoma, Feb , 133, 13S 
Osteoid osteoma, Feb, 134 
Osteoma, osteoid, Feb . 134 
OsteotD>»htis. acute. Ftb, 117-134 
complicntions. Feb, 131 
penicillin in, Feb , 119 
surgical dr8m.sge in, Ftb , 130 
dironic, Feb , 134-131 
surgical treatmeDt, Feb , 135 
in children, chemotherapy, Feb , 385 
Osteotomy for chronic arthritis, f'(6 
97. 100 


"d iN • . r I 

M ' I ' ■ 



^fa^lpuSatlve surgery i« ortbopeibcs, Feb , 
343-359 

JIastectoniy, radical, techmc, June, 737- 
737 

Meninpottuas of spinal cortl, clinical 
features and end results, June, 659-665 
Meniscus svndrome manipulative surgery 
in, Feb , 337^ 


Miner’s elboo, Feb, 156 
MonaWi procedure in tuberculosis,. fpnf, 
531, 539 

MuNCular dystropbj. progre«ive, spinal 
deforniitj m, Feb , 179 
M}elotn.a, multiple, Feb , 133, 133 
MjeWcopy, April, 533 

Neck ricatriciil contractures, April, 630 
diss’ertwii, radical, June, 631-640 
Nme.Uwl.tecbmcof exposing, in parotid 
gland surgeiy, June, 673-677 


I'\IN. cervtcobracbi.il, nianipalntite su^ 
ger) m, Feb , 345 
I’ainfut shoulder. Feb, 145-134 
I’ancreas, anatomy. June, TSO 
diseases, value of secretin test ui, 4prif, 
4S9 

perforations, treatment, Apnl. 413 
tad and bcdy, excision of, June, 779-783 
tests. April, 483 

Pancreatectomy, p.xrtiai, June, 779-7S5 
indications for, June, 780 
technic, June, 783 

Pancreatitis, di.xgnosis, April, 344 
etiology and pathology, April, 339 
surgical treatment, Apnl. S39-S59 
Paralj-sis, infantile See Poliomt/ehln 
Paralytic scoliosis, Feb. 213 
Paraplegia due to scbolia«u, Feb. 1S9 
Parasites of blotxl, study of -tpnl, 474 
Parotid gland, surgery, technic of ex- 
posing facial nene in. June. 673-677 
Patella, cbondroinnHeia Feb, 36t-367 
treatment, Feb , 2CC 
slipping or ibslocafing, surpcal freal- 
inent, Feb , 391 

Patellectoms forlcbondromalacia patellae, 

Feb, 366 

for chronic arthntLs, Feb , 106 
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I’nlclloptasly for chomlromiilnci.i julpllap, 
Fth , iCO 

Patent (luctiiH nrleriwin, nurpciil lrv.it- 
iiient, Jufie, 7(la 

Pcihatric ortliopeilic .'‘iirRcrj, />/» . "iSl 

VcineiWin, l)acteTi.\ •iw-cepViUte V«>, 

4S2 

in acute <vsteom>clitH, Ffh , lift, ■JM5 
in surpeni infection*, .l7iri7j 4^1-417 
intra-flrten.ll injection, April, 437 
local injection*, April, 43H 
maintenance of pln«mn level*, mctliwl*, 
April, 430 

toxic reaction*, .Ijjn/, 431 
Peptic ulcer, pa*trectniny, auhtotal, Junr, 
7G7-777 

of lower end of e*oplinpi*, ma**ive 
heinorrlinKe due to, April, SIH 
Perforations of solid altdominnl viscera, 
treatment, -Iprif, 400-414 
Periarthritis of shoulder, Feb , 15-2 

inanipiil.itive surgery in, Feb , S17 
Petiltmeal fluid, tvmioT cell* in, diaRiuvstic 
significance, .lfn7, 501 
Peritonitis, chemotherapy in, vfpri7, 410 
Phnlangectoaiy for toe deformities, Feb , 
975-f280 

Phosphatase, blood, April, 47fi 
Miosphorus, hlood, ^Iprd, 478 
Pilonidal cyst* and sinuses, June, fi70-8SG 
closed methosl of treatment, June, 
Wi 

open operation, June, SSI 
Pins, transfixion, in fractures of leg, 
Feb , 10 

Pleural fluid, examination, April, 47ft 
tumor cells in, diagnostic significance, 
/lpn7, 501 

Pneumonectomy, total, technic, June, 
717-7«C 

Pneumoperitoneum for pulmonary tuber- 
culosis, April, 544 ' 

Pneumothorax, artiflci.il, in pulmonary 
tuberculosis, April, 542, 500 
extrapleural, for tuberculosis, April, 
546, 5G0 

Poliomyelitis, anterior, foot stabilization 
in, indications and technic, FeV 
269-274 

toe deformities, plialangectomy for, 
Feb , 275-280 

spinal deformity in, Feb , 1&4 
Portal hypertension, splenectomy for 
^prif, 377 

Portex endotracheal tubes, June, 945, 9I6 
Postural deformities in spina! fracture, 
measures to overcome, Feb , 197 
Potassium, blood, April, 478 
Pregnancy, ectopic, management, April, 
595-598 

Presacral neurectomy for dysmenorrhea 
June, 861-866 

Proctoscope, use of, ^prif, 417 


Pmlap'C of ttlerii*, Mnnchcstcr-r<>tliergill 
operation, June, tOl 
total rolpi'clelsis for, June, 859 
treatiuetd, June, 817-869 
x.igiu.x] hysterectomy for, June, 8.15 
vaginal rcpiir 'Mtli alMloimnal sus- 
peusiou, June, 8tft 

lYalkuis-lVcrtlirim interposition opera- 
tion, Junr, 851 
I’runateil feel, Feb , 2Sft 
PrtMthelic devices following amputation, 
Feb «3l 

Protein nutrition in cancer, dprif, 419-472 
Proteins. «cruni, .lpn7, 477 
Psvchic traiunn, nuesllicvia niid, Jprif, 
426 

l^vdiosomatic I>.ick.ichr, Feb , 220 
Puluiotiarv stenosis, surgical trcalnieiit. 
June, 7»'>,718,711 

Purpura liaeinorrhagica, iiliopathic, splen- 
ectomy for, .ipril, 375 

RxcHiTic scoliosis, ^V^., *211 
Ufldiobmnerftl bursitis, Feb., 15.5 

manipulative surgery; in, Feb , 2.51 
Radius, fractures, in cbildrcn, Feb , 295 
Rectosigmoid, cnrciiiotna, operative trciit- 
meiit, April, 823-33!) 

Rectum, carcinoma, operative trentiiient, 
April, 323-339 
examination, April, 415-410 
lymphogrniiuloma venereum, operntive 
proceilure, selection, April, 30')-4()8 
Respiratory tr.ict, laboratory tests, .IpriV, 
470 

Rheumatoid nrlhrilis, surgery In, Fell , 
87-115 

toe deformities, plialangectomy for, 
Feb, 275-280 

Rib resections, scoliosis due to, Feb , 213 
Roeiileeii diagnosis of iiitmcapsular hip 
fractures, Feb , 51 

treatment of carcinoma of larjnx, June, 
G80 

Rupture of spleen, splenectomy for, .Ipn7 
371 

Ryerson’s technic of triple arthrodesis for 
paralytic feet, Fell , 270 

SxpniwoKEslDHAL ligation and distal in- 
jection for varicose veins, June, 887 
Sarcoma, osteogenic, Feb , 133, 135 
Scars, operative correction, ^pril, 011-C21 


ie<j , JVt 

congenital, Feb , 207 

due to rib resections, Feb , 213 

idiopathic, Feb , 207 

neurological aspects, Feb , 1C3-187 

paralytic, Feb., 212 

paraplegia due to, F'eb , 169 

rachitic, Feb , 211 

y 
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Scoliows, scii»t»c, Ffb , 35S 
treatment, Feti , 207-^14 
becretin test, value, jn ^Hrgcri, Aiinl, 
iSO 

Segiuentnl technic of pulrriofun resection, 
.fpnf, 5f>7 

t^piration«, ncrorniocUvituJar, Jme, 905 
.Miock, Kurgical, ami anestfieiia, Ajirtl, iiC 
ShouWer, amputation m rcEion erf. /V6 . 

m 

fihrositii, manipulative surgery jn, 
f'eb , 3*7 
frozen, Feb , 153 

manipulative surger>' m, TeJ , 2J7 
painful, Feb, ftS-lSl 
penart^iritw, Feb , 153 
teniiinitrt, f'ei< , 147 
tendon rupture, Feb , 150 
Sigmoid colon, czrcuionia, operative treat- 
inent, Aprd, 333-330, June, 839 
Sigmoidoseope, «'‘e of, April, 417 
Sinusei. Bilonidftl. Jvnc, 879-880 
Sodium, Wood, Apeti, i78 
Spinal anesthesia, anatorowal ami tneehaiu- 
cal factors, Jvne, 931 
continuous, teehmc, Jims, 933 
factors inSucncing height of anesthesia, 
Jee/ee, 

management of patient, June, 936 
solution far, June, 939 
technic, June, 033-9*0 
Spinal cord, Usiotis, differenti'il diagnosis, 
April, 531-537 

tneningiomns and neuroRhfoinas, clini- 
cal features and end resufii, June, 
C59-CC5 

Spine deformtltes, iieufologica! aspects, 
hb, 163-187 

fractures, compression, complicated by 
hj injury to spinal cord, Feb , 
IRO'lPl 

in elderly people, Feb , 195-905 
fusion as form of boiie graft, Feb , 85 
pvctgenic infections, neurological aspects, 
Feb , 169 

tumors, spinal de/orniifies in, Feb , 
173 

Spleen, perforations, treatmenf, April, 419 
rupture, spieneclotnj for Apn], 371 
siirgwj- of, present concepts, Apetl, 
3(-9-382 

Splenectomy, itidiealioiui, .1 prii, 370, June, 
739 

technic, June, 739-7*5 
SplenomegaJj, congealiie, splenectomy for, 
dprii, 377 

Splint, utuversal, for hand, fV6 . J7 
Spondjlilis, tuberculous, neuroiopesf as- 
pects, Feb , 167 

Sputum, eramination, April, *70 
tumor cells in, diagnostic stgnjficauee, 
April, 503 

Slenosu, pulmoriary, surgical treatmenf, 
June, 7tl9, 713, 71* 


Stomach, carcinoma. See Carcinama o/ 
elamack 

contents, luiiinr cells in, diagnostic 
•iigiiihcaiice, Apn/, 51 
Jymph noilee, June, 759 
mucosa, prolapse of, tiiassiie heuiorrh ige 
due to, dprif,3J0 

TCsectioii, subtotal, for peptic ulcer, 
June, 707-777 
total, June, 7*7-7dS 
ulcer, gastrectomy, sullolal, June, 7G7- 
777 

Stool examination, Apnl, *81 
Strapping of back in spinal fracture, Feb , 
909 

Streptoms'cin, bacteria su«ceptibie to, 
Ap'd, 439 

in surgical infections, dpnf, 431-417 
in tub^culoixs, Apd. 442 
local injections, Apii, 4SB 
sulfamylon /wd, in large bo« el surgerj- 
Apnl, 4f0 

fotie eeaetions, Aped, 434 
Stneturee of common duct, repair of, 
June. 612 

of esophagus, June, Cm 
Subdeltoid bunitis, t'ei , t46 
Suction socket in omptitstcons, feb , S37 
Sugar, blood, .irni, *76 
Sulfamylon and streptomycin in large 
boHef surgery, .fprif, * to 
Sulfniuiroides in surgical infectmna, 
431-4*7 

Purgicfil spproiicbw to l>ones and joints, 
Feb , €5-70 

infections, chemotherapy, Ap<l, *31"417 
Syme amputation, Feb , 897 
S.Mopathectoiny, lumbar, indications tot, 
June, 0t>7 

technic, June, €07-671 
Synovectomy for chrome arthrilM, Feb , 
93, 04 

Syno'ial chwiiiromattisi'* «r>d osteo- 

chondrom.'ilosis, Feb > 89 
Syiiovitw, villotioduUr, pigmented, feb , S') 
Sjwngomjeiia, spinal deformity m, ftb, 

179 


TBciistc, surgical, symposium on, Jii«r, 
€31 

Tendrtutw o! shoulder, Feb, Il7 
Tendons, rupture, in shoulder, feb , 150 
Tenma elboe., Ftb , I5fi 
TenophsliC araputatiw* at knee, Feb, -.9 
Tetralogy r>f Fatlot, surgical treatment, 
June, 709, 713, 71* 

Thigh amputations, Feb , 829 
Thoracic. See a(<o CAeet . 

Thoeacoidaity for pulmonary tubercolosui, 
Jpeif. 5U, 569 
types, 563 

Thumb, amputation, feb, 33, 

Tiyroid, carcinoma, radical neck disseftion 
in. June, 631-6*<1 
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Th>Toiilcclnmy, siilitotnl, lecluuc, June, 
CJ 1-058 

Tibia, conilyle, lateral, fraelurr^, HurRical 
treatment, June, SO8-IK18 
spine, fractures in children, /W> , 598 
surgical exposures, Fth , 71 
Tilting table prosthesis, Ftb , 538 
Toes, amputation, Fth., 550 

ilefonnitics, phalaiigectomj for, Fth , 
575'9S0 

Traction in chronic arthritis, Fth, 90, 91 
Transfixion pins jn fractures of leg, 10 
Tuberculosis, pulmonary , brouehosropv 
In, .tpriV, 553 

decortication in, /fpn'f, 555, 557 
diaphragmatic paralysis in, AprJ, 
543, 5C0 

drainage operalioas, *lpri/, 551, 559 
extrapleural operations, .Ipn7,5l7, 5M» 
pneumothorax for, April, 515, 
resection for, .Iprii, S40, 561 
segmental, .Iprii, 567 
surgical management, .Iprif, 539- 
559, 550 

thoracoplasty for, April, 544, 565 
types, April, 3C3 
streptomycin in, .Ipnf, 443 
empyema, treatment, .(pr»7, 551, 5fi5 
intrasplnal granuloma, neurological as- 
pecta, Frh, ICO 

spondylitis, neurological aspects, Fth , 
107 

Tubes, endotracheal, Junt, 913 
Tumor cells in diagnostic specimens, 
detection and significance, .tpril, 5U1- 
550 

Tumors, Kwing, Ftb , 133, 135 
of bone, Feb., 133;143 
of esophagus, surgical treatment, yune, 
095 

of neck, radical neck dissection in, June, 
031-640 

of spinal cord, diagnosis, ^Iprif, 533 
of spine, spinal deformities iii, Ftb , 
169, 175 

Ulna, fractures, in children, Feb , 595 
Uncinarmsis, April, 481 
Ureter, endometriosis, pregnancy ac- 
companying, .Iprif, 5S8 


I'ncacid in l)h>o<l, /Iprif, 477 
I'ritwry tract, tests, /Iprif, 485 
rritie analysis, /Iprif, 48.5 
liiiiiur cells in, diagnostic significance. 
.Iprif, 513 

I'lenis, imersimi. April, 59!)'()10 
trcatmonl, .-Iprif, (>0| 
prolapse, Maiichcster-Fothergill opera- 
lion, June, 8.51 

toLal colpocieisis for, June, 80'J 
Irealiiient, June, R47-S6II 
xnginal hyslercctoniy for, June, 8.55 
vngituil repair with nbdonminl sus- 
pension. June, 849 

Wnlklns-Wcrtheim interposition oper- 
ation, June, 854 

Vsi.iNXL hyslercctomy for probipse of 
uterus, June, 855 

smears, tumor cclU in, iliagnostic sigtii- 
fic.incc, .Iprif, 515 

Vancs^, csophage.il, massive hemorrhage 
due l«, J/vif, 317 

Varicose \ein.s, high saphenous x’cm 
ligation, retrograde injeclioii and 
inuiliple Ion lig-itions, June, 887 
of lower extremity, mniingeineiit, 
June, 8S7-893 

Veins, Varicose, of lower extremity, man- 
ngeinent, June, 887-892 
Veutr.al hernia. rep.dr, Jiiwe, 787-703 
Von llecklinghnuseii’s neiirQfihroin.)tosis, 
spinal deformity due to, Ftb , 171 


Walking iron stirrups in fractures of leg, 
Fth, 11 

^\alkiu.s•Wertheim interposition operation 
for prolapse of uterus, June, 834 
Web, cicatrici.al, correction of, .Iprif, GIG 
Wooilbridge endotracheal tube, June, 944 
Wounds, nbdoinin.al, diagnosis and man- 
agement, dprif, 389-397 
Wrist, amputation at, Fth. 232, 233 
ankylosis, fibrous, maiiipul.ilive surgery 
in, Feb , 251 

Z-OPERsTiox for contracted sc.irs. AvriV 
fil2,GlC 
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INJURIES TO THE PERIPHERAL NERVES AND 
THEIR TREATMENT 

AYinchell McK. Craig and Colun S. MacCartt 

Great advances in the tteatment of injuries of the peripheral nerves 
have come from World Wars I and II- These advances have come not 
through the efforts in any single Geld of medicine or surgery, but from 
the co-operative efforts of biologists, physiologists, neurologists, ortho- 
pedists, neurologic surgeons, plastic surgeons and pathologists. Tlie 
approximation of the severed ends of a peripheral nerve is of paramount 
importance, but coincidental treatment of other component parts of 
the extremities should not be overlooked if tbe maximal recovery of the 
extremity is to be achieved. This concept, developed in the recent war, 
has been carried into civilian practice os one of the truly great advances 
in the field of surgery and medicine. A partially or completely dener- 
vated extremity is incapable of performing normal activities. Muscular 
inactivity, dysfunction and vascular and trophic clianges contribute to 
the discomfort and disability. It is the purpose of neurologic surgery to 
contribute to the restoration of activity and function of the extremity. 

Seddon on the basis of his experiences in 4C0 cases reported that 
clinical manifestations of damage to peripheral nerves may be con- 
sidered under two headings; (l) those due to loss of function and (2) 
those due to perversion of function. In the first, the injury to the efferent 
system, which consists of loss of continuity, results in paralysis of mus- 
cles, sudomotor paralysis and pilomotor and vasomotor paralysis (fig. 
884). In the afferent system tactile sensibility, sensibility to pain] 
tbennosensibility, joint and postural sensibility and deep sensibility 
are lost. In the group in which clinical manifestations show perversion 
of function, the efferent impulses are manifest by muscle twitching and 
spasm, abnormal sweating and vasomotor disturbances. The afferent 
impulses are perverted and show paresthesias, apparently spontaneous 
973 
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pain, pain outside the range of normal experience and abnormal re- 
sponses to heat and cold. 

Seddon suggested also that three types of lesions of peripheral nerves 
may produce the two types of clinical response. The first and most 
obvious one is complete anatomic division of the nerves. The second is 
a lesion in continuity in i^’hich more or less of the supporting structure 
of the nerve is preserved but disturbances of the nerve fibers are such 
that true wallenan degeneration occurs peripherally. The third is a 
transient block consisting of a minimal lesion of the nerve which pro- 
duces paralysis that is incomplete, more often than not and is accom- 
panied by peripheral degeneration : recoverj' to this type is rapid and 

«>^not.or-— Skdetal muaclea 

. r Vasomotor 

r Au-botvcTnic-l Pilomotor 
( Sudomotor 





Fig. 2S4 —Outline of the principal components of a peripheral nerve showing 
the somatic motor component to skeletal muscles, the autonomic motor com- 
ponentB to ins’oluntary muscles and the sensory somatic component. The visceral 
sensory component which travelsby way of the autonomic system to the poilcnor 
root IS not shown (Craig in Walters-bewis Practice of Surgery, published by W. 
F. Prior Company ) 

complete. It is apparent from the physiologic standpoint, as well as the 
clinical standpoint, that the motor and autonomic functions of most 
peripheral nerves are most important. There are, of course, certain in- 
stances in which the sensory components ate far more important than 
the motor components and the loss of the sensory components are far 
more disabling than the loss of the motor components. 

THE APPROACH, CONCOMITANT INJIRHES AND TlhtE OF OPERATION 
In the perfect situation the combined efforts of the various surgical 
specialities result in adequate treatment of injuries to extremities. The 
plastic surgeon emphasizes certain fundamentals involi-ed iti the res- 
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lonjlion of skin, siiljcutancous tissues am! iiuisclcs. The vjiscuhir and 
orthopedic surgeons emphasize some of the fundarnenlnls involved in 
the trcalnicnl of injuries of bones, joints, blood vessels and tendons. 
Learinonlh and ^Ya^acc and JJiJunell were among tlic first to call atten- 
tion to the fact that overlying lis<jues shouhl be restored before surgical 
treatment of some of the perijjhenil nerves is attein{>lcd. Webster, 
Sheldcn, and Ptuicnz rcfcrrc<l to the work of I.earinon(h and Wallace, 
Bunnell and others and einphasizofl the nec<I of a plastic surgical ap- 
proach in e.vposure of the peripheral nerves. Tlicy decried the usual 
linear incision wliich Iransvcrses skin creases ov'crlying joints because 
of tbe disfiguring and disabling scars which may result. They applied 
an S-shaped incision for exposure of ncrs'os, Sclctz in a comprehensive 
study of 1,507 lesions of peripheral nerves cinphaKizctI adequate ex- 
posure and slaletl that the ap})roacli to dee]) lying neri’es should be 
through fa’seini ])Iancs, rather than by penetration of the muscle .sub- 
stance. lie also stalwl that wlicn a muscie must be penetrated, it should 
always be split in the <lircction of Us fibers. When a muscle must be 
divided, it should bo severed at Us tendinous altacliment or origin 
where it can be easily rcpaircil. Shortening of long bones or resection 
of the clavicle should be avoidcil when pos'.iblc. When scars produce 
traction because of inqiropcrly placed incisions over joints, it must be 
remembered that the skin and also the subcutaneous tis.sues and fascial 
layers are involved. 

Elkin and Woodiiall stated that vascular injuries and concomitant 
injuries in World War 11 surpassed that of any other war. They ob- 
sen'cd that with improi’ctl methods of control of shock and infection, a 
greater number of soldiers wiio had such injuries were saved for sub- 
sequent observation, llassivc vascular injuries frequently obscure 
nerve injuries and conversely obvious nerve injuries frequently obscure 
less pronounced vascular injuries. These facts must be borne in mind 
because, as a general rule, all large blood vessels with a few exceptions 
are accompanied by peripheral nerves. The most critical condition 
obviously should be treated first. Aneurysms whether arterial or arterio- 
venous rarely need emergency treatment unless the aneurysm is pro- 
gressing rapidly in size or ha< ruptured or unless heart failure is im- 
pending. Time ordinarily should be allowed for collateral circulation to 
develop. This frequent^' is improved by operations on the sympathetic 
nerves. Complete excision of an arterial aneurysm, for instance, to- 
gether with repair of the nerve at a single operation is really the pre- 
ferred method. 

Spurling'^ from his vast experiences in World War II emphasized 
that there were two types of sutures of nerves which may be carried 
out with regard to time of injury, namely, the primary suture and the 
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delayed suture. Woodhall and Lyons reviewed the result of early nerve 
suture in nineteen separate neurosurgical centers. They concluded 
that the percentage of failures is far greater when nerve suture is per- 
formed at the time of debridement than when it is deferred until after 
delayed closure of the wound. Available evidence suggested to them that 
primary suture was of dubious value at the time of wound revision. 
They felt that suture of nerves performed after delayed closure of the 
wound failed only infrequently and that these failures could be traced 
to two main causes, inept surgical technic and inadequate immobiliza- 
tion or no immobilization at all of the extremity after neurorrhaphy. They 
stated that it iaimpossible to predielinmostcasestheeventual outcome 
in a contused peripheral nerve visualized at debridement. As *a result 
of some injuries neuromas in continuity may develop which may offer a 
more or less complete barrier to regeneration. Even the divided nerve 
majr' be inadequately sutured at the time of injiuy because of the un- 
known extent of neuroma which develops even with good anatomic repair. 
Therefore, three months after iojury is an adequate time to evaluate 
the neuroma in continuity and the neuroma in the proximal stump of 
a severed nerve. At this time proper resection of the neuromas can be 
carne<l out and an adequate approximation of the viable stumps of 
peripheral nerves may be accomplished. 

INJURIES TO THE BRACHUL PLEXUS AND CONTIGUOUS NERVES 

Chronologically the earliest type of peripheral nerve injury is a birth 
palsy due to avulsion of a portion or all of a brachial plexus or its trunks 
during parturition (6g. 385). Adults also may have a stretch injury due 
the effects of sharp blows on the shoulder or side of the head and some- 
times to twisting or circular motion, which put the plexus under tre- 
mendous tension War injuries to tJie brachial plexus are usually due to 
direct penetration trauma. Both stretch and penetration injuries are fre- 
quent in civilian practice. 

Anatomy of Brachial Plexus.— Practically speaking, the brachial 
plexus extends from the spinal cord to the inferior border of the pec- 
toralis major muscle (6g. 386). Usually the brachial plexus arises from 
the anterior roots of the fifth, sixth, seventh and eighth cervical and the 
first thoracic nerves. The outline (fig. 387) of the brachial plexus in its 
simplest form is as follows: The fifth and sixth anterior cervical roots 
fuse to form the upper trunk. The anterior seventli root comprises the 
middle trunk and the anterior eighth cervical and part of the anterior 
first thoracic roots form the lower trunk. These trunks are close to the 
foramina and emerge from under the scalenus anticus muscle or through 
the muscle essentially in the supraclavicular fossa. The secondary cords 
of the plexus pass under the clavicle and arise from these primarj’ 
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Fig 3S5.— The mechanism of avulsion of the brachial plexus, (Craig and 
MacCarty in Waltcrs-Lewis Practice of Surgery, published by W. P. Prior Com* 
pany.) 



Fig. 3S6.— Surgical exposure of the brachial plexus. (Craig and MacCarty in 
Walters-Lewis Practice of Surgery, published fay W. F. Prior Company.) 
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trunks. The posterior cord is formed by the posterior lUvisions of all 
the trunks The medial cord arises from the anterior division of the 
lower trunk. The lateral coni arises from the anterior divisions of the 
upper and middle trunks. The conls terminate as the major nerves of 
the upper extremity. The posterior cord terminates as the axillary and 
radial nerves. The lateral cord terminates as the musculocutaneous 
nerve or nerves and lateral head of the median nerve The medial cord 
terminates as the medial head of the median nerve, the ulnar nerve, 
medial antibrachial cutaneous nerve and the medial brachial cutaneous 
nerve Other secondanlj’ important nerves arise from the roots, trunks 
and cords of the plexus. The fifth cervical nerve sends a branch, the 



Fir ^7 — Tlie brachial plexus and its terminal nerves in outline (Craig and 
MacCarty in Waliers-Lcftis Practice of Surgery, published by W F. Prior Com- 
pany.) 

dorsal scapular nerve, to the rhomboids. The fifth, sixth, and seventh 
cer^'ical nerves form the long thoracic nerve which supplies the serratus 
anterior or magnus muscle. The suprascapular nerve arises from 
branches of the fifth and sixUi cervical nerve and lies on top of the plexus 
until it passes over the scapula to inncrx-ate the supraspinatus and 
infraspinatus muscles. The anterior thoracic nerves to the pectoral 
muscles arise from the lateral and medial cords of the plexus. Ihe sub- 
scapular nerves and thoracodorsal nerve come off of the posterior coni 
to supply the subscapularis muscle, latissimus ilorsi and teres major 
muscles. 

The brachial plexus has many analiumc anomalies The origin of the 
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entire plc\us may be one segment ccphalnd or camlad 'vith llie resultant 
prefixe<l or poslfixc<\ plexus. In eitUer o( Iboe circunxstauccs, however, 
the relative position of the elements of the plexus usually are un- 
changed.*- * ^lost anomalies involve the terminal portion of the plexus 
but occasionally the entire jilcxus may be anomalous. Plexuses in winch 
components were utiitcd to form a single cord have been reporlcrl.'* 
Phylogenelically the median, ulnar and musculocutnncoxjs nerves arc 
closely related ; presumably they arise by evolution from a single jjri- 
mary ventral nerve trunk. This is seen in lower animals, amphibians, 
reptiles and birds. The extensor nerve trunk of these lower animals has 
persisted in man as the radial nerve. Higher in the anitnal scale differen- 
tiation becomes more frequent. It is generally agreed that most anom- 
alies in man arc in reality a partial return to a more primitive struc- 
tural arrangement.® • * Anomalies of blood vessels are fre<iucntly seen in 
association with anomalies of nerves. In our experience at the United 
Stales Naval Hospital, Bethes<la, Maryland, most anomalies encount- 
ered in treatment of the war injuries there, mvolve<l the lateral and 
mctlian cords and their tcrmin.sl nerves. An excellent example of this 
was encountered by one of us (C. S. M.) in which on extra nerve was 
noted coming from the lateral conb On electrical stimulation of this 
exposed nerve contractions were noted in the biceps muscle similar to 
those usually produced by stiimilation of the musculocutaneous nerve 
and in addition contractures were obscrvc<l in the long flexors of tlic 
forearm. This nerve, therefore, seemed to be a combined median and 
musculocutaneous nerve. However, an apparently norinal median nerve 
was observed coming from the medial and lateral cords in true ana- 
tomic fashion and also there was a good musculocutaneous nerve coming 
from the lateral cord. In other words, this type of anomaly might make 
the diagnosis of an injurj* in this region difficult, because, if the median 
nerve had been entirely divided, the patient could still flex the fingers 
and wrists. 

Neurologic Manifestations of Injuries to Brachial Plexus.— ^Yithout 
detailed neurologic description of the various types of injuries to the 
peripheral nerves and brachial plexus, it seems important to outline a 
few fundamental neurologic manifestations of these injuries which are 
indicative of the site of the injurj*. An injury to the proximal portion of 
the plexus, proximal to the dorsalis scapulae or long thoracic nerve, an 
injury in other words, which is at the foramen or is interspinal, results 
frequently in a wing scapula due to paralysis of the serratus anterior, 
rhomboid and levator scapulae muscles. If an injury is in the proximal 
portion of the plexus and involves the lower root to the plexus, Horner’s 
syndrome frequently may be present. This is duo to involvement of the 
first thoracic root and its intrinsic sj-mpathetic nerve supply to the eve. 
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Injurie? to the upper roots and upper trunk of the plexus, peripheral to 
the long thoracic and dorsalis scapulae nerves, preserve the function of 
the scapula and a sving scapula does not persist or exist. However, 
paralysis of the upper arm due to paralysis of the supraspinatus, infra- 
spinatus and deltoid muscles, may result from injury to the supra- 
scapular and axillap}' nerves. This results in inability to elevate and 
abduct the arm. 

Injuries of the seventh ccix'ical root or middle trunk result in weak- 
ness of the extensor muscles of the arm and forearm as the radial nerve 
IS chiefly supplied from this root. 

Injuries to the lower trunk or its components, the eighth cervical 
and first thoracic nerves, result in paralysis involving the lower com- 
ponents of the plexus This will include the hands or distal portions of 
the extremities which are supplied chiefly by the ulnar nerv'e. Horner's 
syndrome is present frequently because of paralysis of the sympathetic 
nerve fibers in the first thoracic nerve. 

For practical purposes the neurologic raanifoslation of injuries to the 
proximal portion of the brachial plexus may be summarized as follows; 
In lesions involving the upper trunk the motor deficit largely results in 
inability of the shoulder girdle to function properly. This is manifest 
by inability to abduct the arm at the shoulder Injuries to the middle 
trunk result in considerable radial incapacity. Injuries to the lower 
trunk disable the hand and forearm. The sensory deficit in these types 
of injuries may be readily appreciated by the accompanying diagram 
(fig. S88) 

Defects in the cords are manifest by paralysis and sensory loss in the 
terminal nerves From above downward then defects of the lateral cord 
result in paralysis of the part supplied by the musculocutaneous nerve 
and the lateral head of the median nerve with associated paralj’sis of 
the part supplied by the lateral anterior thoracic nerve. The lateral 
head of the median nerve in our experience supplies the pronator radii 
teres muscle and the flexor carpi radialis muscle in the realms of the 
median nerve supply. The musculocutaneous nerve supplies the flexors 
of the forearm on the arm in that it supplies essentially the biceps and 
eoracobrachialis muscles. The lateral anterior thoracic nerves are a por- 
tion of the supply to the pectoralis muscles. The resultant paralysis 
from involvement of the lateral cord, therefore, is one of considerable 
importance. Because of the paralysis of the biceps and eoracobrachialis 
muscles there is inability to flex Uie forearm on tlie arm and there is 
paralysis of the pronator teres and brachioradialis muscles and atrophy 
which is noticeable and ch.aracterislic. The weakness of the pectoralis 
major muscle is minimal because of the dual supply from the anterior 
thoracic nerv’es. Sensorj' loss in this type of paraly.sis corresponds to the 
musculocutaneous distribution in the forearm. 
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The medial cord of the plexus supplies the major portion of the me- 
dian nerve and all of the ulnar ncn'c along with the medial antibrachial 
cutaneous and medial brachial cutaneous sensory nerves. As a result of 
paralysis of the median cord, there is complete paralysis of the distribu- 
tion of the ulnar nerve and of the inc<lian nerve except for the pronator 
teres and flexor carpi radialis muscles, llic function of which is pre- 
served insomuch as tlicir innervation is from the lateral head of tlic 
median from the lateral cord. There is also a most disabling median 
sensory loss (fig. 389). Tlic pecloralis muscles are slightly weak because 



Fig. 38S. — Sensory distcibutioa of the roots of the brachial plexus. (Craig and 
MacCarty in Walters-Lewis Practice of Surgery, published by W. F. Prior Com- 
pany.) 


of the medial anterior thoracic nerves which come from the medial 
cord. An injurj’ to the posterior cord of the brachial plexus results in 
paralysis of the axillary' and radial nerves ; the two great extensor nerves 
of the body. One, the axillary', abducts the arm at the shoulder joint, 
the other, the radial, supplies the extensors of the forearm on the arm, 
the hand on the forearm and the fingers on the hand. The sensory loss 
of the posterior cord is the same as the sensory loss to the axillary' and 
radial nerves (fig. 390). 

Trptment of Injuries of the Brachial Plexus.— The treatment of 
injuries to the brachial plexus has always been a confused issue to the 
general practitioner and surgeon who is not well acquainted with this 
type of injury'. In treating traction injuries to the plexus which occur 
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at birth a definite program should be followed. The usual type of in- 
jury involves the upper two roots Occasionally a lower tj’pe of plevus 
injury will occur. Immediately after injury' there is a primary traumatic 
neuritis with considerable lendemesis and pain in the region of the 
brachial plexus. The arm is flaccid Tliis period of neuritis usually 
lasts for the first two or three weeks of life At this point it is imperative 
to stop all motion in the extremity. The best position is abduction of the 



Fig 3S9 — Incision for exposure of the median nerve and sensory piltern of 
median nerve. tCraig in IValtcrs-tcwiB Practice of Surgery puWwhcd by fV. F. 
Prior Company ) 

arm at the shoulder to 90 degrees, flexion of the elbow to 90 degrees, e.\' 
ternal rotation of the humerus until the forearm lies in the coronaJ 
planes, supination of the forearm until tlie palm of the hand faces the 
skull and extension of the hanil, wrist and fingers in a straight line with 
the forearm. This position is best maintainetl by a brace made to fit the 
child When the penoil of neuritis is past, the extremity should be 
moved from its fixed position twire a day, given gentle massage am 
moved passively. WTien motion appears in the paralyze*! cxlremitj, 
muscle training shoulil begin under the expert care of the physicu 
therapist. Operative treatment of this type of injury may be dela 3 
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until maximal recovery seems to have l)ccn rcaclicil. This may he ns 
long as a year after the chilcTs birth. It is indeed a rare occasion when 
these injuries rerjnirc anastomosis of the nerve. Ihey arc for the most 
part stretch injnrics. The most that can be accomplished by operation is 
neurolysis of the stretched roots. 

In treating traction or stretch injuries to the brachial plc.\nses of 
adults, on the other hand, ne arc more inelined to intervene surgically 



Fig 390. — Incision for exposure of radial nerve and sensory pattern of the 
posterior cord. (Craig in Walters-Ixinis Practice of Surgery, published by W. F. 
Prior Company.) 

.sooner because the risk of operation is less and because a maximal 
amount of information can be gained by exploring tlie plexus of adults. 

For other types of injuries to the brachial plexus, surgical procedures 
are indicated only when penetrating wounds of the thorax producing 
massive hemorrhage, pneumothorax or other conditions requiring life- 
saving measures have been cared for; when there is rapid progressive 
recovery after the initial shocklike state which may last for .several days ; 
when vascular insufllciency has been overcome by sympathectomy, re- 
pair of aneurysms, or other procedures; when infected wounds .such as 
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those in cases of osteomyelitis and fistulous tracts have been cleaned up ; 
when grafts have been applied to denuded regions and other plastic 
procedures have been carried out; when it is certain that permanent 
contractures or immobility of the joint will not result when an ex- 
tremity is immobilized for anastomosis of nerves and when eausalgia, if 
present, has been satisfactorily treated by sympathectomy. llTien all 
these conditions have been careil for, the plexus may be explored. 

Injuries lo Radial Nerve.— The radial nerve seems to be injured most 
frequently of all the peripheral nerves. Its fibers arise from the fifth, 
sixth, seventh, and eighth cervical nerve roots as well as the first tho- 
racic nerve It is a more primitive nerve analogous to the dorsal nerve of 
lower animals. It supplies the extensors of the forearm, hand and fingers 
in general The sensory branches of the radial nerve supply the radial 
portion of the dorsum of the hands and fingers except the little finger, 
the ulnar side of the ring finger and a narrow band along the dorsum of 
the forearm. Injuries to this nerve may occur at almost any location, 
but occur most commonly along the shaft of the humerus in associa- 
tion with fractures of the humerus Occasionally injuries occur at the 
upper end of the humerus, at the lower end of the plexus in the axilla 
due lo fractures and dislocations at this site. A rather peculiar injury 
at this location results from pressure from crutches or sleeping with the 
head on the arm or pressure during unconsciousness. The so-called 
Saturday-night paralysis results from sleeping in this manner on a park 
bench When the nerve is involved near its origin, all the muscles sup- 
plied by the nerve are paralyzed. This includes the triceps muscle as 
well as the extensors of the wrist and hand. After fracture of the 
humerus a nerve inj'urj' may be recognized early because of m-istdrop. 
If wristdrop comes on late after a fracture of the humerus, the nerve 
usually has been injured by callus formation at the site of fracture. 
In this type of injury the innervation to the triceps muscle is of course 
spared. Regardless of the cause of the nerve injury in this location 
whether it is from immediate trauma due lo the fracture or whether it is 
secondaty to callus formation, the nerve should be explored and if it is 
severed, an anastomosis should be done. If the nerve is not severed but 
injured secondarily to pressure from the callus, the callus should be 
removed and neurolysis performwl. 

Another characteristic injury of the radial nerve which was seen to a 
great extent during the recent war occurs in the forearm Mayer and 
Tilayfield reported on a series of 58 patients who had this type of in- 
juiy and were treated surgically for the lesion. This is an injury to the 
posterior interosseous nerve or the deep branch of the radial nerve m 
the forearm as it passes around the head of the radius. Tins injury pro- 
duces a characteristic deformity due to paralysis of the extensors of the 
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proximal plialaiigcs of the fingers but with preservation of extension of 
the wrist. The injviry is below the level of the branches to the extensors 
to the n-rist. Extension of the distal phalanges is preserved since this 
movement is performed by the interossci and liimbricalcs muscles which 
are supplied by the median and ulnar nerves. There is also paralysis of 
the extensors of the thumb and abductor longus of the thumb. Great 
care is needed in the exploration of tins nerve between the brachioradia- 
lis muscles and extensor carpi radialis muscles so that the preserved 
motor nerve supply to the e.xlensors of the wrist, the brachioradialis 
and extensor carpus longus muscles, are not injured. Anastomosis of the 
radial nerve is usually a relatively simple procedure and in general the 
results are good. 

Injuries (o Median Nerve.— The median nerve is dcrivetl from the 
sixth, seventh and eighth cervical and first thoracic nerves. In general 
it supplies all the anterior group of muscles in the forearm except the 
flexor carpi ulnaris and an indefinite inner portion of the flexor digitormn 
profundus which may vary with individuals. In the hand It supplies 
the opponens poUicis, flexor polUcis brevis, abductor polUcis brevis and 
the lateral two lumbricales. Lesions of the median nerve effect opposi- 
tion of the thumb and little finger, flexion of the index finger and some- 
times of the middle finger and generally abduction of the thumb. The great 
importance of this nerve is readily seen because in addition to the im- 
portant muscles that it supplies it also carries the critical sensory nerves 
in the hand, it supplies most of the palm and the palmar surface of the 
thumb, first, second fingers and the lateral half of the fourth finger 
(fig. 389). 

Injuries to the median nerve frequently occur at or about the wrist. 
The long flexors to the wrist, hand and fingers are spared. Tardy me<lian 
paralysis or median thenar neuritis is a delayed paralysis due to injury 
of the median nerve at the wrist from the pressure of a hypertrophied 
transverse carpal ligament or from compression of the nerve in the 
immediate vicinity secondary to fracture .about the wrist. This type of 
injury of course is treated by release of the pressure due to the hyper- 
trophied ligament or callus. 

The median nerve also is particularly susceptible to injuiy' along the 
medial aspect of the upper arm along with injuries to the ulnar nerv’e. 
Injuiy to the median nerve at this site may result in paralysis of those 
muscles supplied by the nerve in the forearm with weakness and paraly- 
sis of flexion of the wrist and fingers in addition to paralysis of the 
intrinsic muscles of the hand and the sensorj’ loss already mentioned. 
Because of the overlapping innervation o! the flexor digitonim pro- 
fundus muscle with the ulnar ncr\’e complete median ner\'e paralvsis in 
the arm may be present and the patient may still be able to fle.x all of 
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the fingers at their terminal phalanx except tlie inrlex finger which 
seems to he exclusively innervated by the median nerve. From a diag- 
nostic standpoint this is important. One other fact about the median 
nerve should be mentioned, and that is, that injuries to this nerve arc 
frequently associated with causalgia which is dramatically relieved by 
sympathectomy. 

Injuries to Ulnar Nerve, — The ulnar nerve derives its fibers from the 
eighth cervical and first thoracic nerves. In the forearm as mentioned 
previously the nerve supplies the flexor carpi iilnaris muscle an<l tlie 
medial aspect of the flexor digitornm profundus muscle The ulnar 
nerve in the liand supplies all the intrinsic muscles that are not sup- 
phe<l by the median nerve. This includes the hyperthenar muscles, the 
adductor pollicis brevis, the abductor digiti qiiinti, the flexor digit! 
brevis and the two mediallj' placed lumbricales muscles as well as all 
the intcrossei Therefore, a lesion affecting the ulnar nerve results in 
tremendous weakness of the mltlnsic muscles of the hands but the 
ability to abduct the thumb is spared although there is characteristic 
deforrmty which once seen is never forgoUen The terminal phalanges 
of the last two fingers cannot be flcxc<l properly because of the paralysis 
of tlie outer portion of the flexor digltorum profundus muscle. There is 
wide sojiaration of the thumb and index finger because of paralysis of 
the adductor pollicis muscles. Al)dnclion of the little finger is impos- 
sible and marked atrophy is particularly apparent in the mterossci and 
lumbricales muscles with resultant inability to abduct and adduct the 
fingers The terminal phalanges of the last two fingers cannot be ex- 
tendeil due to the paralysis of the lumbricales muscles. This deformity 
is called ‘‘main eti grille ” The area of anesthesia associated with an 
ulnar nerve paralysis is confined to the fifth finger and the ulnar huU oi 
the fourth finger (fig. 391) . If the ulnar n<;rve vs injured below the elbow 
the flexor carpi ulnaris muscle and flexor digitorum profundus are 
spared The ulnar nerve is frequently inwlvcd in injuries about the 
elbow Many of these result in immediate paralysis and in others a 
tardy ulnar paralysis may come on many years after an injury to the 
elbow. This injury produces secon<lary changes in the internal condyle 
with the result that the ulnar nerve is exi)ose<l to constant trauma in the 
ulnar groove. This so-called lardy ulnar paralysis is easily treated by 
neurolysis and transplantation of the nerve underneath the flexor ten- 
dons on the anterior aspect of the forearm 

Injuries to Other Peripheral Nerves of Upper Extremity.— Of less 
importance are injuries to other peripheral nerves derived from the 
brachial plexus. Among those are the long tlioracie nerve, dorsal scapu- 
lar nerve or nerve to the rhombouls, and the stibscapiil-ir group o 
nerves. Included in this group of course should be tlie musculocutaneous 
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nerve winch supplies both heads of the biceps, the coracobrachialis and 
pari of the brachialis muscles, Injurj* to the dorsal scapular nerve or nerve 
to the rhomboids results in wiiiRing of the scapula. Injury to the sub- 
scapular group of nerves produces little impairment and is usually as- 
sociatctl with injuries to the |>oslcrior cord of the brachial plexus. In- 
jury to the musculocutaneous nerve results in paralysis of the biceps 



Fjg. 391.— Incision for exposure of ulnar nerx-e and sensory pattern of the ulnar 
nerve. (Craig in Walters-Lewis Practice of Surgery, published by W. F. Prior 
Company.) 

and coracobrachialis muscles. However, ability to flex the forearm on 
the arm frequently remains because the brachialis muscle has a <Iual 
nerve supply in most persons. Tlie secondary supply comes from the 
radial nerve. 

INJURIES TO LU.MBOS.4CRAL PLEXUS AND SCIATIC NER\*E 

^^ ounds of the lower part of the abdomen and pelvis occasionally re- 
sult in simultaneous injury to the lumbosacral plexnis. The majority of 
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lesions, however, invoU’e the sciatic and femoral nerves peripheral to 
the lumbosacral plexus. The sciatic nerve is derived from the anterior 
primary divisions of fifth lumbar, first, second and third sacral nerves 
and part of that from the fourth lumbar nerve. The sciatic nerve sup- 
plies the biceps femons, semitendinosus, semimembranosus, all the 
flexors of the leg and the adductor ma^us muscles. It divides into two 
large branches in the lower portion of the thigh ; namely, the tibial and 
peroneal nerves. The sciatic nerve which usually is considered to be one 
trunk actually consists of two distinct divisions in a common sheath. 



Fig 392 — Incision for exposure of the sciatic nerve and its terminal branches 
and sensory pattern of the tibtsl nerve. (Craig in Walter8-I.ewis Practice of Sur- 
gery, published by W F Prior Company.} 

These divisions are the tibial and common peroneal nerves. A stretch 
injury of the sciatic nerve frequently injures only the peroneal division 
because of its peculiar anatomic position. Both divisions are fairly 
fixed at the lumbosacral plexus but the peroneal division is likewise 
fixed at the head of the fibula where it descends into the lower leg. The 
tibial division is not fixed at the knee joint; therefore a stretching in- 
jury or one caused by an explosive force near the sciatic nerve is likely 
to damage the peroneal division and frequently spares the tibial divi- 
sion. The tibial nerve supplies the gastrocnemius, plantaris soleus an 
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popliteus muscles. this nen’c is paralyzed, tlic patient is unable 

to stand on his toes. Generally speaking the tibial nerve supplies the 
intrinsic flexor muscles of the foot. The cutaneous branch of the tibial 
nerve supplies the lateral and posterior portions of the lower third of 
the leg, skin of the heel, and llic me<lial side and the sole of the foot 
(fig. 302). Injury to this cutaneous branch is of extreme importance and 
results in considerable disability due to the anesthesia of the sole of the 
foot. 



Fig. 393. — Incision for exposure of the peroneal nerve at the fibula and sensory 
pattern of common peroneal nerve. (Craig in Waltcrs-Lewis Practice of Surgery, 
published by W. F. Prior Company.) 

The common peroneal nerve descends from the popliteal space and 
crosses the upper part of the fibula. Its site makes it extremely \nilner- 
able to wounds and fractures of the fibula as well as the stretch in- 
juries. This nerve supplies the skin of the anterior and lateral surface 
of the leg and dorsum of the foot (fig. 393). As the nerve passes be- 
neath the peroneal longus muscle it divides into the deep and superficial 
peroneal nerves. The deep ner\'c supplies the tibialis anterior, extensor 
hallucis longus, extensor digltorum longus and brevis, and the pero- 
naeus tertius muscle. These are all extensors of the foot and toes. The 
superficial branch supplies the peroneaeus longus and brevis muscles. 
For practical purposes the severe injury of the peroneal nerve results in 
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the cfassfcaf drop foot type of deformity. Hie sensory (oss as a residt of 
injury to the peroneal nerve is not particularly disabling (fig. S03). 

SURGICAL PROCEDURES AND CONSIDERATIONS 

End-to-end suture of severed peripheral nerves has proved to be tiie 
most efficacious method of trcalinent. Extensive dissection of the nerve 
trunk makes it possible to overcome a gap of as much as 3 to 4 inches 
(7.6 to 10 2 cm ) In this type of dissection great care must bo taken to 
preserve the blood supply to the nerve as much as possible. The longi- 
tudinal blood supply is probably the roost important. After the neuroma 
has been removed, the central stump is cut back until normal-appear- 
ing fasciculi arc .seen and brisk bleeding occurs This bleeding may be 
Controlled by the application of strips of muscle, fibrin foam or gel 
foam with thrombin over the ends of the nerve The end-to-end anas- 
tomosis must be accomplished without tension. This frequently neces- 
sitates, in addition to the rather extensive dissection of the nerve, flexion 
of an adjacent joint Flexion need not be maintained longer than four 
to six weeks and subsequent extension is allowed to occur through 
guarded physical therapy. Pudenz proveil experimentally that tanta- 
lum wire, steel wire, nylon, human hair an<l black silk are among the 
suture materials which cause the least tissue reaction. During the re- 
cent war the line of suture was wrapped m tantalum foil to prevent 
adhesions and distortion of the line of suture. In the presence of in- 
fection, it was frequently necessaiy to remove these tantalum cuffs, and 
Spurling‘* rcporteil that the foil was frequently fragmented. ^Ye think 
that the tantalum cuff does protect the line of suture and possibly is 
beneficial in a clean wound If there u any question, however, as to the 
cleanliness of the wound, this type of protective mechanism is best not 
used. 

Young and Medawar first suggested the use of a plasma clot in re- 
pair of peripheral nerves. This procedure was later perfected by Tarlov 
and his associates'*' and was used in a number of neurosurgical cen- 
ters during the recent w’ar We luave had no experience with this pro- 
cedure. 

Because of the nature of most injuries, there is of necessity frequent, 
though minimal, tension on suture lines. With accurate approximation 
of the neurilemma, with accurate approximation of fasciculi which can 
be accomplished in most nerves by delicate suturing, it is the opinion of 
most neurosurgeons that end-lo-end anastomosis is most effective. 
Studies of degeneration seem to indicate that the earlier the dividetl 
nerve is sutureil, the hotter the chance of a good functional result 
There is, of course, good clinical and experimental evidence to sub- 
stantiate this view. However, durmg the recent war, research indicated 
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tlial delayed suliire might offer better physiologic opportunities for 
regeneration of the nerve. Tissue cultures of regenerating nerves showed 
that proUfcralion of Scliwann’s cells and fibroblasts reaches its peak on 
the uiuelceutU to twenty-fifth days and then falls off to a level nt sixty 
<lays after injury. At the peak there are forty times more cells than there 
are four days following injury. At the end of sixty days tlicre arc fifteen 
limes the number. Further evidence shows that there is a maximal eellu- 
lar activity of tlic central or proximal slump five or ten days after a 
nerve is sectioned. This indicates that delayed suture offers a belter 
cliance of successful regeneration than immediate stiture. Insufiicicnl 


Ulnof* n ITedlaft n. 



Fig. 3']4. — The ulnar pedicle type of graft to overcome a largo defect in the me- 
dian nerve in the forearm. (Craig m WaUcrs-I.ewis Practice of Surgery, published 
by W. F. Prior Company.) 

time has elapsed since these observations were made to provide any 
clinical evidence to substantiate tl«e laboratory data. 

For the most part, nerve grafts h.ave been unsuccessful. This, liow- 
ever, is not entirely trvie. Recently Shclden, Pudenz and one of us 
(C. S. iVl.) reported three ca-Jes in which a pedicle type of graft was 
used (fig. 394). In all tliree ca.ses the median and ulnar nerves were 
damaged extensively. The ulnar ner\*es were used as a pedicle graft to 
fill the extensive defects in the median nerve. The ulnar nerve wa.s 
divided at one stage of the operation proximal to the defects in the 
median and ulnar nerves in the forearm. At this procedure the en(l of 
the ulnar nerve graft at the point of surgical division wus sutured to the 
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proximal end of the traumatically dividefi median ner%’e thus preserving 
the blood supply to the rest of the ulnar nerve which was le/t in its bed, 
At a second stage after the graft Imd theoretically obtained new blood 
supply from the growing portion of the median nerve and after there 
was suflicient evidence by Tinel’s sign to indicate that the median 
nerve nas transversing the ulnar graft, the lower portion of the ulnar 
nerve was freed up and sutured to llie distal portion of the traumatically 
divided median nerve. The interval between the first and second stages 
was usually in the neighborhood of three months. The results in 
these cases were gratifying and indicated that this type of sacrifice of 
an already paralyzed nerve was justified to improve or to obtain func- 
tion in a more important paralyzed ner%'e. The success of this procedure 




Fig 395 — Methods of neurolysis injection of saline solution and splitting the 
fasciculi 


IS dependent on the prcser\’alion of the blood supply' in the neri’e graft 
by using the pedicle flap method. 

Many injured nerves do not require resection of neuromas and sutur- 
ing. These are the nerves which are physiologically disrupted by in- 
trinsic neuromas due to neighboring injut^'. These nerves frequently 
recover after neurol^’sis- Neurolysis may be performed by injection of 
saline solution between the fasciculi of the nerve or by splitting the 
fasciculi with .a razor blade (fig. 395). Sometimes the two methods are 
combined. The exact physiologic event that causes improvement m 
these cases is not completely understood. However, dramatic recoveries 
have been observed by many neurosurgeons who have used this pro- 
cedure on large numbers of peripheral nerves. 
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Any paper dealing with the Ircalmcnt of injuries to nerves would be 
incomplete without mention of concomitant causnlgic syndromes whicli 
arc so dramatically rclieve<l by sympathectomy. The role of this type 
of surgery in reUeving causalgia and increasing the blood supply to 
severely injured extremities cannot be minimizc<l. Indeed, during the 
recent war, it played a major role in the treatment of the injured. The 
advance of this type of surgery was indeed a major contribution to 
war medicine. 


UEHAIULITATION' 

Similarly the term “rehabilitation” appeared during the recent war 
associated with the work of the physical therapist, neurologic surgeon, 
orthopedic surgeon, plastic surgeon and vascular surgeon. The physi* 
ologisl has added the electromyogram to the armamentarium useful in 
diagnosis of nerve lesions and for determination of the progress of re« 
coverv. The study of skin resistance is used to outline sensory disturb- 
ances. AVith these tools the physical therapist directs rehabilitation of 
the extremity. It Is encouraging to sec this type of work being carried 
on not only in the Navy, Anny and Veterans llospitals but also in the 
large civilian clinics and medical centers. 

StlMMAUY 

Injuries to the peripheral nerves must be considered to rank with 
other related injuries to the extremity and adjacent structures. These, 
of course, include injuries of blood vessels, bones, tendons, muscles and 
viscera and particularly injuries of the thorax. An injury of a nerve 
without involvement of other stnictures is indeed rare. Consequently 
the treatment of nerve injuries is complicated and demands the full 
attention of many specialists including, in particular, the neurologic 
surgeon, vascular surgeon, orthopedic surgeon, general surgeon, physi- 
cal therapist and all the other workers in the field of basic sciences who 
have advanced the treatment of nerve injuries through their untiring 
research. 

To understand nerve trauma requires knowledge of three types of 
injury that occur to nerves. The first type is complete anatomic divi- 
sion of the nerve. The second is a lesion in continuity in which the sup- 
porting structure of the nerve is prescrve<l but there is such a disturb- 
ance of the nerv’e fibers th.at true degeneration occurs peripherally. 
The third type is the transient physiologic block <lue to a minimal lesion 
of the nerve from which complete and rapid recovery often occurs. 
Clinically these types of injuries result in loss or perversion of function 
either in the afferent or efferent components of the nerv’e or both. 
Generally speaking, immcilinle su^ical treatment for a divided nerve 
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is unnecessary and in fact may be unsatisfactory. Operation delayed 
up to three months may be more beneficial. Sj-mpatheefomy for vascu- 
lar insufliciency and causalgia may precede operation on the nerve 
itself. ^Ylle^ operation is undertaken on the nerve, certain types of in- 
cisions should be utilized and marked attention should be paid to cer- 
tain principles of plastic surgeiy to avoid scar contractures and still 
obtain a maximal amount of exposure The anastomosis of severed ends 
should be accomplished without tension after the ends have been cut 
back to normal fasciculi. Immobih'zation should be performed properly 
and should not last longer than six weeks Fibrin clot technic is worthy' 
of consideration when practical. Neurolysis is indicated for injuries in 
continuity. 

Postoperative stimulation, active and passive motion, and re-educa- 
tion are exceedingly important. This work of the physical therapist is 
further augmented by his study of the electrical reactions of the muscles 
as they are remnervated which help the neurologic surgon follow the 
success or failure of the surgery. By this means the physical therapist 
can thus advise secondary procedures, anticipate return of function 
and direct the rehabilitation of the extremity 
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TENOSlISri'.NSION OPF.UATION FOU ItF-CUIlUENT OK 
IIMUTUM- raSEOCATlON OF THE SHOUl.HEU 


Atci.vis S. Hknokiihox 

In llic Ailpisl, lOVll i«uc ol Tlif Siirjirnl Clintr.t n/ Snrih AnirriVn, 

1 prcscnlcil iin nrlide nn Hit- IcnoMisiK-usion t)lior.ili<in fiir n-curronl 
disloKvlion of Ihc slimiWrr. Tlic iirt-ioiil nrlick' i< liiiswl on n lollow-np 
ot the palicnls rcporldl on Uicii, iilonR willi n report on ncldilionni 
patients. 

My coUoaKUcs utul I have pcrtoniunl the lcnos\ispchsion opcr.aliou, 
up to June 7, 19 17, on C8 patients, 0 Imvini; iMlalcrnl operations, making 
a total ot 7-1 sliouldcrs operated on. We have been unable to truce 2 
patieivts, cutting the nutnber of operations on traced patients to 72. 

\ complete Tcvic^^• ot tbc literature oii tbe subject of recurrent dis- 
location of tbc sbouldcr, wliile interesting, would not be pertinent at 
this lime. However, 1 shall refer briefly to some of tbe more recent 
articles on the subject. XJtiforhmalcly, many of the reports in the litera- 
ture describe some particular type of operation wilb a report of a few 
cases in which too short a time has elapsed to evaluate the method ad- 
vocated, The majority of the patients who form the background of tins 
paper have been traced over long periods of time, some as long as 
twenty-five years. 

Basing.ray expectations upon out experience with this operation up 
to 1943, w’hcn 90 per cent of the operations were successes, the end 
results to date have not been as satisfactory as I had hoped. This, how- 
ever, is all the more reason wliy my colleagues and I should report our 
cases up to date. NYe have classified our end results as “successes” or 
“failures,” no intermediate status being considered. It is quite true 
that some of the patients whose operations were put down as failures 
are much improved and that some have had only 1 dislocation, some- 
times due to severe trauma, and no subsequent dislocation over a long 
terra of years. These patients are well-satisfied. However, if a shoulder 
has been dislocated once after the tenosuspension operation, we have 
simply classified the operation as a failure. 

In at least partial explanation of the increased percentage of failures, 
it is only fair to state that in more recent years W'e have operated upon a 
number of patients in whom the dislocations were associated with 
epileptic attacks, the initial dislocation not being traumatic in origin. 
All of those who have had any experience with recurrent dislocations of 
the shoulder know that recurrence after operation is more apt to occur 
in epileptics than in nonepileptics. Out of a total of 68 patients on whom 
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I am reporting, 18 were epileptics, 4 of whom had bilateral operations, 
making a total of 22 operations on epileptics. In this communication, 
I shall report on the results of the entire group, including the epileptics 
and, in addition, report the results in the epileptics alone and the results 
in those who had no epilepsy. 

The medical literature is replete with descriptions of a great variety 
of operations for recurrent dislocalions of the shoulder. There are rea- 
sons for this. Recurrent dislocations of the shoulder are none too com- 
mon, and it is rare that any one surgeon has a large experience. Also, 
the recording of long-term end results has been meager, so that the inex- 
perienced surgeon, looking to the literature for guidance, up to the 
present time, hashad very httleaclual data on which to base his choice 
The operations fall more or less readily into four main groups : (I) those 
in which the attack is chiefly upon the capsule, the aim of which is to 
reinforce and strengthen the capsule, (2) those wherein the attack is 
upon the muscles concerned with the function and stability of the 
shoulder joint, (3) those in which an attempt is made by transplanta~ 
tion of bone to form a bone block anteriorly and (4) those wherein the 
attempt is made to provide new ligaments, either intracapsular or 
extrncapsular Naturally, there is a certain amount of overlapping in 
some of the operations described, and two types may be more or less 
combined 


CAPSOLORBHAPHY 

The capsule of the shoulder joint is necessarily a very lax affair. 
Thomas early advocated capsulorrhaphy. On the nhole, this operation 
has not, in the past, given s,ilisfactory results. The tendency has been 
to swing away from capsulorrhaphy to some other procedure, but this 
trend has been reversed lately because of the increasing favor in which 
Bankart’s proceilure is held, AYithout doubt, the earlier types of cap- 
sulorrhaphy M'ere not as thorough as they should have been The type 
of capsulorrhaphy attracting the most attention today is the Bankart 
operation, based upon his claim that a slipping or dislocation of the 
labrum glenoidale is the fundamental lesion and that if the labrum be 
replaced into position, a cure results. Magnuson’s operation is also a 
capsulorrhaphy, except that he combines with his capsulorrhaphy, 
transplantation of the subscapularis tendon from the lesser tuberosity 
to the greater tuberosity 

MUSCLE OPERATIONS 

The pecloralis major, the latissimus dorsi and the teres major are 
adductors and internal rotators. They are inserted into the upper third 
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of the shaft of the Ittjtticrus. When the arm in alHhirteil fnnn tlie viife. 
lhc«o m\i«clrs are ln\U, ]>arlicularly Ihe j>eelnrjiii«. major, ulnrh is nl* 
liichetl to the anterior lip of the Inoipila! pnmve an«l «juile rlosr to the 
head of llic hutnenjs. 'I'his imiselc lem!«« to pnll llie head of llu* humertis 
down and forwanl, nml is verw* jMiwerfiil. The lalisMimis dorsi and tin* 
teres major leml to pnll down rsither than forwnhl wlieti tin* arm is in 
alKlttclion and interna! n>tation, anil tin* head of the luiniertjs is thrown 
forwanl apainsl the nidenor jKirt of the rapsnle, 'Die mnseh's tlial 
hohl thcliead hackwanl are the siiprjisjnnnlus, the infrasjnnatusajid ilje 
teres minor, all cvlennd rotators and alKhirtor'i. 'I’lny coalesce laterally 
and liien po foruanl to he attnciieil to the greater Inherosily at the 
upper pari of Ihe Inunerns jjist lati'tid to the Invid and a hit posterior. 
'Ihe<t* tuuscles do nol form an intimate part of the capsule. 'I'he suh- 
^e!ip\d.ins ninscle is aii irilertial rotator; it arises from the muliT sijr* 
aec of the seapid.j Jind wimls aronnd forward to In'cmne altneiuH( to tljc 
csscr taherosity oa the anlerior Mirfaei* of the npptT jMirlinn of !)ie 
humerus and is an iathnnle p:,f{ <»f the capsule. 

. tv optralioa having to <|o uith imiselcs that uUaimil rnnsiderahle 
‘»\or, uas ihe Clainnoni operation, the ohjeetive of wliieh was to make 
inusra .ir shap to stjp|Kirl the he.id of the Immenis, 'I‘o do this, C'tair* 
on , irouyh a long {)Od<-mIatcrn! incision, disseeleil the povtcrior one 
>rl i or one fifth of the <lcii<dd imisele, frcvnl it nl its insertion, llfletl 
»rmard an<! Ihon lirrmuht it lUronph the axilla hy way of the (pm.l- 
• leml space, pulling, it np p.rward and altaeh'mp it to the mirarniid 
P oecss and the short head of Ihc Inceps. Our experience with this opera* 
joo not good, altlmimlv in the case's in which it w-as xticecsshd, 
full motion. 


TRANSPIANTATION Of ItONK 


Oudard's oiicralion had to do with .splUtin« the corueovd process 
Jppgdudinally and sli.linp the huU downward, markedly IcnplhemnR ii. 
^hus it would prevent the dislocation forward of the head of the hn. 

'nerus. Most of the bone-gruUmgopcralious have lo do with deepening 

of tf’c glenoid fossa by placing a bone block at the nntcro-nifcrior nmrgin 
of the glenoid fossa. Such operations have been described by Ii^ea, 
Speed and Palmer. I have had no experience w'ith the bone-grafting pm. 
ceduros but the reports, particularly a late one by 1 aimer, are 


encouraging. 


ligamentous RBINFOnCESIENT 


LIGAMEN 

Operations employing ligaincnlous 

Joseph in 1017 described an inlra-arlicular iirocc is^ 
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strip of fascia lata, attaching it to the bead of the humerus through drill I- 
openings and to the upper raaigm of the glenoid fossa in such a manner v 
as to make a suspensory ligament. No appreciable number of cases ^ 
were ever reported. 

Gallic and Le Mesurier* in 1927 described a procedure whereby they ' 
used fascia lata to make a dieck ligament which extended from the ' 
outer margin of the scapula just below the glenoid fossa across to the 
humerus well up in the upper one third, the object being to lessen the 
range of abduction and thus prevent futther dislocations. In later re- 
ports they have elaborated upon this operation, making it in addition a 
thorough capsulorrhaphy. A recent report* by them on 175 cases, in 
which only 7 failures occurred, is very encouraging. However, no def- 
mite statement as to the length of time of observation after operation 
is gii’en, and apparently very few, if any, epileptics were included. 

Nicola in 1929'** • reported upon the use of the biceps tendon, wherein 
he severed the biceps tendon in the lower end of the bicipital groove, 
pulled the tendon up out of the groove, and then after scarifying it 
placed it donm ibiough a tdiannel that had been bored through the 
head of the humerus and that emerged in the bicipital groove. Many 
good reports catQc of this procedure early and it attained considerable 
favor, but as time went on more failures were reported. The idea is 
appealing, but one must remember that in only one joint in the body 
docs nature use an intra-articular ligament for support. The so-called 
hg.imentum teres in the hip joint has no ligamentous function at all. 

It merely carries blood supply to the head of the femur. The one ex- 
ception IS the knee joint, and there a special bony arrangement is pro- 
vided. Modifications of Nicola’s operation have been recorded. One is . 
the Itoberts operation, wherein the long bead of the biceps is lifted out 
of the bicipital groove, scarified and sewed back iu the freshened bony 
groove. Thus, the ligament is extra-articular. 

The tenosuspension operation that we have been doing at the Mayo 
Clinic since 192-1 is an extra-articular operation, the attempt being to 
give extra-articular ligamentous support to the head of the humerus 
by providing ligaments that run from the acromion process to the 
region of the greater tuberosity (fig, 39G). M'e have used the peroneus 
longus tendon, thereby justifying the name of lenosuspension. Fasda 
lata could and has been used by us in several cases, but the peroneus 
longus tendon is stronger. Nicola’s operation is in reality a tenodesis and 
is intra-articular. Our operation is a tenosuspension and is extra-articu- 
lar entirely, a free graft being used to furnish new e.vtra-articular liga- 
ments. _ . 

The technic of the tenosuspension operation is simple. The patient 
is placed on the side, between sand bags, with the affected shoulder 


laa’HfinNT on umutuai. dim-otation* or Miorrnrn JW>1 


oppcrinost GfiicnA uncsllirMsi in TJir sVtn 5*t pn-panti in Xho 

onlinarj' manner nnd tlir forearm and liand nn* nr7ip}>e«l in a •sterile 
sheet 50 Uial Uie nrni ran l>c movitl at u*ill. 'rhr lej* <m llie ^imi* ^idr !•» 
preparol from Die knre downnank One of l«ii incllnHK of inei->ion uj 
ihc shoulder may }»c : 1 . ’i'he jvilwr lyjK; of inciNinn may Im’ in.nlr 

wherehy the .skin raft be rcflreiitl away from tlir arj-a lo Ik- cvpo'-eil. 
2. Three or four .sinaU ineisumH, for r\aiii|»lr, two iti frtml nini oneijj 
hack, njay l>o nsotl; parlietilarly in wonirij tin* sjnaller (lie '•ears, llu* 



5-ig. 39Cp Tenilon InjitiK routed tJiroM^tv the ilnU hoIc3 l»y niriins of « M»ccy 


better satisfied the patients will he. Holes arc tiicn drilled through the 
acromion process and through the upper end of the humerus hitcrnl to 
the joint line, about the region of the greater tuberosity (lig. duu;. 
Extreme care must be taken Ihnl the drill used should not bo too arge 
for the size of the piece of tendon lo be inserted. If the ho e is too arge 
and roomy the tendon may fail to grow fast to the ^HiiV 

movement is begun it will slide back and fourth in the dri f ’ 
the tendon will become worn and ultimately it will break, (f 
guide wire is used and over this a cannulate drill is inscrtei .) o aci \ 
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talc drawing the tendon tbrough these rough, bony drill holes, we use 
a Macey tendon puller (fig. 39G). 

Through two incisions, one in the leg and one in the foot, such as are 
represented in figure 397, the tendon for the new ligament is obtained 
from the peroneus longus of the leg on the same side as the affected 
shoulder. The peroneus longtis is exposed at the juncture of the loner 



Fig. 307 —Method of obtaining piece of peroneus lougus tendon (Front Hender- 
son, M,S.1 

and middle thirds of the leg and is out with a step (fig. 397). It is then 
loosened in its sheath by blunt dissection with a curved heniostat and is 
pulled out through a sin.'ill wound on the outer edge of the foot, uhere 
the tendon turns to cross the sole of the foot. Half of the tendon is then 
removed for '.making the new ligament (fig. 397). The remaining por- 
tion of the tendon is then pulled back up through its sheath behind the 
external malleolus and the end is fastened to the upper end of the 
'‘^yulcd tendon. The wounds are closed in the usual manner. 
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After the operation on the shoiiUlcr the nrtn is held to the side for 
approximately ten <lays. After that, minor inovcmenl of tlie shoulder is 
permitted. Abduction to a right angle is not permitted for at least 
eight weeks. If the patient is subject to epileptic seizures, protection 
should be provided even more carefully and drugs should be used 
freely immediately after the operation to ward off .seizures; this treat- 
ment should be kept up for four to six months. 

Tlio success of the operation depends on proper insertion of the free 
tendon transplant. The dissection must be carried through the heavy 
deltoid muscle doxim onto the jieriostcal layer of the bone so that the 
peroneus lougus transplant is deeply placetl and lies directly along the 
bone, thus providing a snug fit. Also, the tendon should be carefully 
scarified. If the dislocation is of the directly anterior type and is easily 
produced, it is doubtful if tins is the operation of choice. It ma^’ well 
be that an anterior bone block should be used. Neither is the operation 
suitable for the shoulder that lends to liccoine dislocated posteriorly. 
In such instances, posterior capsidorrhaphy is the operation of choice 
and is satisfactory. It is possible Ibal a certain percentage of the dis- 
locations which occur among patients with epilepsy arc directly an- 
terior; in those cases if Icnosuspensioii is used, llie tendon, e.spccially 
the po.sterior sling, must be deeply and snugly placed, as bas been 
mentioned. 

REPORT OF DATA ON 6S PATIENTS 

In llie August, 1943, number of The Surgical Clinics of North Amcr‘ 
ICC, I reported on 51 patients on whom my colleagues and I operated 
by the tenosiispension method for recurrent dislocation of the shoulder. 
Up to June 7, 1947, wc had opcralcil upon 17 more patients, bringing 
the total to G8 (table l). There were 55 males and 13 females. Tlie 
average age was 28 years; the oldest patient was C4 years and the 
youngest was IG years. There were 74 shoulders operated upon. There 
were 7 patients who had dislocations of both shoulders, G of whom had 
bilateral operations. The average duration of the recurrent dislocations 
was 5.2 years; the longest was 20 years and the shortest was 6 months. 
The number of dislocations per patient varied but several had had 100 
or more The results of 72 operations were definitely known; 2 patients 
could not be traced. In the series there were 18 epileptic patie '4 
whom had both shoulders operated upon, giving a total of 
tions with 12 successes (55 per cent). In the nonepileptics 
50 operations in traced patients, with 39 success - o 

ing the group as a whole, including those with e 
out, there 'were 72 operations in traced patients, 
per cent), none of the patients being observed f 
half years and some being followed for more th 
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TABLE \ 

Data on 68 Patients B’ho Undkhwbvt the TEtfOstBPENMON Operation 
fOR DrSLOCATIO.V OF THE ShQULDER 
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Operation 
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Result 
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30 
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20 
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41 
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8 
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13 
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25 
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3 
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TABLE l~Continued 
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TABLE I 

Data on OS Patients Who UsDEnwEST the .TExososPENbioN Operation 

FOR I>I8LOCAT!OS OF TUB SHOULDER 


Casp 

Age 

and 

Sex 

Occupation 

Initiat Injury 

Xhslora- 

Operation 

Shoul- 

der< 

Adrctec 

Dale of 
Operation 

Years 

o( 

Ohser- 

Result 

J*) 

3lM 

Npm 

Epileptie eeizure 

30 

lA<t 
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Hou»<.\'if* 
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32 
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None 
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in 
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years, and laic failures have been faithfully included in this scries. 
Too often a reported series has not been follows cd over a sufficient length 
of time to claims made. On review of the literature, I believe 

that some of the hone-block procctlurcs should he more seriously con- 
sidered. It is ejuite clear from ourcxpericncc that the tcnosu‘<pension oper- 
ation in epileptics docs not give good enough results to justify its use 
according to the present procoiiurc. Some other more radical procedure 
that may entail more restrictive mobility of the .shoulder than does the 
tenosuspensjon operation probably should be used. ^Yhile Uie majority 
of the failures occur within the first year or two after the operation, 
nevertheless, failure may occur five years or later after the operation. 
This series is not large and u few cases cither one way or the other alter 
the percentage of .successc.s and failures materially. This experience, 
however, is sufficient to c.stahlish the lenosiLspension operation as a 
worlli-nhile fundamental proccilurc, as staled previously. 
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TRAUMATIC DEFECTS OF THE NOSE AND CHEEKS 


Joiix B. Emeu 


Every traumatic loss of tissue about the nose and cheeks produces a 
a defect which always is conspicuous and often is unsightly. It is a 
rare exception to find a person with such a defect who surveys it with 
indifference. On the contrary*, practically everyone aflllcled with a loss 
of tissue in the regions under discussion is extremely conceme<l with 
the deformity and is particularly eager to obtain some form of plastic 
repair. Any analysis of available surgical technics, sshich are designed 
to correct or improve such defects, is lacking in completeness if it 
neglects to include methods both of immediate care and of delayed 
restoration. 


\Yhen a small portion of skin about the nose or cheeks is missing 
after a recent injury, the margins of the defect occasionally can be 
deeply undermined by sharp dissection, which permits satisfactoiy ap- 
proximation of the edges of the wound. When the loss of tissue is of 
any appreciable size, however, such Ircalmcnl can result only in much 
distortion and disfigurement; in these cases, the immediate application 
of a skin graft is an excellent procedure, provided that gross contamina- 
tion is not evident. If the denuded region is not too large, a dissected 
dermal graft from the posterior auricular region is desirable because the 
color and texture of the skin obtained in this situation vorv closelr 
resemble that of the face. However, when a large graft is required, 

.s forced to resort to the employment of a dissected or Thlerseh trans 
plant taken from the arm, thigh or trunk. The act of adapting a dermll 
graft to a region recently denuded of skin usually meets with coudder 
able success, and thus scarring and distortion are prevented wh^k 
inevitable when such a wound is left to become eoilh f I ^ 
taneously. In badly contaminated wounds, of omrse sk T"' 
should not be considered. Instead, warm dressines .1 ’ 1 1 u 
and the transplantation of skin should bo deferred unl^fh ' 
has entirely disappeared. infection 

In employing a free shave or full-thiekness ,kio . 
factors contribute to the success of sucli graftinir M 
hemostasis and immobilization of the m-aft “S'^Psis, 

ternal dressing, my colleagues and I usually leal ‘n'™ ‘"I “ 
anchor the graft to the margins of the defect , ™ "’'‘rfi 

can be tied over a bulk of gauze or cotton. This echn r® “ 
he immobilization of the graft and in the L,. 
hematomas. Full-thickness grafts are inlav tmn'^'l ™>>Mqucnt 

J iransplanl, and must h„ 
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orbital flap and the midline sicikle'shaped flap are reserved mainly for 
total reconstnictiou of the nose or for repair of the nasal tip. 

The sickle-shaped temporal flap (fig. 407) is the most useful of the 
forehead flaps for repair of partial defects of the nose and cheeks. This 
graft gives a verj' good cosmetic result and leaves less visible scarring on 
the forehead than is produced by any of the other forehead flaps. This 
sickle-shaped temporal flap can be extended back into the scalp to give 
It any desired length ■, it makes use of the bay of skin on the side of the 
forehead which is the most inconspicuous area on the forehead. llTien this 
flap is transferred to a defect, and this applies to all of the forehead flaps, 
the denuded donor surface on the scalp and forehead is covered with a 



Fjg. 407.— Sickle-shaped temporal flap. The flap has been brought to repair 

• - • 1 » . j — tUn Ilia hppn onvered 


thin shave skin graft. Such a free graft protects the denuded surface and 
prevents infection and the development of granulations and scar tissue. 
Three weeks after the flap lias been transferred, it can he cut across just 
above the reconstructed area and the unused part returned to the scalp. 
Before the pedicle can be sutured back in the original donor site, the 
underlying free skin graft must be excised, leaving only a small portion 
on the forehead. Peculiarly enough, the donor area of a sickle-shaped 
temporal flap tends to shrink and contract while the pedicle flap, after 
it has been transferred, tends to elongate. Consequently, when the un- 
used part is returned to the scalp, its length appears to be greater than 
it was originally. As a result, a very small amount of free shave skin 
graft is left on the forehead. 

A temporofrontal flap has a limited degree of usefulness but is to be 
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orbital flap. As a matter of fad, the forehead usually will afford no more 
thau just enough tissue to construct a whole nose without including 
hair-bearitig skin. ^ 

^Yhen merely the lower third or tip of the nose is lost, the raidhne 
sickle-shaped flap (fig. 4ll) is ideal because only a small amount of skin 
free of hair is necessary to reconstruct the lost portion of the nose. 
Under such circumstances, the midline sickle-shaped flap is to be recom- 
mended since it will leave less visible scarring on the forehead than would 
a loop-shapetl supra-orbital flap. 


Fig 410 — a, Defect involving a loss of the greater part of the nose. 6, Nose re- 
constructed by means of a loop-shaped supra-orbital flap 


These two types of forehead flaps require considerable time in prepara- 
tion and several stages in elevation in order to insure an adequate blood 
supply. The edge of the distal portion of the flap always is folded as is 
illustrated in figure 412 to form a columella and nostrils. By this process 
the lower lialf of the newly constructed nose is lined with skin. Whether 
or not the upper half needs to be lined with a free skin graft depends on 
the size of the nasal defect. If so, this free graft should be applied to the 
undersurface of the flap in the first stage of its elevation. 

A reconstructed nose or nasal tip should be made somewhat larger 
than necessary to allow for subsequent shrinkage. Three to six months 
after the nasal reconstruction has been completed, the excess fat should 
be excised to effect a better contour. This can be accomplished by in- 
cising and undermining the skin over the dorsum of the reconstructed 
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ofbital flap and the loidline sickk-shaped flap are reserved mainly for 
total reconstruction of tbe nose or for repair of tlie nasal lip. 

The sickle-shaped temporal flap (fig. 407) is the most useful of the 

forehead flaps for repair — j-j — i__rr* • 

graft gives a very good cosn 
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Fig 407 -Sickle-shaped tein 
a defect on the side of ibe nose. "J 
with a shave skin graft a, Shav 
Will be cut across and replaced ii 
to its ongmal bed, leaving only 5 


thm shave ikin graft Such a 

prevents infection and the d - 

Three weeks after the flap >i) 
above the reconstructed areal . 

Before the pedicle can be sil 

underlying free skin graft \ 

on the forebead. Peculiarly enouglT, tbe^onor area of a sickle-sbap^ 
temporal flap tends to shrink and contract while the pedicle flap, 
it has been transferred, tends to elongate. Consequently, when tbe un- 
used part is returned to the scalp, its length appears to be greater than 
it was originally. As a result, a verj’ small amount of free shave skin 
graft is left on the forehead. 

A temporofrontal flap has a limited degree of usefulness but is to be 
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tube flaps tio have the disadv<Tntngcs previously described, they also 
have the advantage of sujjplying enough tissue for almost any type of 
reconstruction about the face and supply both fat and, skin. Occasion- 
ally, the Joss of an entire cheek requires more tissue than could ever be 



The lower extremity of the tube flap, which has 
^ f ° prepared, is partially elevated and lined with a shave skin graft. 
tVif. form the lining for the reconstructed part. 6, Ten days later, 

it>f. of the cervical tube flap is elevated and attached to the margins of 

rm right side of the nose and cheek, c. Two weeks later, the tube is 

j j.. ^ ay across at the outer margin of the defect. This incision is sutured 
^ ^ later, the unused part of the tube is detached from the reconstructed 

pari and also from the neck and discarded. 

procured through a flap on the forehead and scalp, and in these situa- 
lons a tube flap on the trunk becomes essential. The one great advan- 
«‘ge in a tube flap on the neck or chest or trunk lies in the fact that scar- 
ring at t e donor site is not visible when the patient is clothed. Under 
or marj circumstances, only one end of a tube flap is employed for re- 
cons ruction. However, it is not uncommon to employ one end of the tube 
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flap for repair of that portion of the defect involving the nose and the 
other end of the flap for that portion on the cheek 

Cervical and clavicular tube flaps can be considered together because 
they are employed for the same purpose They supply tissue for smaller 
defects about the nose and cheeks A cervical flap (fig. 413) has the 
advantage of reaching directly to the defect but has the disadvantage of 
leaving visible scarring on the side of the neck when the patient is clothed. 



Fig 414 — Clavicular tube flap for the repair of a nasal defect The tube flap 
is elevated just below the clavicle Pour to six weeks later, the mesial end is de- 
tached and brought up to the nasal defect This form of migration is necessary for 
a short tube in order that it can be elevated to the facial defect. 

On the other hand, a clavicular tube flap (fig. 414) is too short to reach 
directly to the defect ; one end must be attaclied to the side of the neck 
as an intermediary stage before the other end can be detached and trans- 
ferred for the reconstructive process. In consequence, a clavicular tube 
flap requires an extra four weeks’ time in preparation. It has the ad- 
vantage, however, of not leaving visible scarring when the patient is 
clothed, as does the cervical tube flap. 
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llEKnv w. Mbyebcso «,i, \. Cyk,,. W.m.v,, 

Our inlcrcsl has rcccnvly l>ccn tVircciol lo r.- . 

for arrchedc, o[ thepalicnt tobatcpone,l«„l,hui It' T„ f 
edge, no case of nonunion ol Die lihial .snino has 1 J..' 
the ununilcd fragment o{ several years’ slaniline 1 "t 'Oiieli 

ferf by means ol a beet-bone screrr. While ii, X'uA," n 
in the latter part ot the mnclecntli eenluiy. the first case in n'l 
rep aeement and fixation ot the fmgmenl sras carricl 
m 1007 by Pringle. lYith the inerting use ot rl™, 
juries ol the knee joint, the eondilion is laiing more treq ,en"tl’v 'T 
The anterior cruciate ligament is attached to liri„lc^,^“"""'' 
miraediatcly anterior to the tihial spine Avulsion of ,, "rea 

hgainent at ib interior attachment Ly involve atml roTur.T'-'’'’ 
tibial spme Fractures ot the spines have been elassffieif in 
categories depending on the extent ot the injiirv nnd ti.e « • ‘r 

fo btt'rttmtt'll' Uie •■«P'ocen.cnl ot llie-hony'fm^;'n" 

demoXrSl for‘e::XH„Tr'‘- 

anterior cruciate ligame^ nmuW ‘>><= 

eminence. FtaeturL“tl in>«eondyIar 

ful torsion ot the knee and Snrott oHh “ 
fenloral condyle. The more serious avulsion fr'’'r' 
juries such as might cause a nipture ot the ant ' ' " 

The treatment of the eonditbn 
advocate closed reduction and raanlnuhalt"‘^“" 
fixation in this position. If the frame T .’1'” e.'itension, and 

should he opened and the tragmLs" Joint 

menls m 2 eases. Lee reported 4 ease e “>o 'tag- 

formed and the fragmmts ,eplacI'‘™j’';''‘‘,'’P'''teduetionwaspei 

through drill holes extending to ih^J"'* Ity suture passed 

son recommended open reduction and Ander- 

fracturcs. In simple fractures of ,h^ 'tafpnenl in avulsion 

would suffice. MacAusiand fixation in hypercxlension 

^ dvocated open mluction by means of a 
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Fill. 417.— (I, I’rvojH’iHtlve lalernl vipw shmvhiK avulsiou of n inirt nf uupfv 
condylar omiiw'nco wUh epiiio. li, rcislojvriUlvo niUoropostonor vlow 

pluiwinK aviiWotl fiapucut roplawl ami lu'Ul i«i imwUIou with u I'OoMiono j«i.‘iv\y. 
e, Anteroposterior view twelve j-oara after oiH*r«tion, show Ihk absorption of semv 
and union of the fiactitiw 

of loose bone with the anterior criicinte li>;ameJjl attaehctl was i>b.«erveilv 'IKc 
fragment, J by J by J inch (1.3 by 1.8 by O.tt em.), was prt\seu(, as well as foitr 
pieces of l>one whidi wvrv' JyiuR bvosc; the largt'st of the latter was \ by ■j\ u 
(0.(5 by O.o em.) and thus logi'llier with the smaller pieet's was removetl. ’1" 
fragment of bone on which the crucinte Ugameul was inserted was ftesheue,' - 
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the cavity from which it had been pulled loose was gently cuj>etted, the fragment 
was rcj)laced m its normal bed and a beef-bone screw was inserted which 
held the fragment and cruciate b'gament firmly in position (fig -117, b) The 
knee was moved from full extension to 80 degrees of flexion without displace- 
ment of the replaced fragment There was roughening of both condoles m the 
region of the intercondylar notch which was secondary to irritation from the loose 
body; the semilunar cartilages appeared to be intact. The convalescence was un- 
eventful and on the twenty-fourth postoperative day the cast was removed and 
the wound was found healed The sutures were removed and a cast re-applied 
from the ankle to the groin with the knee in extension The patient was dismissed 
on July 1, 193S, and advised to bear some weight on the leg She returned on 
August 7, 1935 (two months posloperatively), at which time the cast was re- 
moved and roentgenograms were taken. The posterior half of the cast was then 
apphed as a part time splint, and she was advised to have quadriceps exercises 
and to massage the knee 

The patient continued to have some pmn in the knee and returned to the 
Chnic a year later The range of motion was C5 degrees of flexion from full exten- 
sion The knee was stable in all directions The roentgenograms showed union of 
the fragment and absorption of the bone screw. She received physical therapy for 
four weeks and the flexion increased to !K) degrees. 

Three years postoperatively, she was seen again, at which time she had no 
complaints except that flexion was limited to 00 degrees She could walk up and 
■ own stairs without difficulty There were some hypertrophic changes now seen 
^ the roentgenograms of the knee Twelve years postoperatively, the patient 
^ , V83 seen again and at this time she had no pain in the knee. There was full exten- 
«*inn and 75 degrees of flexion Stability was good The roentgenograms showed 
osteoarthritis in tlie knee joint (fig 417, c) 

COMMENT 

It has been our practice to treat avulsion fractures of the tibial spine 
by rest and plaster cast with the knee in full extension. In case of an ex- 
tensive comminuted fracture and failure of union, we believe that an 
open reduction and internal fixation is advisable in order to remove loose 
fragments of bone and firmly fix the ununited tibial spine to the tibia. 
At the time of operation, .sLx years after the fracture, there was already 
evidence of roughening in both condyles of the femur; subsequent hyper- 
trophic arthritic changes with lack of full flexion were anticipated and dis- 
cussed with the patient postoperatively. 
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SPONTANEOUS AND TRAUMATIC LYMPH FISTUUS 

Data on <10 Cases 

Edwakd S. Judd, Jil and .Tmjks T. Nix 

Recent advances in physiologj* have broadened our a|iprceiatjon of 
hmph function and lymph loss. Tlic «IevcIopment of injjuhud lymph 
fistulas in 2 postoperative patients on the ser^dcc of one of us (E. S. J.) 
stimulite<l our interest and prompted this study of a much ncpleclctl 
sut^cal complication. Delaile<l reports of these S c.'i«es follow*. The case 
numbers correspond to those in the Inhlcs. 

REPORT or CASES 

Case SO. — A 4S'ycar-oId housewife was admitted to t!ie hospital for tljc repair 
of htlalcral femoral hernias. Tliere was bilateral enlirgcment of the inguinal 
nodes, the nature of which remaine<f obscure. Uiopsj* of these nodes at Uie lime 
of bilateral femoral herniorrhaphy revealed mflammalorj' tissue. On Uic eighth 
postoperative day, thedcrmalsutures were removed. In probinga fluctuant swell' 
ing beneath the left femoral incidon, approximately 100 cc. of a clear, light yellow 
liquid was evacuated. The total protein content of this fluid was 3.8 gm. per 100 
oc. yet it failed to clot on standing. A similar colleclton was noleil beneath tlie 
right femoral Incision. The daily drainage gradually lessened in \-olumc and 
finally ceased in ses-cn weeks. Tlu’s anoovi'ng leakage of Ijnnph ran its own course 
and seemed refractory to treatment. 

Case 40. — -V 72-year-oI<J woman was admitted to the liospital witli a diagnosis 
of kraurosis sulvae. SLx months pnor to her initial clinic visit, she had received 
eleven roentgen treatments for the same condition. Vulvectomy and dissection of 
the left inguinal nodes were performed at the clinic. Tlie opcralh’c specimen, e.x- 
amined by frozen section technic, was diagnosed as mclano-epitlielioma of the left 
side of the >*ulva with metastatic spread to one inguinal node on the left. On the 
ninth postoperative day, the dermal sutures were removed and the incision wa-s 
probed, with the release of 200 cc. of a clear, pink fluid. The volume of drainage 
was estimated as 100 to 200 ca daily for the first week. Drainage continued for 
more thanamonth. The fluid contained4.lgm.of total protein, S.Sgm. of albumin, 
1.4 gm. of globulin and 0.21 gm. of fibrinogen per 100 cc., yet it failed to clot 
on standing. Conservative treatment had Kttlc effect on the duration or severity 
of this complication. 

REHEW OF PERTINENT LITERATURE 

Function of Lymph, — The investigations of Starling, in 1894 and 
Drinker” in 1940 have done much to establish the role of lymph in the 
body economy . They said that the degree of concentration of lymph pro- 
tein is related to the capillarj* permeability of the part or organ <Iraine<l, 
1035 
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and maintained that the chief function of lymph was the removal of ex- 
cess blood proteins from the tissues Furthermore, they showed the rel.a- 
tionship of water balance an<l edema to this function and its derange- 
ment. In addition to a role in salvaging protein, the lymphatic circulation 
has been conceded a role in the extrahepatic origin of globulin Blood 
protein is supplemented with globulin that is formed m the lymph 
nodes’^' and carried by tlie lymphocytes-*-*’’ Antibodies® and 
enzymes*® have been reported in a concentration proportional to the 
protein content of the particular sample of lymph. The protein of intes- 
tinal lymph is thought to aid in the emulsification of fat ” The lymphat- 
ics of the liver are behoved to be a conduit for both newly formal and 
storal protein *’ Intestinal lymph becomes chylous in the fat-fed animal, 
indicating its role in the absorption and transport of neutral fats, fatty 
acids and esters.*® 

Circulation of Lymph.— Certain cold-blooded animals, like the frog, 
have lymph hearts to assist in the movement of lymph ’* By contrast, in 
man the lymphatic circulation is nidimentarj’, and many factors combine 
forces for the transport of lymph through the valved lymphatics ; these 
factors include arterial pulsations, muscular activity, intestinal peristal- 
sis and changes in intra-abdominal and inlrathoracic pressure In addi- 
tion. tin rate of lymph flow s'aries with age,'* size,’* hydration/® cxer- 
*isc,'® digestion,’® anesthesia,** hemorrhage,*' hypoproteineima,*® venous 
'/and .irtrnal pressure,*' shuck,*® anoxemia** and so forth. 

Figure 418 illustrates Uie pattern of the sulxliaphragmatic lymphatics 
and the blending of visceral, parietal and peripheral lymph in the cistcr 
lull pool Tlie cisternal pool is evacuated via the thoracic duct. The liver 
and intestines contribute 95 per cent of the volume of thoracic 
duct Ij mph .-Vs the opportunity to coiled thoracic duct lymph in man 
presupposes disease or laceration of the duct and its environment, data 
on the rate of lymph flow in the thoracic duct of man arc more likely to 
represent values in disease th.an values in the normal. Nevertheless, ex- 
ceptional circumstances allowal Crandall and co-workers in 1943 to 
.study thoracic duct lymph from a patient hospitalized one hour subse- 
quent to a superficial neck injury. In carefullj’ controlled stutlics, the rate 
of flow averagal 0 93 cc. per minute, was unaffected by skeletal muscu- 
lar activity but showed a thrcc-fold increase after meals. This patient 
still registered a weekly weight loss of 5 pounds (2 3 kg ) when she was 
on a high caloric, high protein diet. 

Retrograde Flow of Lymph.— Tlie main lymphatic trunks are connected 
by a maze of interlacing collaterals. \Mth lymphatic obstruction, the 
circulation of lymph may be retn^rade and paradoxical.*® In 

this connection, Blalock and co-workets in 1930* and 1937* demonstrated 
the enormous regenerating capacity of the lymphatics. Blalock and co- 
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workers^ were successful in blocking ike iilxloiniiuil lyinpluilics in only 0 
of 52 (logs. The remaining animals gave evulcnce of a rerouting of .s\ib* 
diaphragmatic lymph ihrough collateral channels and lyinphalicjovcnous 
communications. Freeman in 1012 expressed the belief that these couv 
municalions were a normal pari of Ihc lymphatic sy.stcm. Lymphatic 
obstruction may be produced by the repealed injcclious of irritants.** • '* 
lYith stasis of lymph, there is marked growth of fibrous tissue’* and a rise 
in the proteiu content of this static lymph. 

VISCERAL parietal# PERIPHERAL 



Fig. 418. — Cisterna chyli. Piagrammatic reprcsealation of the collection, 
blending and evacuation of subdiaphragmalic lymph. 

Lymph Fistula.- — This complication has received little consideration 
but has been given m«any names such as lyinphorrhagla® and lymplior- 
rhea.*’ It is a recognized complication of filarial elephantiasis with 
lymphatic obstruction” and has been reported after accidental*® and 
surgicah . is . .s , 4. trauma to the thoracic duct. In animals, lymph fistulas 
liave frequently been produced but as yet have never been maintaine<l 
for more than two weeks. From studies made on dogs, Howell in 1914 
found a prolonged coagulation time for chylous thoracic duct lymph, and 
Brinkhous and alker in 1941 discovered that specimens of thoracic duct 
lymph had lower values for fibrinogen and prothrombin than did control 
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specimens of plasma and hepatic Ij-mph, Drinker and co-workers in 
1934’* '* collectetl li-njjili from the extremities of dogs which had experi- 
mentally produced elepliantiasis, 'This lymph had an increased protein 
content, as did si>ccimens from 4 patients with elephantiasis. Drinker 
ami Yoffey’* in IQil found that the protem content of lymph from a 
cannulatetl lymphatic of the extremity of a liunian volunteer was approxi- 
mately I per cent. Harkins and Sebug in 1D42 reported a fistula of non- 
clnloiis penplieral lymph from dantagoil inguinal Ij-mphalics after liga- 
tion of a .saphenou-j vein Drainage of sex'cra! hundred cubic centimeters 
per <lay diminished gradually and ceased sjxmtaneously in throe months. 
Allen an<i co-workers in 1045 observixl this complication 15 times in 404 
patients with interruptions of the femoral vein. The recent report by 
Fij.Ubiick in 1947 of prolonged leakage of lymph from the operative site in 
3 p.ktlenl.') after ligation of the greater saphenous \’em has attracted wide- 
sprcinl attention In these 3 cases drainage continued for three weeks, 
three nionlbs and fourteen months respectively. 

'['he treatment of l\ mpU fistulas depends largely on their cause , how- 
e>er, mjuic principles in their pre%*ention and management apply equally 
well to 111 ) tyj>cs Most current authors advise that an injured lymphatic 
Iw tre.ito<! like anj injured vessel by repair of the defect,’ hgation of the 
* » niphat i< implantation of the lyrophalic into a vein,® or the application 
' geifoam'* <»r oxjcel* to the site of leakage. In addition, many 
^writer’-' * *’ atlxisea tight closure of the overlying tissues without drain- 
age aiitl wiih a pressure dressing. Dnnker and YofFey in 1041 proposed 
that the Ireatiueiit of lymph fistulas follow physiologic principles As the 
lucf .kkI ^llte^tlne^ make the mam contributions to thoracic duct lymph, 
these atilhof-. w<iu!<l place the patient on a fat free diet and otherwise 
.iKempt ttJ limit penstulsi!. .ks lymph flow h at a minimum in a resting 
extremity, tlies would treat u lymph fistuUia the inguinal region by e!e- 
\atiug the leg and appijing a compression dressing. In the event of a 
hccondarj jirocwhire for repair of a lymph fistula, they suggested that 
the site of binpL leakage be iocahxed by injecting a dye (T'182i, tryp- 
blue) Hilo the of Ihe cxlremity oo the inroU'Cti side. JJ,v' w'ay 

of prevention, Baronofskj m 1948 advocated routine ligation of the af- 
ferent inguinal b mphatic-s during dissection of the inguinal nodes. 

PItESE.VT IKt'ESTIGATION 

The records of the Clinic were resaewed in the search for proved clini- 
cal instances of prolongctl lymph leakage. It was our hope that acritical 
analy.sis of collected data on a series of cases might clarify the question 
of the cau‘-e, and simplify the proWem of the diagnosis and treatment, of 
lymph fistula. 
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lymph- 

angioma 

Recurrent lymphan- 

gitis Cured hy ex- 
cision and fulgura- 
tion 

1! 

194J 

135M 

[ L kidney 

Chylous 

4 mo. 

Chyluria 


i: 

• 194- 

J35M 

1 

[ Abdomen, 
scrotum, 
penis, II. 
thigh 

Clear, 

chylous 

25 yr. 

Diffuse 

lymph- 

angioma 

Cured by excision and 
skin grafting. Re- 
ported by Ferris and 
ilolmes 

i: 

194: 

3 2SF 
5 

' R. labia, 
vagina, 

L leg 

Clear 

23 5T. 

Diffuse 

lymph- 

angioma 

Recurrent lymph- 

angitis 
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TABLE 1 — Continved 


£ 1 

■s j 

1 

Fistula* 


I Diagnosis 

1 1 

1 

5 “ 


j Site 

I.ymph 

Dura- 
, tion 

1 itemarks 

1 

H2SF 

194G' 

L leg 

! Clear 

‘ O >T. 

i Diffuse 
i lymph- ; 

' angioma J 

Congenital lesion 

15 

1940 

51M 

Both kitl 
nejs 

Chjlous 

2 mo 

[ Chyluria 1 

L’nne coagulated Total 
urinary hpoids, 0 077 
gm per 100 cc. 

1050M 

1947 

L kidney 

Ch>lou.s 

10 \T 

Chyluna 

Total urinary lipoids, 
0 9^S gm per 100 ec , 
total hlooil lipoids, 
0 650 gm per ICio ce 

17 

1''17 

.'’.M 

It thigh, 
L scro- 

Clc^r 

10 >T 

' Simple 
lymph- 
angioma 


IS WF 
l'M7 

It tliigti, 
It leg 

Clear 

1 JT 

Congenital 

lymph- 

edema 

Itccurrcnt lymphangitis 


' Multiple onlices were present id each case 


I'iiis report embrnccs dnta on 40 cases of lymph ii'tulas encountered 
' • 'I 1008 through 10 IS. TliC'e eases were gathered by screening recorris 
I variety of <liagno«es As a result, some eases may have l>een mUsed ; 
•iin iiKirc were <li«canlcd for lack of positive icJcntifieation of the dis- 
. h.irge as Ij niph rurtlicrniorc, as one would su«pcct from the northern 
itnation of the Clinic, none of the lymph fistulas in tliis scries occurred as 
a complication of fil.iriasis. Conseiiucntly, since only these fistulas have 
l»ecn provctl b% pathologic examination of the lesion and chemical studies 
of the fluid exudate, only IhcNC csi'CS have lieen selected. 

Classification of Lymph Fistulas.— Lymph fistulas may be classifietl 
comenicntly as to their mode of onset into .vjwntaneous and traumatic 
ty jics. 

Spontaneous L'jmph Fittidns (table I). — ‘ITierc were 18 ci'^es of this 
type in our scries In 17 of these the lesion was sulKliaphragmalic, being 
locates! within the distribution of Uie thoracic duct. Eacli of these 18 
fi'tulas had multiple orifices. 'Hie duration of the fistulas rangcsl from two 
months to twenty -five years Ly7nph was clear in 8 ca.sc5, chylous in 6 
and mixeil in 4. The fact that in JO cases there was chylous or mlxol 
lymph dniinage was evidence of the rctrognnle circulation of lymph. Of 
the 13 patients with ly mphangioma or lymphedema, 8 gave a history' of 
recurrent ly mphangilLs. Seldom did spontaneously occurring lymph fis- 
tulas clo^c spontaneously*. Kather, those fistulas tended to .spread to 
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TABLE 2 

Thaumatic Iami-h ri'vTfiAs: 22 ScLrcTEi) Ca^fx EvofNTKiir.i* at thk 
CuNic (190S Tiittocuu 1Q1&> 


C»«e 

ARf 


listula 




Trauma 

\Mr 

anii 

S«* 

Site 

Lymph 

Orifices 

Dura- 

tion 


19 

1919 

62 M 

I. »i(l(' (ifi 

Clrtif, 

ehj- 

1nu« 

Single 

S mn 

1 

I’pitheliimia of 1 
i J. eheeV >le. 
i lutvii to rrr 

I'fieirntfiil erci«ion of ej.i- 
! theli.ims Ii-tiiK M 
lourd r»ri*'*'n <»f n r\ lonl 
nnd«. May3. 1919 

TO 

1919 

3ir 

L Ut 

Clear 

Multiple 

1 <»« 

Congrnilal l>m 
pliedetna 

KondnliHin oienition'*, 

1 July 2f. 1919 

2\ 

19TO 

1 

' 1 

1 L »t3e ul 
neck 

1 Cbyloos 1 

Single 1 


Wiaryng'vJ^l'Ii- 
ageal diiertic- 
uhim 

in V'li aUgc-e, 

Ntiv. 26. 1919, and Dee 
3. 1919 pjiontaneoiis th>- 

Biire 

« 1 
I92S 

32F 

L thigh 

Clear 

Single 

In,. 

Congenital l>m- 
pliangioma 

lleeiirrrnl lympbsngitis 
Lairion May 22. «926 

S3 

19S7 

aoF 

I< thigh 

1 

Clear 

! 

Single 

iRM 

Inflammatory 
l> inphedrina 

Knndoleon oi»ration'*, U. 
tbigh and I'K, Feb 7, 
I9n 


■ 




■ 

Lymphedema 

Inei>!ons for drainage {<>r. 
formed eUewhere at 
monthly mtersals 

SS 

1930 

18M 

L thigh 

Cbj loiM 

Single 

2 IT. 

Diffii*e lym- 
phangioma 

Sirurlt by petlal of ma- 
chine, 1929 Oi>erationon 
L inguinal region pier- 
formed eisrsthere May, 
1930 Drainage, lto2 gal- 
lons a day 

26 

1931 

SOM 

Penu, 

scrotum 

Clear 

Multiple 

3>t. 

Lym phedema 

Bilateral diseection of in- 
guinal nodes for gonor- 
rhea, 1900 

27 

1932 

53M 

Anterior 
abdom- 
inal «al{ 

CbjIoiH 

Single 

1} mo. 

Chylous lym- 
phangioma of 
the abdomen 1 

Recurrent lymphangiiu, 
partial excision and 
drainage, June 22, 1932 

2S 

22F 

R.leg 

Clear 


2 mo 

Inflammatory 
lym phedema 

Kondoleon operation”, 
3Iar 16. 1931 

29 

1936 

2731 

S<Totum 

Clear 

Single 

3tno. 

Obstruction of 
abdominAl 
lympliatm. 
Cbyloua a.s- 
eites. R. in-' 
guinal bemia ' 
Bilateral hy-| 

Eaeiiioo, plastic repair of 
scrotum, r-epair R and 
L. hydrocele and R her- 
nia, Oct 29. 1936 

30 

1937 

41F 

It. side of 

Clear 

Sin^ 

1 mo 

Simple lym-' 

phano'otna 

F.xcwion, jug'iHr vein hgi. 
tioo,0«.2. im 
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m2 


year 

j -'w 


Fistuli 

~ ^ 

1 



Site 

1 1 yrnph 

OftSen 

Run 



31 

1?3S 

5or 

n thi»u 

CWr ' 

Sin^ 

14 IDO 

Upodyetropby 

j Kondoleon operation", 

1 M»y 25, 1935 

J! j 
l«3S 

23M 

j Ampule- j 
rliimp, j 

I. nit*hj 

Clear j 

j ^fulliple 


Fiiiromyxomt- 
comm of t 
tl>i(b, laflam- 

.StDpulmtiOD, excimun of 
li inguinml node*, Oel 

I, 1933 

13 ' 

ajF 

R pnplit- j 
, ml fo6m j 

Clear j 

S.n«le 

2>no 

Lyoiphnlemii 

Kieision, Maeey c^ralion, 
SfaySt, I«39 


1 

Tligmb j 

1 

1 

33 mo 

LyiDpbeilesnm 

1 

Ftcuion, Slaeey operation. 
Xoi 29, IfSS Cund liv 
eicitmn asd aLm Kraft 
with celluloidm tubea 
lIrpoHed by Mmod mod 
Alfeo 


m 

1 («t 1 

Clf*r 

1 Pil>|le 

imo 

Simple lyiB- . 

phlBCTOOI* 

F-ieiaion. Auk Hi 194Q 

■ 

Ml 

It umi 1. 1 
isiruin«I ' 

Cle&T 

1 MulliHe 

Imo 

CiUlerU irut- 
er upbenoum 
rmricmiliee 

UtatioB of buth crester 
laphenou* leituii Jan 
22, HD 

*- 

i'i 

1 Antenur I Clijlmw j 
1 etNli'm- ^ j 

\ • 

I Multiple 

tmo 

Cbylout c>tt ol 
•Momen. 
lymphknp- 
ectwis of okll 

Fiatulat dexelupeJ at iitea 
of manupialilation. 
nilit.Xev 30. IH5,lc(i. 
Dec S(, Ifff Reporteef 
by DeaVire and Judd 


M 

L lACUl 

1 I<«1 t«- J 

(loo , 

< l«»f 1 

Pintle 

1 mo 

Diffuse tym- 
phrniKiomm 

Conteeital Eiruioa, 

lymphangioma drained. 

Mar 9, 1945 

I'ji' 

; «F ' 

, R eml L 1 
1 lomiinal ; 

1 

Mnltiple 

1 

1 

2 mo 

Hilsteisl fem- 
on! beriums 
RiJsten) in- 
cuiomi lym- 
pbmdrnopmthy 

' Bilateral femorat bemior 
rhaphy Bilateral ingui 
nal node biofcy, Dec 31, 
iSt; 



1 L intui- ' 
(ipn j 

Clear 

SlOflA j 

1 


Jldeno-epitlie- | 
iunnm of L i 
t-tdic. metam- j 

idcuiRbI Bode 

! Left auJvettoiny, eacia'on 
j cf left Inguinal node', 

1 Mar H. 1915 


other locations. A cure followwl excision in 3 inslanccs and a Kowioleon 
ojwniUon** in I instance. 

Traitmalic Lyinph Fixiulas (table S) — There were 22 of these cases. 
’ * , * • ’ Tf, 13 a single orifice was present 
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from one month to lliree yenrs. The lymph %vhs dear in 17 caves, chylous 
in 4 ami mi\'e<! In 1 . llic panwlo\ical circulation of lymph was confirmcsl 
hy U\c coUcClion of chylous sj>ccimc«s from the panclal and {KTiphcral 

TABLE 3 


The Tat akd Protein Covtest or 15 SreaMEss or Hi man Lvsii’h 
An'alvzed at TifE CuMc (190S T/inot rsu IDIS) 


Sprci- : 

\esr 

Di»Enmi4 1 

1 

Mode of 
Collection 

r,.5“U 

, . per 100 ce. " 

Ljrjnpn 

Cianty r 

Ploo.1 1 JHood j. 5 , 

Scruri ^ Scnim ‘ 

1* 

1930 

ChjI'ithoras 



4 9 


1 0 tn 2 0 



Chylolbor»x ) A%p>r*ie<) 

Cbylotn ‘ 



2 0«5 

3 

IPU 

Oijltxborsx 

A*r«nile«| 

Cl.jlwe 4 S 

3 3 

0 <63 

2 ?7 

i 

194) 

Chj lotlioro* 

Aoptrecetl 

thyloii* 2S 

1 0 

0 42$ 

I 213 

5 

1945 ' Cbj'lolborar * A»pir*Uyl 

i'liylotM 4 S 

3 S 

0 <57 

1 ?n-i 

• 

1947 

Ch>luthorat 

.)*(>inife<l 

Chyfou* 

3 r 


0 44« 

7 1 JDI7 


A«pin(»l 

CJtyl'nu. ' 8 1 

3 6 

0 835 

1 S72 

S 

1923 

Chjlow^ 

A»pitnte<l 

t’hylou* 

3 4 


3 


1937 

Ch)lcma vcitM 

AipintMt 

Ch> loua 1 

3 S 


0 Kt 

10 

1944 

Oij’lou* Mcitn 

A<ptrate<l 

ci.> i«u* : 4 8 

3 0 


i 1S3 

n 

1941 

Chyloirt CJI4 of 

.\a|iira(etl 

Cbjhus , J 

i .1... 


1 247 

121 

1946 

Chylous cjjt of obdo- 

free flow 
Hlaiaupiat- 
tMlion 

Chjioiw < 5 9 

! 

3 8 

0 523 

3 591 

13 

194$ 

Infuinal (yropli SUiib 

Free flow 

Clear j 

J. 



H 

!94$ 

Inguinal lymph fiatula 

Free flow 

Clenr j 

4 I 



15 

1930 

Lower ettremrty 

hmpb fiatuU 

Free flon 

Ch)(ou^ 1 


0 517 

0 810 to 1 390 


• Reported by Olsen and nil*ort. 
t Reported by Harrington and GaBshorn 
} Reported by Beshrs and Judd 


lymphatics in 3 cases. Of these 23 patients, 6 had lyniphanfiioina, 7 liad 
lymphedema and S had malignant neoplasms with inflammation 
or metastasis to the regional nodes. Cliylous cj'st of tlie abdomen, lipo- 
dystrophy, pharyngo-esophageal diverticulum, obstruction of tlie ab- 
dominal lymphatics, femoral hernia and greater saphenous varicosities 
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were the imJication for the primary operation in 1 cast: each Tlie Initiat- 
ing trauma was surgical in 21 of the 22 cases Lymph fistula followed 
evcision of a lymphangioma in 5 oases, incision of a lymphangioma in 1 
case, a Kondoleort operation in 4 cases, a Macey operation in 2 cases 
cveision of l3’mph nodes in 4 cases, nmlc biopsy m I case excision of a 
pharyngo-osophagoaldiverlicnUim in 1 case, plastic repair of the scrotum 
m I case, greater saphenous ligation in 1 case and ninrsupiaiizahon of n 
chylous cyst of the abdomen in 1 case. Traumatic K mph fistulas cnin- 
mouly occurred through a surgical incision and showesj a lemicncy to 
close spontaneously’ 

Chemical Observations on Human Lymph (table 3) — Lymph from 15 
patients seen at the Clinic from 1003 through 1948 was analyze<l for fat 
and protein content The results of these analyses support our belief that 
II more complete knowletlge of the clicmislrj’ of human Ij'mph would aid 
m the recognition o! lymph fistulas Tlie records of these 15 patients con- 
tained information on the total fat content in 13 cases and the total pro- 
tein content in 12 oases In tlie C instances in winch control studies of 
liloo<l protein were done, the protein content of blood scrum was appre- 
ciably greater tlian that of lymph, wliilc in 5 of the 0 cases in u hich oh- 
servalions on the total fat content of blood scrum and chylous 
Ismph were lande, the total fat content of lymph was two to six 
tunes that of blooil scrum, Nonebylous lymph was anal^’zeil in onli’ 3 
instances 

Miscellaneous Ofaserva(ions.-~In the course of this review, only 4 
cases were found In which injnrj’ to the thoracic duct was recognized at 
the time of operation In each instance the duct was laceraltti but not 
several in the course of block dissection of the left side of the neck (3 for 
metastatic malignant lesions and 1 for tuberculous nodes). Tlirough 
lateral tics the openings were closcil without obstructing the thoracic 
ilnct In no instance tlid a lymph fistula develop 

CONCLUSION'S 

The disc records of 40 patients with fistulas that ilischarged clear aii<l 
chj'lous b’tnph, cncountcrcil nl the Clime from 1908 through 1948, sup- 
port the follow ing observations on Ij roph fistulas ; 

1. The incidence of this oomplicatton is greater than the small size of 
this senes would lead one to believe. Fistulas of clear peripheral lymph 
from the cervical, nxillarj' and inguinal lymphatics have seldom been 
rccognizcil and have frequently passed as “serous drainage.” 

2, These fistulas arc always annoying and occasionalK* disabling. 

S. Classifio! as to clinical onset, they may be sjxmtaneous or trau- 
matic. 

4. • ' ''’mph fistulas arc usually assoeuted with advanced 
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lymphatic disease and clinically dcmonslmhle lymph stasis. Tlic lymph 
cx\ulcs from mwltiplc orifices to give u weeping surface. Uecurreut 
lymphangitis often is notc<l, llie underlying lymphatic disease tends to 
spread, and spontaneous closure of the fistula is unusual. Surgical mcas> 
ures directcsl at the underlying lymplialic iliscasc are occasionally of 
value. 

5. Traumatic lymph fistulas often follow surgical procc<luros for the 
rehef of stasis. However, they also occur after surgical procetlurcs in the 
vicinity of large lymphatic trunks (neck, axilla niid inguinal region). 
These fistulas arc most frcqucnlK' single and occur in the line of incision, 
usually at a tlraiuage site. They close sivjutancously in most instances. 

C. Spontaneous lymph fistulas are usually longer in duration ami more 
refractory to treatment than are traumatic lymph fistulas. Both types 
are commonly locatcil below the lUaphragin. 

7. Clear lymph may he identifieil by a protein content that is lower 
than that of serum. In addition, the fatcontentof chylous lymph cvcectls 
that of blood serum. 

8. It seems that prophylaxis is the bc^l treatment. 

9. Wlien lymphatic injurj* is rccognawl, repair or ligation of the duct 
and as’oulancc of drains appears to be the mclho<l of choice. 
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OPEN-FLAP AMPUTATION 

Joseph M. Janus and AEritEo E. Jackson 

Ampulatioii is as old as surpcrj*. The practice of anipulnlion probably 
arose thousands of years before the birth of Christ, but no record was 
made o! it until tlic liai)yloninn era. Many niodihcaVions mid improve- 
ments in the technic of amputation have been made since that lime. 
Prior to the sixteenth centurj*, the caiitcrj* was the only means of jirc- 
venling bleeding. In the sixteenth century, Parc inlroducxxl the ligature 
Tor lying olT major vessels. Tho use of the tournifiucl was introduced in 
the seventeenth century, but it was not until the nineteenth century that 
anesthesia was introduced.* 

Although the cauterj*, ligature, louriiu|ucl and anesthesia have done 
much to lower the mortality of anijuilalions, sepsis of the wound has 
continued to he a major factor in the operative risk. In the carlie>t am- 
putations, no attempt was made to close the wound, because sepsis was 
inevitable. By allowing the wound to heal by second intention, many lives 
were saved. Even following the introduction of asepsis by Lister, sepsis 
continued to play an important role in the risk of an amputation. The 
discovery and use of tho sulfonamide drugs, penicillin, slrcplornycin and 
other anUhiotics also have failed to prevent sepsis of the amputation 
slump in many eases. It is our feeling that the open-flap amputation is 
an adjunct in the armamentarium of any surgeon who performs amputa- 
tions in cases in which infection is inevitable. We claim no originality in 
performing this type of amputation. Its use has been advocated by sev- 
eral Jiuthors’ and it has advantages in certain cases. 

Closed amputation, that is, amputation in which the wound is closed 
immediately, may be successful in carefully selecletl cases; however, 
failure is attended by such serious consequences that this tjqie of ampu- 
tation is contraindicated in eases in which infection is almost inevitable. 
It is likely to result in cellulitis, osteomyelitis, or gas gangrene, which will 
endanger the patient’s life or result in the loss of an additional portion of 
the extremity. Langdale-Kelham and Perkins said: “The clos^ type of 
amputation should only be done : (a) after severe trauma, before infec- 
tion has had time to spread up the Hmb (the usual limit is six hours from 
the accident) ; (b) after sepsis has completely disappearecl ; and (c) 
where there has not been any sepsis.” In 1043, Bickel and Ghorraley re- 
ported 103 cases of occlusive arterial disease in which a total of 110 closed 
amputations were performed below the knee. The results of the amputa- 
tions were satisfactory' in a largo percentage of the cases in which the 
involved portion of the extremity was not grossly infected. 

1010 
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Althougii the flapless or guillotine amputation* • ^ has been used for 
centuries, it was not used extensively until ^Yo^ld War I. xMthough this 
type of amputation has proved effective in controlling sepsis and has 
doubtless saved many lives, it has manj' disadvantages. Some of these 
disadvantages are as follows: (1) The wounds heal slowly; (9) an ex- 
cessive amount of scar tissue forms at the distal end of the slump; (3) 
rcaraiiutation usually is necessary before a prosthesis can be fitted ; (4) 
TABLE I 

Indications for Open-flap Aupctatiqs 

I Traumatic wounds. 

A Extensive wounds of extremities which are more than six hours old and 

have severed an artery 
B Gas gangrene of an extremity. 

II Obliterative diseases of arteries 
A Arteriosclerosis obliterans 

1. Extensive infection of a foot, with or without gangrene 

2 Acute, fulminating ascending Infection. 

3. Septiceima secondary to infection of a foot 

4 Gangrene of 1 or more toes associated with absence of pulsation in the 
dorsalis pedis artery 

5 Lymphangitis secondary to locaUzed ulceration or gangrene m a 
pulseless foot 

6 Prolonged chronic infection of an extremity. 

B Thromboangiitis obliterans 

The indications are the same as they are in arteriosclerosis obliterans 


III Miscellaneous conditions 

A Ulcerating malignant tumors 
B Chronic infection of a useless extremity. 

1 Extensive osteomyelitis in an extremity m which a nerve has been 
damaged irreparably 

2 Decubitus ulcers and cellulitis of the foot of a paraplegic patient. 

3 Overwhelming cellulitis or lymphangitis of a congenitally m-alformcd 
extremil). 

C Overwhelming infection of an extremity of a diabetic patient 
D Severe third-degree burns, or gangrene resulting from exposure to eoM 

some tyjie of skm traction is necessary, and tliis can be maintained only 
with miicli effort on the part of the surgeon and the patient, and (5) the 
postoperative pain and discomfort arc mucli greater than they are after 
a closed amputation has been perfomictl The indications for open am- 
putation are listed m Lnble 1. 

TECHNIC OF OPEN-FLAP AMPUTATION 
Tlie surgeon first should decide xrherc he is going to divide the bone. 
It is a goed plan to measure the length decided upon with a steel niler, 
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aiul to mark the skin by scratching it with u nmllc. Planning the skin 
flaps is the most important part of the ol>eration. 'J'liis sliould be done 
after careful deliberation, for much of tlic palicnt’s future comfort dc- 
I)cnds on the production of a scar which is linear, which does not contain 
any folds, wliich is so situated that it will not be subjected to pressure, 
and winch is freely movable.* The skin flaps shoul4l just meet, and they 
will do so if their combincti length equals the dianicler of the limb, 'i l>c 
skin flaps are cut so that they will be of equal length, since a terminal 
scar is not objccVioTinWc ns niDst nttificinl do uoV exeTt pressure ou 
the end of tlic stump. 

The muscles and fascia arc divulcil lialf the diameter of the limb proxi- 
mal to the distal ends of the skin flaps. The large vessels are locale<l and 
doubly ligated with no. 0 braided silk. Shortening of the main nerves 
helps to prevent them from becoming adherent to scar tissue and to llic 
skin. They should not, however, be subjeclcil to excessive traction. It is 
advisable to approach the ner\*es by piirling the muscles. The main 
nerves are not ligated unless they biceil. They are cut with a sharp knife; 
they never should be crushwl willi a Iicniostat. Alcoliol should not be 
injcclcd into the nerve, 

The bone is sawed through at the same level at which the muscles were 
divided. In cases in which the amputation is performed below the knee, 
tlie fibula is severed about 1 inch (2.5 cm.) proximal to the point at which 
the tibia is severed, in order to prevent the 2 bones from becoming united. 
The tibia is bevelerl anteriorly. If the amputation is performed in the 
thigh, the periosteum is not disturbed ami the femur is dividetl at a right 
angle to the shaft. 

Every bleeding point must be lied. No. 000 plain catgut is used for 
ligating minor vessels. A roll of petrolatum gauze which has been impreg- 
nated with 5 gm. of sulfathiazole and 50,000 units of penicillin is placeil 
transversely in the wound. The skin flaps arc drawn over the roll of gauze 
and are held in place with a single suture (Gg. 419, a). A modification of 
the Sir Robert Jones dressing (fig. 419, b) then is applietl in the following 
manner. Sterile, dry gauze is placed next to the wound. This is covered in 
turn with abdominal pads, sheet wadding, sterile absorbent cotton, eider- 
down and elastic bandages. This massive dressing absorbs any secretion, 
prevents flexion contractures, and is comfortable for the patient. Three to 
five days later, the patient is relumed to the operating room, and the 
dressings and the roll of gauze are removed with the aid of anesthesia. 
If thfere is evidence of infection, the wound is treated as an infected 
wound until the flaps can be closed safely. If there is no evidence of in- 
fection, the flaps are closed immediately. Only the skin and subcutaneous 
tissues are drawn over the bone. The subcutaneous tissues are closed 
with interrupted sutures of no. 00 plain catgut; the skin is closed ^ith 
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CLINICAL CONSIDERATION 

Eighteen of tlic palicnts were males and 6 were females (table 2). 
The ages of the patients ranger! from 15 to 79 years, and the average age 
Was approximately 54 years. In 11 of the 24 cases, the patients were more 
than 60 years of age. The occupation of the patients was not significant. 
Eight of the patients were farmers, 7 did sedentarj’ work, 5 were house- 
wives, and 4 were laborers. 

The indications for the amputation, the site of the amputation, the 
type of anesthesia cmiiloycd, the significant laboratorj' findings, 
and other clinical data arc smninari?e«l in table 2. Roentgenograpluc ex- 
amination «lisclos(Kl calcification of the lilootf vessels of the alTectod ex- 
tremity in 13 cases, osteoporosis in 4 cases, ami malignant destruction 
of the tibia and fibula in 1 case. 

Preoperalive Treatment.— In 4 of the 24 eases, amputation was neces- 
sitated by trauma or by a complication resulting from trauma (table 2). 
Therapeutic doses of tetanus anlUoxin and gas gangrene antitoxin were 
administcrctl in 2 of the 4 cases. Gas gangrene developed in 1 of the 2 
eases in which the antitoxin was adminisiered. 

In 17 of the 24 cases, amputation was performed because of arterio- 
sclerosis obliterans or ibromboangiUis obliterans (table 2). In all of these 
cases, the patients were treated intensively on the medical service before 
amputation was pcrformotl. Tins treatment inoludeil local and general 
measures to prevent the spread of infection and gangrene. An effort was 
made to improve the circulation of Ihc affected extremity Preg.mglionic 
synipalliectomv was performed in 2 of the 17 cases. Amputation was not 
pcrformwl unless gangrene was spreading or unless infection could not be 
conlrolle<l by medical treatment. In these 17 cases, the period of hos- 
pitalization before amputation was performwl rangwl from six to forty- 
one days, the average being 12.5 days. 

Diabetes mellitus also was present in 6 of the 17 cases It was con- 
trolled by regulation of the diet iind by the administration of dextrose 
and insulin * 

Postoperathe Treatment.— Tlic postoperative treatment w’as essen- 
tially the same as that which wasemploj'ed before the amputation. Peni- 
cillin was administered intramuscularly in doses of 30,000 \inits every 
three hours until the temperature returned to normal and remained there 
for forty-eight hours. A high vitamin diet was prescribed, and sedatives 
and ferrous sulfate were administered. Anticoagulants w'ere administered 
in some cases. If diabetes meiiitus was present, the diet was controlled 
and adequate doses of insulin were administered. On the twelfth day 
after the flaps were closed, the dressing was rcmove<l and a smaller one 
applied. 

Results.— All of the patients survived the amputation. The time re- 
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quiml for healing rnngc<l from seventeen to slxlj'*five ilays, the average 
being S3.3 ilays (table 2) . In 3 eases (eases 11, 12 and 15), tlic wonnil did 
not heal by iirimary intention. In the first of lhc.se cases, rcclosnre of the 
flaps resulted in satisfactory healing. In the second case, healing occiirre<l 
after a split-skin graft was applic<l to a large graixulnting surface. In the 
third case, the wound henle<i by granulation and left a <lcep scar on the 
stump. 

In 1 ease (ease I), a uwUetatsal auxputaUoa (ChopatL’s amputation) 
was performed because the patient insislc<l on amputation at tins site. 
The e<lges of the skin of the flaps liccamc gangrenous and it was neccs- 
sarj’ to perform a second amputation al>oul C inches (15,2 cm.) below the 
knee. In another case (case 8), a chronic ulcer dcveloj)c<l over the distal 
end of the tibia and a revision of the slump was necessary. After revision 
of the slump, healing occurre<l by first intention. 

At the time of closure of the flaps, cultures of the wound were made in 
n eases (eases 7, 8, 0, 10, 11, 15, 1C, 18, 90, 22 and 94). In 9 of lliese 
cases (cases 7 and 8), the cultures were ncg.alivc. The following micro- 
organisms were produce<l by culture in the remaining ca.ses: Streptococ- 
^cus faccalls in ease 9, aii aerobic spore-forming micro-organism in case 
10, Clostridium perfringens in case 11, Staphylococcus in casc.s 15 and 10, 
Streptococcus faccalis and Staphylococcus aureus in case 18, Escherichia 
coli in case 20, Aerobacter acrogcncs, Pseudomonas and Proteus in case 
22, and Streptococcus faccalls and Coryncbnctcrium .xerosc in case 24. 

In the cases in which an upper extremity was ainpulatctl, the palicnU 
were permitted to get out of bed within twenty-four to forty-eight hours 
after the flaps were closed. In 19 of the 21 eases in winch a lower extrem- 
ity was amputated at the thigh or about 6 inches (15.2 cm.) below the 
knee, the interval that elapsed between the closure of the flaps and the 
time the patients first were permitted to walk on crutches range<l from 
seventeen to fifty-eight days, the average being 31.5 days. In 2 of the 21 
cases (cases 14 and 29), tlie patients did not walk on crutches prior to 
their dismissal. In case 14, the opposite lower extremity had been am- 
putated previously. The patient in this case was permitted to be up in a 
wheel chair on the twenty -third day after closure of the flaps. In case 22, 
the patient had a fracture of the femur of the other leg. 

In 1 ease (case IC), hemorrhage occurred just before the flaps W’ere to 
be closed. The bleeding was controlled satisfactorily at the second stage 
of the operation. In 2 eases (cases S and 17), delirium developed on the 
second day after the primary’ amputation but disappeared before the 
flaps were closed. In I case (case 18) a lipoid granuloma developed in the 
buttock at the site of injection of penicillin. The granuloma was excised, 
and healing occurred by second inlenllon. Coronary occlusion developed 
in 1 case (case 20), but responded satisfactorily to medical treatment. 
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REPORT OF CASE 

Casf: 2-2.— a boy, aged 15 years, was rcfcrml l« Ibc Clinic on November 10, 
1918. lie ^\as admitted to tbc hospital immwliatcly. He lia<i been Ihro^ii from a 
liorse on October 19. His left tliigb bad struck a tree, and be bad lande<l on bis 
right knee. He had been taken to a hospital where examination had disclosed a 
fracture of Uie shaft of the left femur ami a fracture of Uie upper part of the right 
tibia. Tlirec days later, the fracture of the left femur had l)ccn reduced by open 
operation and a metal plate had been mscrlc<l to maintain reduction. After tlie 
wound had been closed, a single spica cast bad been applied. At the same lime, an 
cxjdoratory operation on the right knee had disclosed Uiat "tbc nerve was Intact 
but slrctclicd.” The surgeon had told the patient that the circulation scemctl In 
be impaired. A long cast bad been apjdicd to ll\c right lower extremity. 

^Yilhin forty-eight hours after Uic oi>eraHon, the right toes and fool had bc- 
,coine cyanotic. Ice bags had been applic<l to the fool, penicillin had been admin- 



Fig. 423. — Infection and gangrene of foot rcsuUine from traumatic occlusion 
of the poplitc.at artery (case 22). 

istcred, and supportive trcatmeul, including transfusions of blood, had been 
employed. In spite of this therapy, the condition of tlie right foot had deteriorated 
progressively. The cast had been removed from the right lower extremity. Fever 
had occurred daily, and he occasionally had had a chill. 

\Micn tlie patient was admitted to Uie hospital in Rocliester, he was still en- 
cased in a single spica cast which extended to tlie ankle on the left side. He com- 
plained of pain and loss of function in his right foot. His temperature was 100 4“ 
F • ! ■ I ■ 

rlor mstaomty o! the right knee. The leukocyte count was 19,300 per cubic milli- 
meter of blood, and Uie value for the hemoglobin was 10 5 gm. per 100 cc. of 
blood. The urine was normal. A fiocculation test did not disclose any evidence of 
syphilis. A roentgenogram of tlie tliorax was normal Roentgenograpluc examina- 
tion revealed a fracture of the middle third of the shaft of the left femur. Tiie 
fragments were being held in satisfactory apposition by llie metal plate nliich 
hail been applied previously, Hoentgenographic examination also disclosed a 
4 
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fracture of liie plateau of tlic nglit tibia One of tlie fragments was liisplaced 
posteriorly; the other, laterally 




Fjg 421. — Appearance of etuisp approximately eighteen weehs after ampu- 
tation (case 22) a. infero-antenor view, b. Lateral view. The longitudinal scar, 
which was 17 inches (43 2 cm.) long, waa the result of an exploratory operation 
which had been performed previously. 

The subscfiuent course of the piiUent’a illness was stormy He had a septic tj^pe 
of fever. Tlic swelling of the right foot and leg increased, anil considerable 
sloughing occurred in the dorsum of the right foot. This produced a moderate 
amount of purulent exudate whidi bad a foul odor. 
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On NovcniI)cr 18, 1048, nn ojjcti-flap operalwu was pcrformctl hclon- iJie riplit 
knee. The peroneal muscles s\crc niarkctlK* necrotic, and imnilent umlerial 
exuded from the amputation slump. A large roll of pclrolalimi gauze tx)ntaiuirig 
5 gm. of sulfstldazoie and 50,000 units of iicnictllin svas placc<l in the wound and 
ancliorcd with a silk suture wludi was passed tlirough the skin. A rntxlifieil Sir 
Rolxirt Jones pressure dressing was npplie<l. Cultures of the w ound were positive 
for Aerobactor nerogenes, J’.setidoinonas and Proteus. Tlic patient’s Icnipcraturc 
and pulse rate became normal, and his general condition improved. Six days after 
the ampvitatioQ was performed, the flaps were closed loosely with silk sutures 
which were passed through the skin The iwstoperativc treatment consisted of 
the administration of penicillin and slreploinycin nud repeated transfusions of 
bloo^l. Tlie original spicacast was removed from the left logandasmiilarcast was 
applied so as to include the foot. Since the ojicrativc wound in the left tliigh be- 
came infected, it was necessary to make a window in the cast over the thigh. 

riie healing of the amputation stump was complete in twenty-one days after 
the flaps w ere closed. TJic patient was dismissed to the care of Ids family physician 
forty 'two days after he was ndraillc<l to the Iiospitat. When the patient rcturnctl 
to the Clinicfor a check-up four months after Ids dismissval, examination revealed 
that his pliysical condition was salisfaclorj*. I'lgure 451, n and h shows Ihcniipear* 
ance of the stump at the time the patient returned to the Clinic. 

SUMMARY 

This report is based on a review of 24 eases in wlilch open-flap ampnl/i- 
lion was i>erfonncd at tlvc Clinic in 1018. There were no deaths in lliis 
group of cases. 

Open-flap amputation has all of the a<lvantagcs of a flapless or guillo- 
tine amputation and has fewer disadv.antagcs. It is of particular value in 
cases in which llie involvcxl cxtrcinily is infected and the operative risk is 
poor. Althougli it is commonly believed that amputation below the knee 
is conlramdicatcd in eases o! diubclic gangrene of the foot, we have per- 
formed an open-flap amputation at tliis site in C cases of diabetic 
gangrene of the foot and the results have been satisfactory in all of the 
cases. 

Some surgeons may hesitate to perform this type of amputation be- 
cause the patient lias to be anesthetized twice; first, for the primary 
amputation ; second, for subsequent closure of the flaps. In 2 of the 24 
cases in our series, local anesthesia was used for closure of the flaps. The 
anesthesia was satisfactoiy* in both of these cases. 

The time required for primaiy amputation by the open-flap method is 
much shorter than that required for amputation by the closed-flap 
method. This may partially e.\plam llie lower mortality rate associated 
with open-flap amputation. 

Although the time required for healing may be longer than it is after 
amputation by llie closed-flap method, it should be remembered that 
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open-flap amputation chiefly is indicated in ca«cs in uluch l!io invoivcci 
extremity is infected and tl*c o|)erntivc risk is poor. 


CONXLUSIONS 

1 Open-flap amputation fretpicntly is a lifesaving measure in cases in 
which an extremity is infcctctl and llie operative risk is poor, 

2. In many casex, the use of this type of amputation mill permit the 
surgeon to perform a conservative primary amputation without increas- 
ing the operative risk unduly. 

3. Although the guillotine or flaptess Ampiilnlion freepicntly is a life- 
saving measure, it has several disadvantages wliich make it less desirable 
than the open-flap amputation 
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JAUNDICE IN GENERAL SURGERY: LABORATORY 
DIAGNOSTIC AIDS 

IIowAUD K. Guay and Ciiaklf» A. Sjiout, •!». 

A surgeon, when prcsenlwl with a case of jainulice, 'vislies to know 
one thing: Is this a type of jaumlicc wliich can he relieved by surgical 
tiicans? To make this decision, he imisl dclcrininc wiicli>er the jaundice 
is licinolytic, hepatocellular or obstructive in origin. In making the 
eliagnosis the value of a complete ainl c:ircfnl history and ])hy.sical 
examination cannot be ovcrcmphasi7.e<l, but also of great aid, and often 
the only means of confirming the diagnosis of llic type of jaundice, arc 
the laboralon.* tests of liver function. 

Surgeons many limes arc prone to disregard the advantages of liver 
function tests winch arc available to them for aid in the diagnosis of 
jaundice. This disregard stems ii» general from hvo cnuse.s: fiT.st, the 
surgeon may have encounlcrcrl cases in wlucli the liver fimction tests 
were inconclusive or misleading in their results, and second, hut perhaps 
the more imi)ortnnt, he docs not have faith in the tests because he does 
not undcrstaiid clearly the principles involvc<l nor the real purposes for 
which each test was developed. It is n common experience that one tends 
to be suspicious of something al>oul which one is unfamiliar. Because of 
tliesc reactions, this paper will attempt to describe simply and clearly, 
lor the surgeon, some of the more commonly used tests of liver function 
as aids in diagnosis. There have been devclojwd many minor variations 
in the technic of performing these tests, and tlic details of their interpre- 
tations varj' from laboratory to laboratory; these variations of thought 
and technic arc beyond the scope and intent of this paper. 

To our knowledge, there is no laboratory procedure which will lest 
all the functions of the liver at one time. It is easy to .see why this is 
so when one realizes that the liver is probably the most important single 
organ in maintaining the various factors of homeostasis within the body. 
It accomplishes this not only by its influence on the metabolism of 
carbohj-drales, lipids, proteins, vitamins and bile, but also through many 
other functions too numerous and nebulous to mention. Because of this 
great diversity of activity, a liver function test is designed to test only 
one specific function of the liver, and its interpretation is of this specific 
activity and secondarily of its relationship to the other functions of the 
liver. 

Any condition of the liver which will produce pathologic chauges in 
1065 
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TABLE 1 

Hesilts of I/ABonATORT Tests in VaHIOL'S TvI’ES of Javndice 





Jaundic 

e.Type 


Feature 


. Hepatosesous ' 

1 OtiaCrurtive. 

Obstructive, 

Carcinoma 

Hemolytic 

Degree of jsun- 
Oice 

No.. 

j Variable 

1 \aTUiUe 

Deepand per- 

lansble 

Evidence of he- 
Ijatie functional 
disturbance 

1 

Early 

1 Lnterandpro- 

latcrsnd pro- 
gressive 

! None 

1 

Icterus index 

^ 4-« units 

1 Llevated 

Elevated 

rievated 

Elevated 

t^rum bilirubin 
(vandcnBcrgb) 

Negatise di 

1 rcct. 0 9 mg 
per 100 cc in- 

1 Inereasri] di-,| 

1 lert and in- 

Increased di- 
rect reuction 

Msrlcedly in- 
creased di- 
reitreuction 

Increased in- 
direct reac- 

Urobilinogen 

Present in stool 
and urirte 

1 Prewndnalou) 

1 and urine , 

1 

rieaeotorde- ' 

stool snd ' 

' Alesntmstiiol 

1 and urine , 

! 

Increascvl m 
stool end 

Duodenal dram- 

i Present ^ 

1 Present j 

1 1 

1 Present or de- ^ 

1 Absent | 

Preaent 

Olucoae tolerance 

t Normal curie 

j Inereased re- j 

1 Normal curve 

1 Normal curve ; 

1 Normal curve 

QaUetoae tuler- | 

Leas than 3 gm ^ 
1 in 0 hours 

I Reduced over 

j Nornvol (earljl' 

1 Normal (carly)^ 

1 Normal 

Albumin globulin | 

1 9 1 to 2 S 1 

Reduced or in- 

Nornisl leaily)' 

i 

^ Normal (early)' 

1 

1 Normal 

TnUat-Ara I 

Negative 

Poeiiive 

Negative | 

, Negative j 

: Negative 

Cepbalici-cUoles 1 
lerolflocculationj 

No flucculatmn 

Increa’Wd.giadi 1 
3104 j 

Nomal (in- 
creased late) . 

1 Normal lia- 

1 creased Nte) 

N..«l 

Colloidal goldpre- ! 

Negative 

PsrHielypenf 

N.W.. 



Thymol turbidity 

0-4 units 

Pcsutive 

Negative 

1 Negative ^ 

1 Negative 

Frothrombin time 

' JS-rosccrinds 1 

1 

Profonged. pour 
j response In 

IVotonged. 

apnnse to 
vitamin K 

j 1‘rolonged, 

sponse to 
vitamin K 

1 Norms! 

Cliolcsterd, total 

1 

150-250 mg per 
lOOce 

Normal or de- 

j Increnaed ! 

j Increased | 

Normal 

Cholesterol esters 

110-145 mg per 
100 cc 

1 Rediicrd 

Increased 

IncreiiveJ j 

Normal 

Dye retention 

None 

Increased 

Increoseil 

Increased j 

None 

Ilippuric acid ex- 

3 gro or more 
in 4 lioups 

Reduced, 2 gm 

Normal (early) 

Normal (catlylj 

Normal 
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TAHr^E 1 (Continued) 


ProffJure or 
tcalurc 

Xormsl 

Jsundlre, Type 

Hepainctoou* 1 

Obsiructive, 

Stone 

ObitruclKe, 

Carcinoma 

1 llrmolylic 

Serum alkaline 

per 100 cc. 

Moileralrty ele- 
cated 

Inereased 

In«Te».»ed 

Normal 

Serum amjltso 

Lcm than 330 

Neinnal 

lacreaiied ^ 

Increased 

Normal 

Serum lipase 

Less than OJ re. 

Normal 

Inerea.«ed 

Increased 

Normal 


one function of tlic liver will ulliinatcly cmsc enough datnage to the 
parenchyma of the liver to produce changes in other functions. The 
average length of time for tliis secondary damage to become manifest is 
from two to four weeks. lienee Uver function tests are of greatest aid in 
the diagnosis of jaundice during the initial two wcck.s of the disease. 
After this time has elapsed, all the tests tend to give positive rcsult.s to a 
varying degree, and hence the specificity of the various lc.sls is lost ns 
is their diagnostic value. Tor tins rca.son, liver function IcsU for the 
diagnosis of jaundice shouhl be performed ns early in the course of the 
disease ns possible. 

A summary’ of the results of the different laboraloiy tests In various 
types of jaundice is given in table 1. 

TESTS OF CILE EXCnETlON 

Perhaps the most frequently performed tests of liver function arc 
those which determine the ability of tlic liver to excrete bile pigments 
which, when they arc present in excess in the blood, produce the clinical 
manifestation of jaundice. Tests of Uiis function of the liver arc the 
icterus index, determinations of scrum bilirubin (van den Bcrgli), de- 
termination of fecal and urinary urobilinogen, and duodenal drainage. 

Icterus Index. — The icterus index is a colorimetric test in whicli the 
color of the fasting xanlhophyll-frec and carotin-frcc senmi winch con- 
tains no hemolyzed erythroQ’tcs is compared with a standard potassium 
dichromate solution. The results of the test are not directly proportiona 
to the amount of bile present in the scrum since the bilirubin present in 
crystalloid form gives a deeper color than does colloidal bilirubin ; hence 
the results do not always agree with those of the van den Bergh test. 
The results are reported in units, eada of which is roughly equivalent to 
0.05 mg. of bilirubin per 100 cc. of serum. The normal icterus Index is 
4 to G units, but it may increase to 15 units before gross evidence of 
clinical jaundice appears. This lest is a nonspecific test for jaundice, and 
it is increased in any condition which produces jaundice. Its main use 
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is in followinp tlio varialions iit the of jaundioc in n p.tticnl, since 

it is an casj simple test. 

Quanlitative Delcrraination of Serum nilirubin (van den Bcrgh 
Test). — Tlie quanlitative scrum bUmibia (van den Bcrpli) test is a 
colorimetric proceilure vrbicli is inudi more .specific than the icterus 
indc': It is perhaps the most frequently tisetl test in the diagnosis of 
j.aundice The bile present in the scrum reacts with Ehrlich’s diazo 
reagent (diazolizc<l sulfanilic acid) to produce a rcddisli color. Tlie time 
that it takes the color to develop and the depth of the color determine 
the type of the reaction and the amount of scrum bilirubin. If the color 
develops within sixty seconds, the resiift is known as a ‘'direct reaction.” 
This indicates that the bilirubin is in a more soluble form os a result of 
having passe<l through, and having been excreted by, the liver cells 
If the color <lcve!ops m from sixty sccomls to several hours, it is known 
as a ‘‘dclaywl reaction.” Thu. may be considorwl as a negative 
direct reaction. In the second phase of this test, a solution of 50 per cent 
methyl alcohol is inLxed with the scrum ainl Ehrlich’s reagent is ndd«l. 
Tills frees the protcin-bound bilirubin wbieb has not passcil through the 
liver cells so it can react with Ehrlich’s reagent to produce the reiUMi 
color. This IS known as the “indirect reaction ” Normal persons usually 
give a negative direct reaction for scrum bilirubin, and an indirect 
reaction for .serum bilirubin up to values of O.C mg. per 100 cc. In the 
obstructive type of jaundice it is mainly the dirccl*reacting bilirubin 
wliicli 18 present, but if the obstruction persists, there will soon he vary- 
ing degrees of damage to the liver cells so that there uill also be an 
increase in the imliroct-reacling serum bifitubin. Tlie bilirubin in hemo- 
lytic jaundice profluces an entirely indirect reaction, as it has not passtil 
through the liver cells In hepatocellular jaundice the bilinihin in the 
early stages is mainly indirect reacting, but as the di'.oase progrc.sscs, it 
becomes both direct and indirect reading 

Test for UrohUinogcn.— Urobilinogen is formeil in the intesUne by 
tlie action of the intestinal bacteria on bilirubin. The majority of the 
urobilinogen is cxcrctc«l in the feces as urobilin, stercobilm and incso- 
biliviolin. A small portion of the urobilinogen is rcsorI>c<I into the portal 
circulation from the intestine and it passes back to the liver whore mo^t 
of it is again excreteil into the mtesUne (enterohepatic circulation). 
However, a small portion of it p-isses into the general circulation from 
which it is excreted by the kiclncy in the urine. 

The lest for urobilinogen, wbcllicr in the urine or (he feces, again 
depends on the roddisli color producwl by bilirubin or its derivatives and 
Ehrlich’s reagent (paradimclbylaminobenznldchyde). This color is com- 
pared with that of a standard solution. Tlie urobilinogen in the feces is 
reported as milligrams per 100 gm of alool or milligrams excrctetl per 
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Iwcnly-foiir hours. Tijc iioriDiil ninounts arc l.')0 to JtOO ing. per 100 gin. 
of feces or a daily output of 40 to 300 ing. of urobilinogen. The amount is 
decreased or absent in obstructive jaundice, aiul it tends to be much 
lower, if not entirely absent, in obstructive jaundice due to neoplasm 
than in tliat due to stone. The amount of fecal urobilinogen is increased 
in hemolytic jaundice. 

In the urine, the nonnal amoiinl of urobilinogen is 4 mg. or less per 
twenty-four hours. It is absent in case of complete biliary obstruction, 
and it is incrca.secl in case of hcpnlocclliilar <lamage or hemolytic jaundice. 

Duodenal Drainage. — Duodenal tlminage is a valuable procc<lure. 
A Levine type of tube is passeil so llint the tip will rest in the duodenum. 
Fifty cubic centimeters of a 25 per cent solution of magnesium sulfate is 
instilled through the tube. Normally, the first bile is clear and thin as 
it comes from the common duct. This is followed by a much thicker and 
darker bile which apiiarenlly is from the gallblailder. The last bile to be 
obtained is again clear and thin and is coiishlcretl to he tlml which has 
just been cxcrcloil by the liver. The bile, if oblaincil, indicates at lca.sl 
some degree of patency of llic bile ducts, but it may be minimal in 
amount in cases of severe hepatocellular damage. The presence of choles- 
terol and calcium bilirubinate crystals is indicative of stones in the 
biliary system, and blood is indicative of tumor although it may result 
from trauma. Pus cells arc found in cases of cholangitis, and llic recogni- 
tion of malignant cells in bile may be of practical value at some future 
lime. 


TESTS OF CARnOHYDKATE METABOLISM 

Glucose Tolerance Test. — The glucose in the blood Is maintained, in 
part, at near constant levels by the liver which converts glucose to 
glycogen, in which form it stores carbohydrates until the cxtrahepatic 
stores of glucose are decreased. Glycogen is then reconverted to glucose 
and is released into the general circulation. 

The glucose content of the blood is detenninctl by heating protcin- 
free blood filtrate with an alkaline copper solution. The glucose re<luces 
a portion of the cojjper to cuprous oxide which in turn reduces phos- 
phomolybdic acid to phosphomolybdous acid which is blue in color. 
This color is compared with a standard, and the amount of glucose 
rcporte^l in millignims per 100 cc. The glucose tolerance test is performed, 
after determining the fasting level of glucose in the blood, by giving the 
subject orally an amount of glucose calculated on the basis of body 
w’eiglit. Ihe levels of glucose in the blood and urine are then determined 
at intervals of thirty minutes, one, twro and three hours. 

^^hen there is damage to the liv’cr cells, wide variations are noted in 
the levels of glucose in the blood in response to the glucose tolerance 
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lesl. Following the ndinjnislraUon of ghicosc, the level of this substance 
rises rapidly ia the b!oo<l, but the airve (Ijffcrs from that of the dljibelic 
in that it falls more quickly to fasting lewis. The fasting level m the 
nondiabctic patient with !iep.ntoccl!ular disease is reached in two to 
three hours The results of the glucose tolerance test may be indicative of 
hcpatocclUilar disease, but owing to iU non-specific nature, tt is not often 
Hse<J for the diagnosis of this tjpc of jaundice 

Galactose Tolerance Test.— Afucli mow? specific for the il!agno'>is of 
jaundice is the galactose tolerance test Galactose is a carbohydrate 
wliicli is cQnverlc<l to glycogen entirely by tlie liver and it is not metab- 
olized as galactose by the cxttaliepatic metabolic processes of the 
body, Tlie test is commonlj' done by giving the fasting patient 40 gin 
of galactose in 400 ce, of water by mouth. Tlie amount of galacto.se 
excreted in the urine, that is, not melabohze<i bj* the liver, is measured 
over a five-hour period. More delicate is the intravenous g.i]actose 
tolerance test wherein 1 cc of a 40 per cent solution of galacto«c is given 
per kilogram of bwly weight The quantity of g.slnctosc m the bloo<l is 
determined after seventy -five minutes 

With the use of the oral-urinary method of determining galactose 
tolerance, the normal jwrson excretes 3 gin. or less of this sugar in fi\'e 
hours In the hepatocelltilar type of jaiiniltce, 4 or 5 gm arc excreted 
In an obstructive type of jaumheo, 40 to 50 per cent of the patients will 
give positive results with the p.‘»laclo'?c toleruncc lest, which iiieuns that 
quanUties m excess of 3 gm. are excretoil in a five-hour perio<l In general 
the test is not a definite diagnostic test, but the results mu> corrol>oratc 
other c\'idence to help make the diagnosis TJic intravenouv test is much 
more sensitive It has been reporteil that when more th.ui 20 mg. of 
g-xlactosc per 100 cc remained m the hlootl after seventy-five ininute.^i, 
the results of the lesl were positive in 97 }>cr cent of the cases of cir- 
rhosis, in 81 per cent of the cases of hepatitis, and m 18 per cent of the 
cases of obstructne jaundice of less than six months' duration 

TESTS OF PROTEIN METAROLISM 

In the synthesis of body proteins, the liver serws ns an important 
link. The amount of total scrum proteins reflects this function in that it 
is raoslcrately decreastKl m chronic hepalocelhilar disease However, the 
amount of total scrum proteins is affcrtcil by many conditions other th-in 
<lisease of the liver, and hence it is of no great diagnostic significance 

Albumm-GlobuUn Ratio.— Of more importance in the diagnosis of 
jaundice is the albumin-globulin ratio and the changes which occur in the 
globulin fraetion of llic scrum proteins In primary hepatocellular disease 
there is a decrease in the albvimin fraction and an iucrease in the globulin 
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fraclion of the scnim proteins, thus piwlucin;: n lowering? or inversion of 
the nonnal albumin-globulin ratio of I^?:! to 2.5: L 
Tests for Abnormal Serum Globulin.— \Mien <iannigc to the paren- 
chyma of the liver has occurre<l, more spcdfic changes are .seen in llic 
gamma globulin fraction of the scniin proteins than In the albumin 
fraclion. These changes arc not due pritiiarily to changes in the liver but 
they .seem to be the result of rcticulo-ciidothelia! irritation. Hepatitis can 
produce these changes but other conditions prmiucing reticulo-endo- 
thelial irritation such a.s subacute bacterial endf>c;irdilis, rheumatoid 
arthritis, infectious mononucleosis, and tulicrculosis ciiti also pro<lucc 
the same change.s in the .‘Jcnirn globulin ami lienee also give the same 
reactions. However, it is u.siially not necessary to consider these diseases 
when one is trying to classify a ty(»c of jaundice. Te.st.s which utilize 
changes in the globulin fraction of the serum proteins are the Takata- 
Ara lest, ccphalin-cholcslcrol flocculation lest, colloidal gold flocailation 
lest, and the thymol turbidity lest. 

TakalO'Ara Tlic oldest of this group is the Takata-Ara lest. 

In this te.st mercuric cldoride and scxlium cjirbonalc react with the 
abnormal globulin in bloo<l to precipitate mercuric oxide. In general, the 
test is diflicuU to perform and dlfllicull to interpret. Tosilivc rcaclioms arc 
obtained in late cirrhosis and other fonns of licpatoccHular disease. 
Negative reactions arc found in obstructive jaundice and metastatic 
malignant disease of the liver. Because this test is not highly sensitive in 
relation to hepatic function and because a large variety of conditions 
not related to disease of the liver give positive reactions, it is little used 
today. 

CephaUn-ChoIeifeTol Flocadation Test, — Tliis test is a useful one intro- 
duc«l by Hanger irt 1939. It depends on the production of a precipitate 
(flocculation) of a prepared cephaUn-diolcslcrol mixture by the abnormal 
globulin of the patient’s serum. Tlic reaction, as in other flocculation 
tests, depends on the presence of excessive amounts of gamma globulin 
and a decrease in the albumin or fraction of the albumin which inhibits 
the flocculation. The test is read after forty-eight hours and is reported 
on the basts of grades 1 and 4, depending on the degree of flocculation. 
Grade 3 and grade 4 reactions are con.sidered signiflcantly positive. The 
test is of great aid in the diagnosis of infectious hepatitis as the result 
is almost always strongly positive even in the early stages of the disease. 
The result is also positive in a high percentage of cases of cirrhosis or 
advanced metastatic involvement of the liver with cancer. It is usually 
negative in obstructive jaundice until the obstruction produces secondary 
changes in the liver. 

Colloidal Gold PrecipilalioH Test. — The colloidal gold precipitation 
lest of Lange on spinal fluid has been modified for use with blood serum. 
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The tc&t depends on the precipitation of the colloidal gold hy the ah- 
normal globnlin in the somm with the resulting dccolorizalion of the 
solution. Complete dccolorization of the solution is indicated hy the 
figure “5.” Varying dilutions of .scrum are usc<l, and a positive reac- 
tion produces a mrve similar to the paretic curve of the spinal fluid 
(5555542100). Like other flocculation reactions it is positive in hepato- 
cellular disease. 

Tliipnol Tutlndity Teat — The thymol turbidity te-st was intrwluccil 
by Mnclagan in 1044 It has provctl to be CKlremcly u«efiil because it is 
easy to perform and because it is one of the most reliable tests in the 
differentiation of obstructive jaiimlice from }iep.alocellular jaundice, A 
positive reaction dejwnds on the ahnormal globulin of the blood, pro- 
ducing flocculation of a saturalcsl thymol solution of pTl 7.8 winch con- 
tains a barbitone buffer. The turbidity of the solution is comparer! with 
Kmgsburj' turbidity stamfards, and the results arc reported in units of 
turbidity. The normal turbidity is from 0 to 4 units Positive reactions 
early in the course of jaumhee indicate hep.-itoccnular damage, and 
negative reactions in early jaumlicc indicate that obslniction is the cause. 

’ In general, it has been sliossn that the thymol lurbidily lest gives more 
uniformly negative results in the obslnictivc type of jaundice while tlic 
cephalin-cholcslcrol flocculation test is more likely to give positive 
results in hepatocellular disease. 

Prolhrombin Time.— Prothrombin is n carhohydnitc-oonlnining }>ro- 
Icin producctl exclusively by the liver when adequate amounts of vitamin 
K are present. Vilainiii K is a fal-sohihlc vitamin nhich is absorbed from 
the intestine m significiint amounts only wl»cn bde is present. lienee 
prothrombin may }>e ilcficicnt either when there is severe hcp.'ilocelliilar 
d.'irnage or when tliere is obstruction to the bile passages 

The amount of prothrombin in the bJoo/1 is mcasuretl indirectly by 
Its ability to produce a clot in a definite i)crio<l of lime. Standard con- 
ditions are .set up using the p.at»cnl’.s plasma, an excess of calcium and 
a prepared solution of Ihromboplaslin. TJic time that it takes the mixture 
to produce a clot is known as the prothrombin time, and it is very 
roughly inversely proportional to the amount of prolhrotubin present. 
The normal prothrombin time varies with the type of Ihromhopl.isiin 
used so that controls must be nin frequently , normal times arc usually 
in tbc range of 18 to 20 seconds 

In jaundice, in wliieh the prolhromliiii lime is elcwitetl, it U important 
to know if the prothrombin time will return to normal when adequate 
amounts ol vitamin K arc givm parcnlerally; little change in the pro- 
longed prothrombin time indicates severe hcpatocellul.'ir ilamagc, hut 
rapid return to normal after adminUlration of vilmnin K iiulicatcs that 
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the iaunclicc is most likely on nn obstmetive basis or that there is little 
or no damage to the liver cells. 

TESTS OF UPID SIETAnOLISM 

Determination of Cholesterol and Chole.stcrol Esters— Cholesterol 
is a sterol found in all body tissues ami fluids. The liver cells have the 
ability to esterify free cholesterol, ami thus cholesterol esters arc found 
to make up 70 to 70 per cent of the total cholesterol in persons with 
normal liver function. 

Total cholesterol is <lcteruuue<l by first evlructing it from the plasma 
with alcohol, etlier and chloroform. Acetic anhydride and sulfuric acid 
arc then added, and a green color ts pnKhiccil. This is comparetl willi 
the color of a slandartl .solution. Cliolcslcrol esters are determined by 
precipitating the free cholesterol with <ligitoiuu and then extracting the 
esters with iictroleum etlier. The aiuoimt of esters is then dclcrmincrl hy 
the nbovcHlcscribed color reaction. The normal value for total cholesterol 
is from 150 to 250 mg. per 100 cc. of plasma. 

The value for blood cholesterol varies in a great many couiUlions. 
In obstructive jaundice there is a rise in the value for total cholesterol 
and also in the esters, so that there is Hulc or no change in the ratio. 
Hepatocellular jaundice causes no cliangc or a .slight decrease in the 
content of total cholesterol, hut there is a markctl decrease ii\ the amount 
of cholesterol esters present so that their percentage of the total is 
markedly decreased. This decrease is roughly proportional to the severity 
of the damage to tlie liver. 

TESTS OF EXCRETION OF DYE 

It has been found that a number of <lycs are removed {ron\ the circula- 
tion and excreted by the liver. Two of these which arc lusctl clinically to 
evaluate the .status of the liver arc suUohromophthalein sodium (brom- 
sulfalein) and rose bcngal, 'Fliesc <lyes are rapidly removed from the 
circulation by the rcticulo'cndolhclial system (KupfTcr cells in the 
liver) and then arc more slowly excreted in the bile after having passctl 
through the hepatic cells. 

In the sulfobromophthalein lest 5 mg. of the dye per kilogram of 
body weight are injecletl intravenously and a reading is made of the 
amount of dye remaining in the serum after sixty minutes ; normally there 
is no dye remaining in the scrum at that time. Rose heiigal is given 
intravenously in a dose of 10 cc. of 1 per cent solution. The amounts 
remaining in the serum are determined in two and six minutes respec- 
tively. In a normal person 50 per cent of the dye present in the two- 
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minute sample will have heen rcmovctl by the time si\ ininulcs have 
elapseil 

D\e excretion tests best inilicate tlic status of the liver in cases in 
which there is little or no jaiimlicc. Wicthcr jaundice is due to liepato- 
cellular disease or ohslmction to the bile ducts, there will be jnarke<l re- 
tention of dye so that as a test to differentmte these two types of jaun- 
dice, this type of procedure is of little value 

DETOXIFICATION TESTS 

Ilippuric Acid Test. — Tlie liver acts to protect the bwly from certain 
toxic substances by causing conjugation to form relatively nontoxic 
substances which are excreted in the bile and urine Some of these toxic 
substances are indol, salicylic acid and menthol. Benzoic acid has been 
used as a test of this function since it is conjugated with glycine, wbicli 
is produced only by the fiver, and is formof into fiippurie acid in the 
liver and kidneys and is cxcfcteil as such in the urine. 

Tlic accuracj' of this test dcpenils on the ability of the kidney to 
cxerete the hippuric acid , hence it is not recotnmende<l for patients who 
have an elevated value for nonprolein nitrogen. It also depends on an 
adequate output of urine an<i a complete emptying of tlic bladder Tlie 
benzoic acid can be given orally or intravenously but the intravenous 
method is the more sensitive Tlie oral test is done by giving the subject 
0 gm. of sodium benzoate, and the urine is collecteil for the following 
four-hour period With the intravenous mclhoil, 1.77 gm of sodium 
benzoate is given, an<I tlie urine is collected for one hour. Tlic hippuric 
add is precipitated from the urine with ammonium sulfate and hydro- 
chloric acid and is neighed In the intravenous test, 0.7 to 1.2 gm.arc 
excreted in an hour while nith the oral test 5 to 4 gm. are excrclcil in 
four hours by tbc normal person. 

Obstructive jaundice of short duration and hemolytic jaundice are 
associated with normal levels of excretion uhereas all types of hepato- 
cellular jaundice are associated with a marked decrease iu the amount 
of hippuric acid e.xcrete<i 

SERUM ALKALINE niOSPHATASE TEST 

Alkaline phosphatase, an enzyme, is producwl in the body mainly 
by the osteoblasts and is excreted to a la^t® extent by the liver. IVhcn 
abnormal osteoblastic activity is not present, elevation of the value for 
serum alkaline phosphatase is usually due to ilamage of tfic fiver. The 
amount of alkaline phosphatase in the scrum is determined by incuba- 
tion of tbc scrum with a glyceroi>hosphnle solution to produce inorganic 
pliosphale (Ilodansky mclhotl). The results are cxprcssc<l in Bodansky 
units; 1 Bodansky unit is equivalent to 1 mg. of phosphorus hberatc<l. 
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Noniial atlJill.s have 1.5 to 5 units of scnmi alkaline phosp]iala<!c per 100 
cc. of senjm. 

In general, the lest is not one of great diagnostic value in the differ- 
cijlial diagnosis of jaundice. Elevations in the value for alkaline phos- 
phatase do not parallel the degree of hcpalocclUdar <|amagc. The amount 
is usually nonnal in Ijcinolytic jaundice, raoderatcly increased in hepato- 
cellular jaundice, and markedly increased in ohstructivc jaumlicc, hut 
the increases arc not constant cnougli to be of great diagnostic signif- 
icance. 

TESTS OF SEnU^r AAnXASE AN’D LIPASE 

Amylase is found in the serum in remarkably constant amoiinls, and 
the amount is unafTcctc<I by foo<l, starvation, diurc.sis or dchyilralion. 
The source has not been provwl but it is suspoclcd that amylase is pro- 
duce<l mainly by llic pancreas an<l the saUvaiy glands, Ob.struclion of 
the pancreatic duct due to ligation or inflammation prwiuccs a pro- 
nounced elevation of the scrum amylase levels, and similar elevations 
arc found in acute epidemic parotitis. Sudden obsinjction of the common 
bile duct or pancreatic duct will c.aiisc a decided increase but the effect is 
transient and normal levels are regained in sevcnly-lwo hours. 

Tlic serum amylase is detcrraincil on the b.asis of the length of time 
required for the amylase to digest a standard starch solution. The dt^rec 
of digestion is determined by noting the dtange in color of a mlvlurc of 
iodine and starch from blue to brown when the starch Is all digested. 
The results are calculated by formula and arc reported in units of 
amylase actinty. The normal is 80 to 150 units, and to be clinically 
significant the value must be oi'cr 320 units. In the icteric patient, 
elevations are most commonly seen when the jaunilice is obstructive in 
nature. Tlie levels are usually normal in hemolytic and hepatocellular 
jaundice. 

Like that for serum amylase, tlie value for serum lipase is elevated 
in the obstructive type of jaundice. The level of lipase activity is meas- 
ured by the effect of the serum lipase on an olive oil emulsion to produce 
free fatty adds which are measured by titration with tenth-normal 
solution of sodium hydro.xide. The results are reported in cubic centi- 
meters of sodium hydroxide solution needed to neutralize the fatty acids 
produced by 1 cc, of serum. Tlie normal is less than 0.3 cc. of tenth- 
normal solution of sodium hydroxide per cubic centimeter of serum, 
but the amount may rise as high as 10 cc. in case.s of acute pancreatitis. 

COMMETfT 

As a surgeon reviews the problem of diagnosis of the jaundiced patient, 
he is struck by the great value of a careful and complete physical exam- 
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illation and history. In many cases the tUa^osis can bo inude by those 
moans alone. However, in spite of the certainty with which one can make 
llic flinyuosis in many cases, routine li»cr fnnclion tests should lie per- 
formed to confirm the diagnosis even when the clinical picture seems (o 
make the ctiologs' of the jaimcUcc olmous Tliis may seem superfluous 
at times, but it the tests are done, some cases in which the clinical picture 
is entirely misleading will Ik* nncovcml and the correct diagnosis nnll 
be made, isluch may save the patient an unnecessary operation. In 
many cases the clinical pictore will 1* inconclusive. In these cases the 
hver function tests arc not usctl to snpt»ort the diagnosis but arc depended 
upon to establish the diagnosis This thes will do in most instances 
In such cases tlie tests have provwl invaluable Finally in a few cases 
the laboratorj' tests as well ns the history and pliysical cvamiciation will 
prove mconclusise. It is in these cases that surgical iudgement and 
experience are invaluahle, for suigical treatment may cause cure when 
correctly applied or injury to the patient when ill ailviscd Unfortunately, 
surgical judgment cannot lie ac<imrcd from the printed page or in tfie 
laboratory. It is best developed by experience and, in particular, circful 
analysis of one's pa«t errors 

SUMMARY 

It has been poinlcrl out that liver function tests, in addition (o a 
complete history and physlciil examination, are of great importance m 
(letenmning the ctiologic factors which cause jaundice. To lie of greatest 
aid, these tests should be perfonneil as early in the cour.so of jaundice ns 
possible The essential laboratory procciliires which should be used for 
diagnosis in all cases of jaundice pertain to detcnninnlion of the scrum 
bilirubin, urinaiy urobilinogen, duo<lcnal drainage, ccphnlin-eliolcstcrol 
flocculation, thymol turbidity and prothrombin lime. The essential 
principles and procedures of these tests and other tests have been 
presented so that they may l>e heller understood by the general surgeon, 
and the results of these tests in the various types of jaundice have hcen 
presented in tabular form. 


THE INDICATIONS FOU SUItGICAI. TUFATMF.NT IN 
MftNIEUF.’S DISEASE 

llFNllY L. WlIXlAMR 

Before the indications for snr{»5c;d Ircalincnt in an individual case of 
Meniere’s disca‘-c arc considcrctl, l^o very important decisions must he 
matlc. The first is what is meant hy the term, “^feniere’s disease” ; tlie 
second is what surpical approach will pive the maximal symiitomalic 
relief with the minimal morbidity and mortality rates. 

the symptoms or MfisifenE's disease 

In 18G1 Prosper Meniere puhHshc<l a series of papers dc-'Crihinp a 
hitherto \mTecoj;ni7,et\ prouji of people who hml the symptoms of vertigo 
or dizziness, nausea an<l voiniting, m nhom lie felt the causative lesion 
was in the inner car and not “in the ccrehclhim or cerebellar pc<hin- 
clcs.” Previous to this time these symptoms bad been classificrl under the 
term “apoplectifonn cerebral convulsions.” Meniere pointed out that 
the distinguishing features which dilTcrcnliale<l the group he was de- 
scribing from the general group were signs and symptoms of cochlear 
involvement and a tendency to remissions and recurrences extending 
over a period of months or years. In most of Hie other disorders in which 
vertigo or dizziness, nausea and vomiting were present, linnitiis and deaf- 
ness were not present and there was no tendency to recurring attacks, 
but rather a single attack was followe<l by a slow and gradual recovery. 

By reviewing !MeniJrc’s papers it is possible to outline the signs nmj 
symptoms which he felt were characlcristic in the group of people lie 
was describing. 

1. In a person without previous signs or symptoms of ear disease a 
bruit might occur in both but usually only in one car. This tinnitus 
tended to increase during the “crisis” of the disease. It might have jierioils 
of remission but .tended to be continuous until the hearing was com- 
pletely lost, which, however, might not occur for a period of months 
or usually of years. 

2. “Crises” or “attacks” characterized by severe vertigo or dizziness 
tended to occur from time to lime, lasting from several hours to a day. 
These crises were of four types. 

A. The patient, without warning and without obvious cause, might 
be seized with a terrifying sensation of whirling. ^Yhen lie was lying in 
bed nnth the eyes closed, usually on the sound ear, the sense of spinning 
would be less marked (subjective vertigo) but, when the eyes were 
opened, surrounding objects would appear to be violently whirling about 
1077 
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(ohjccUvc vertigo) ami the patient Mould be scired mUIi nausea and 
vomiting Since the patient tended to He on the sound ear, he would 
appear to be completely deaf unless Uie head were turned so that the 
hearing in both cars could be tested Associated with vertigo was a con> 
dition of cNtrcme weakness, rapid pulse and cold sweat n-hich Meniere 
termed the “syncopal state ’* 

B The patient without v,'aming nould suddenly fall lo the ground as 
if struck on the head and after reaching the ground would cvperionce the 
same sensations dcscribe<l in the previous paragraph. 

C. Instead of the sensation of angular acceleration about an axis the 
patient might expenenee the sense of moving nolently up and (Iohtj 
One of ^lenierc’s patients described the feeling as that of being on the 
bridge of a ship at the mercy of a stormy sea Tliis sensation also was 
associated with nausea, voiniljiig and the syncopal stale This has been 
termed an “iitrictdar attack” bi' Tticnarkin 

D. Tlie patient might have the sensation of being violently forced to 
one side, and not only felt, but was, unsteady. On attempting to walk 
he might run into a wall or a tree 

Meniere also noted that between llieso crises, or attacks, which might 
last from seseral hours to a day, the patient might have a mild vertigo 
on sudden turning of the head or change of position, such as lying down 
on, getting up from, or turning over In, bed, so that he was maintained m 
a constant state of anvicty lest ho niiglil be about to cx|icricnce n major 
“crisis” or attack. 

From tins rdsumfe it may lie seen that Meniere had a x cry clear com- 
prehension of the symptom complex that came to be eallcil after bis 
name. 

Crone pointed out that the symptoms were so invariable that they 
must originate from a common cause and for this reason the condition 
should be termed a "disease ” XJntorlunalcly Meniere died in the year 
following publication of this series of papers, and a great deal of confusion 
in regard to recognition of the disease he had described was occasioned 
very early in its course by two serious misquotations or misunder- 
standings of Jiis papers 

Tlie first misquotation was that Meniere had statwl that a hemorrhage 
into the labyrinth was the cause of the disorder or disease ; the second 
was that he had presented ns the jialhologic basis of the group of symp- 
toms he describes! the necropsy fimlitigs of a blowl-tinged serous c.vudate 
in the semicircular canals of a young girl who had been struck with 
sudden deafness, violent vertigo, nausea nud vomiting and had dictl on 
the fifth day of her illness. 

I have found both these statements to lie contrarj- to fact One or both 
of these misquotations have continuc<t to liead nearly every account 
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of “Mcuiorc’s tUscasc,” however, ami a^s a consc<jwence more and more 
conditions of sucli a nature that, wlialcver they inij'Iit bo, they could not 
possibW bcivlenioro’s disease, lmvcl>eeii mclmlctl \mder Uus term, 'llitis, 
any condition in nhich the syinj)loni5 of vertigo, nausea and vomiting 
appeared was lermcil “M^nlerc*s disease” or more frcq\tcnt!y , “^fenicrc’s 
syndrome” or “i^Ienicrc’s symptom complex.” These latter terms were 
subslitutc<l for another “waslcbaskcl” diagno.sis, that of "apopJccliform 
cerebral congestion,” under wliicli ibc'-e conditions bad been Inrnpefl 
before ^lenierc’s day. 

THE PATHOLOGY OF MfiStfiHE’S DISEASE 

lyicnierc stated that in his oiJtnion the condition he was describing 
was a lunclional disorder ol an iinkiiomi type having its site in Ibc seini* 
circular cjmals. lie plcadctl with otologists to secure .specimens for 
microscopic study .so that the pathologic changes could be ascertainctl 
definitely. A deaf car was turnc<l to lids plea, Imwevcr, /ind it was not 
until a neurosurgeon supplietl Uie material from 3 patients with authen- 
ticated Hfeniere's disease, who had diet! of hemorrhage into the cere- 
bellum after intracranial division of the ciglilh cranial nerve that the 
establishment of a pathologic background was attempted. This was said 
to be a gross dilatation primarily of the ductus cocldcaris, secondarily 
involving tlie saccule and utricle. Some atrophic changes were found 
in the stria vascularis and in the organ of Corli. There was a notable 
absence of any inflanimatory change. Tliis patliologic description lias 
been subsequent^' confirmed by many observers both in this country 
and abroad, and it is now generally held that the pathologic pictvire in 
Meniere’s disease has been definitely cstablidicd. Lermoj'oz, however, in 
1919 suggested that Meniere’s disease must be a question of local angio- 
spasm in persons having an exaggerated susceptibility toward external 
excitants and internal irritants. lie staled that one may conceive of a 
spasm being able to close the internal auditory artery’ or one of its 
branches. 

1. Spasm of the trunk of the internal auditory artery would affect 
simultaneously the cquilibnal labyrinth and the cochlea, which would 
manifest their trouble by the complete triad of Meniere. 

2. Spasm of the brandies of the internal auditory artery to the 
vestibule might precipitate paroxysmal r-ertigo without a concomitant 
effect on the hearing. 

3. Spasm of the internal auditorj' artery beyond the separation of the 
vestibular brandies could pro%’oke a sudden but evanescent deafness 
involving violent tinnitus but no x’ertigo. 

Lermoyez pointed out that in a superficial vasospasm such as Ray- 
naud’s disease it could be observed that the sudden shutting off of the 
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circulation as well as the sudden return of the circulation could produce 
pain Since the \estibiilar nerves arc mo<l>(ic<l sensory nerves, he fell 
that the “pain” of the vestibular nen'c Was vertigo and tlic “pain” of the 
auclitorj' nerve was tinnitus Ix;rmoyez descnlicd a group of patients with 
increasing illness ami progressive deafness, then suddenly vertigo ap- 
peared and hearing returned lie eY|ircssc«l the belief tbal ihts syndrome 
could be caused b;i the sudden release of vasos/wisin which l»ad Hffcctcd 
the internal auditorj artery. 

These varieties of MOniere’s «Hscase arc occasionally seen in any 
extensive practice, yet they appesir to constitute less than 10 j>er cent 
of the entire group. Kc%erlbeless ^lle.^ should not be evcluileil from con- 
sideration as an insistence on the presence of a senuis transudate in the 
membranous labyrinth would do 

Willmaack stated that hydrops of the labyrinth is, m general, eon- 
sklcred to be the slightest expression of disease in the lub.\ rmth that can 
be pro<fuce<f by an inflammatory stimufus (the concept of inflanimafory 
stimulus sliould be considereil m its broadest sense). It could be cem- 
sidcred u paralM phenomenon to acute hydrocephalus esternus and the 
so-culled meningitis serosa. 

Wiltmaiick felt that his newer experimental invesligatioiis strongly 
favored the viewpoint lliat secretion of 6ind into Die labyrinth without 
an uccompiinymg secretion of scrum protein should be mlerpruted us u 
completely hypersecretory and therefore “fiydropie” jiheiioniunon, and 
for this reason must be calfwl “hydrops” rather tlian “serous labyrm- 
tiiitis ” The difference m the two conditions, according to Wittmiuick, 
lies in the fact that in one ease the secretory epitliclium produces an 
unusually thin secretion fiuahlalively resembling physiologic suit solu- 
tion while in tiie other case transudation of blood scrum fo!low-s capillary 
dilatation and slowing of the circulation which is also a typical irritative 
reaction of the vascular system in the mesenchyme 

Considering the fuel of the priority of Wittmaack's use of the term, 
“hydrops of the l.ibynnili” cannot be Use*! xvitli propriety as a synonym 
for “Meniere’s disease ” In addition to tins, the physiologic mc'clianism 
active in Meniere’s disease is prolMbly a “spastic-atonic” slate of the 
capillaries of the stria x’asciilaris 'Fins xxtiiihl result in a traiisinlatc from 
the capillaries rich in serum jirolcm and the condition would llu-rcforc 
be according to Wittinaack’s cUssificalion, a serous l.ibyrinUiitis (or 
labyrintliosis). Wittmuark ))oinled out that the stimulus for the proiliic- 
tion of either hydrops or serous exudate into the hibyrinlh is not <lirccl 
immediiited bacterial invasion Tlie vascular reaction is one that nor- 
mally occurs ill the Icniuiiology of Sclye to any alarming stimulus. 
Since in Meniere’s disease the fundamental process appears to bo an 
individual tendency to hyperrcacl focally to a normally miiiimal slim- 
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ulus, ^Yilln 1 aack’s invcsligalions sliouM hold in regard to its develop- 
ment. I feel, llicrcforc, that one should classify ^U'nierc’s tliscasc as 
being with or \\ithout serous labyrinthitis, depending on whether the 
disonlcr was accompanied by a fluctuating deafness, resulting from 
pressure on Corti’s organ, or not. 

ADDITIONAL SYMPTOMS OF MCxiftRE’S DISEASE 
Little has been adde<l to ^fenierc’s original description of the symp- 
toms. Cro\\e noted a marked variability in the hearing in the early 
stages of ^lenierc’s <liscase, and Dc<lerding and Lillie, Horton and 
Thornell noted that the loss of hearing can be rc.store<l under treatment. 

Shambaugh noted that when only one car is involved or when there is n 
considerable difTerence in hearing in the two ears, diplacusis binauralis 
dysharmonica is present. He felt that wicrcaved prcssvire of the cntlo- 
lymph results In an edema and loading of the vibrating membrane in the 
inner ear so that a pure tone will be thrown further towartl the basal 
coil, resulting in a given lone being licaitl «s of higher pilch in tlic in- 
volved than in the uninvolvcd car. 

Brunner and others have notwl that whenever vertigo of any extent 
and duration is present it will be accoinpanic<l hy nystagmus of tijc third 
degree. 

Possibly most important of all, Mygind and Dederding have described 
the “associate<l” symptonis of Meniere’s disease. These consist of: (1) 
headache of a vasodilating or myalgic type on the same side as the 
diseased ear; (2) vasomotor rhinitis, .sometimes liomolatcral ; (3) 
angioneurotic o<Ieina, usually on the homolatcral side and frequently in 
the region of the affected ear; (4) chilliness with cyanosis of the extrem- 
ities occurring in response to a stimulus not effective in producing this 
reaction in normal persons; (5) fatigability, irritability, depression and 
impairment of mcraorj', phenomena which show the same capricious 
changes as the deafness. 

Mygind and Dederding also observctl that patients with Menierc’.s 
disease tend to suffer from gaslro-intcstinal disturbances, oliguri.a and 
deficient perspiration, that Ihej’ lend to feel better in summer than in 
TN-intcr, worse after meals, and that their symptoms tend to show im- 
provement srith loss of weight and worsening with increase of weight. 

It is on tlie basis of these obscr\’alions, as well as of capillary studies, 
by :Muller, Paresius, Brown and Sheard and others; of studies of the 
autonomic nervous system and its behavior by Petersen; and of studies 
of the alarm phase of the general resistance mechanism by Sclye, that the 
hypothesis that Meniere’s disease is an interstitial edema due to a 
localized capillary dysfunction mediated by tlie parasympathetic or 
cholinergic fibers of the autonomic ner\’ous system lias been suggested. 
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A localizc<l vasomotor dysfunction leading to pathologic changes of this 
type is known as a phj’sical or inlrinMC allcrgj- according to the nomen- 
clature suggested hy Duke Upon this liyfiothcsis all successful medical 
treatment of Meniere’s disease has been based. 

CONDITIONS WITH WHICH M£i\|£JIE'S DISEASE MAY RE READILY 
CONFUSED 

If the original clinical description of Meniere’s disease is adhered to, 
few conditions can he confused with it This is essentially variable 
deafness and tinnitus and “crises” of paroxysmal vertigo of the end 
organ type with remissions and recurrences. Those conditions most 
difficult to differentiate arc as follows: 

Positional Vertigo. — Meniere pointed out, however, that positional 
vertigo tended to he present between “crises” of the disease. 

Toxic Vertigo. — Quinine is apparently the drug most likely to produce 
toxic vertigo m this country, hut since the work of Marshall Taylor its 
use has been greatly diminished. M^imcrc suggested an association 
between the appearance of Ids disonler and the taking of large quantities 
of quinine Other drugs, such as the salicylates, arc capable of precipitat- 
ing a M6niere-like crisis. Care should bo taken to obtain a history of any 
drugs taken preceding an attack of deafness, tinnitus, vertigo and 
nausea. 

Tubal Occlusion.— Merica in particular has pointed out that Uiliid 
occlusion may simulate Meniere’s disease In most instances the vertigo 
produced is not severe, the chief symptom being a tendency to stagger 
toward the affected side in walking. Occasionally, however, violent 
vertigo and nausea will result. It would seem worth while to inflate liie 
custachian tubes of any patient suspected of liaving Mcm6rc’s disease 

Psychogenic Vertigo (Conversion Neurosis) — Anxiety ami insecurity 
are likely to be converted by certain persons into a sensation of vertigo 
It should be realized that Meniere’s disease itself tends to jiroducc 
anxiety and feelings of insecurity because it produces a much greater 
psychic shock to the patient than, for instance, an epileptic convulsion. 
In the crisis of Meniere’s disease the mind is perfectly clear and the 
events of the attack can be recalled without difficulty. As a consequence 
in many patients who have Meniere’s disease psychogenic v’erligo 
develops in addition to the primary disortlcr so that sometimes it becomes 
difficult to tell from the p.itienl’s account of an attack whether it was an 
actual Meniere’s attack or the conversion of a psychic state that is being 
described. 

Other conditions such as Bruns’ syndrome, particularly when it is 
caused by multiple sclerosis, hypersensitive carotid reflex, vertiginous 
epilepsy, spasmodic occlusion or thrombosis of the brunch of the jiostero- 
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inferior cerebellar nrterj’ supi)l 3 *mg the veslibnlar nuelel or meningiomas 
at the cerebellopontine angle have been confiisetl with Meniere’s disease. 
In these the cardinal .sign of deafness in the involved car is absent. 

AUDIOMETRIC TESTS 

The deafness in Itleniere’s disease is of a base type with decreased 
bone conduction. Mygind pointed out that this is an inner ear conduction 
deafness, being due to an increased pressure in the endolymph. The endo- 
lymph is not a ncund structure but part of the conducting incchanisin of 
the inner ear and therefore tleafness pro<lucetl by a disorder of the 
perilymph or endolymph should not l>e referred to as a nerve or percep- 
tive deafness. This type of deafnes-s is chanicteristic of hydrops of the 
endolymph, being found othem'ise only in an occasional case of tubal 
occlusion. It is usually better brought out by tuning fork tests than by 
the audiometer. With the audiometer it is more noticeable in the bone 
conduction curve than in air conduction. 

FtWCTIONAL TESTS OF THE LAB\’R1NTH 

I have found that caloric testing by Kobrak's miiuinal stimulus 
technic, using 5, 10 and 15 cc. of Ice water, is useful in testing tlie func- 
tional condition of the cquilibriul labyrinth. In Meniere’s disease tlie 
usual finding is a hypoactivc labyrinth on the involved side. Occasionally 
in an early stage of the <Useasc normal labyrinthine function will be 
indicated by the test used. In my experience a hyperactive labyrinthine 
reaction is rarely found in a case of definitely established M6ni6re’s 
disease. 


SELECTION OF SURGICAL PROCEDURE 

In 1871 Knapp compared the causation of Meniere’s disease to that 
of glaucoma. In 1897 Clieatle expressed a similar opinion, suggesting that 
Meniere’s disease may be caused by increased pressure of fluid in the 
labyrinth resulting either from increased production or decreased drain- 
age of the perilymph. On the basis of these hypotheses he suggested that 
Meniere’s disease might be relieved by decompressing the perilymph by 
opening through the bony labyrinth. This suggestion was not followed 
out, however, until 190-t. In August of that year, by a curious coinci- 
dence, the first accounts of two operations to relieve aural vertigo and 
tinnitus, one by opening the semicircular canals, the other by intra- 
cranial division of the auditory nerve, appeared in the Journal of Larijn- 
gologij and Otology. Parry based hb operation of division of the auditory 
nerve on a fancied analogy between Meniere’s disease and tic douloureux. 

Destructive Labyrinfhotoniy. — Milligan described the procedure of 
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opening the bony labyrinth for relief of the syinptotns of Meniere’s 
disease in the same issue IjJikehacl {mblishe«l an account of an operation 
on the labyrinth for the relief of jMenierc’s disease in June of the same 
year but in 1900 he ga\e Milligan the priority as far as Uic time of the 
performance of the operation was concerned. In this later paper Lake 
stated that he woulil not dismiss the \*arioiis methods which had been 
described for the di\ision of the nuditnty* nerve williin the skull, not on 
account of the high mortality rale which had follows! these operations 
but because it seems tlmt we have every reason to believe that nlierc 
intracranial division of the auditor)* nerve has been successful, direct 
destruction of tbc posterior half of the tncmhranous labyrinth would 
have been equally cflicaeious as far as \ertigo is concemctl IMiat was of 
greater importance still, Lake believed, was that the operation of destruc- 
tive lab) rinthotomy ajipcarcd to be nillioul risk to life. Lake rcjiorted 
data on (5 cases in n hich liie operation was successful in so far as vertigo 
was ronccrneii, bwl nas wilhont nJicf !/> inJoJeraWe nojves in the 
head In 1910, Lake rcporlerl data on 4 more cases of Meniere’s disease 
in which the operation had been successful, bringing his total to 10 

In 1024, Milligan reported that after destructive labyrintlioloiny on 
the affected side 20 patients who had Meniere’s disease were eompletcly 
relieved of vertigo with complete relief of tinnitus in 40 per cent and 
partial relief of tinnitus in an additional 20 per cent. All patients were 
completely deaf in the ear on which the oiicralion hud been performed. 

After this pajier there ncrc only siKirndic reports of treatment of 
Miniire’s disease by ile^tructivc Inbyriiilholomy in ibc literature until 
1943. In that year Day rcportcil complete relief of verligo in 7 cases in 
which labyrmthotoniy, followed by destruction of the mcnibranous 
labyrinth by elcctrocuulcry, hail liccn <lone. Day reported temporary 
retention of hearing in the car on nldcli operation had been performctl 
in 4 cases but the hearing was j>enuanenll)’ mainlainctl in but 1. Day 
reported that the hearing retainnl after operution is not uvefui. In I 
case of Meniere’s disease m which the origin of the symptoms appcarctl 
to be bilateral, partial relief of symptoms was secured by unilateral 
labynnthotoTQy. Day rcporletl that control of the symptoms liy mcibc.il 
means, wliicb bad been imjKissiblc before the unilateral labyrinthotomy, 
was readily accomplished afterward. 

Cawtliorne in 1943 rcporteil the effect of labyrinthotomy followed by 
seizure and removal of the membranous Imrironlid semicircular canal in 
48 cases of Meniere’s disease. Relief of the vertigo was securetl in all of 
these cases. 

In 1946, Day reported complete symptomatic relief in 30 udditiorml 
cuse4 of Meniere’s disease in wliicli dcslruclbe labyrinthotoiny by Ins 
teclinic bad been done In the same year Cuwtliorne rcporlc<l uniformly 
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s^ccc^^fuI rc^uft*? in IIG patients with Meniere’s di^en^c oponilwl on 
nillioiit any tintowan! re^ilts. 

Intracranial Division of Eighth a paper p«i)H><iu'il in V.MH 

and in papers snhsc<i«cntly ptihli'jhwi I>andy sagpestcf} intracranial 
«iivi>ion of the auditory nerve a> the oi>eration of clioice in iwr-istent 
aural vertigo and niay be said to have cslab!j«li«l thcoperation in favor 
for a time Jle siiggoterl nnwlificalion of the procetJure ct>n''i-'tit)g of 
Iiemi«cction of the nerx'c, enough fii>ers of tl«e audilnrv- division beir»g 
spareil so tliat coelilear fiinetion nould !»e preserxeti. 

Crowe rcporte<h however, that in only 32 per cent of tljc c:j«c.s in 
v.hich Dandy luad performed hcniisection of the eighth cranial nerve 
(cases which Crowe had subscqucnllx renewal) was heniiscction Miccess- 
ful in preserving hearing in the car on which the openition had In-en 
performed. In the remaining four fifths of the patienl.s. hearing was 
found to be lost immediately after operation or deteriorateil rai>idly 
after the proce<lure. 

In suggesting hemisection Dandy was working on the basis of the 
hypothesis tJiat Meniere's diNcase wo,s analogous to trigeiuina! neuralgia 
and that a degenerative proccs.s in the fillers of the vestibular branch of 
the eighth cranial neiwc was responsible for the symidoms. The weiglit of 
exndcnce as to the cause of Meniere's <lUease appears to l>c strongly 
against this hypothesis. 

In consideration of the prepouderance of case.s showing evidence of 
serous labyrinthosis among authenticated cases of Meniere’s disease, one 
is surprised by the fact that h appro.virnatcfy a fifth of the cases of 
presumed Meniere’s disease in which D.infiy performotj hembcclhn of 
the eighth cranial nen e useful hearing should have been preserved in the 
ear on which operation was done. 

Hallpike and Cairns were the first to suggest that the underlying 
pathologic process in Meniere’sdi^^case appears to be an inerca.sed x’olumc 
and pressure of the endolymph having its primarj* expression in the 
ductus cochlearis. There would seem to be nothing either in the surgic-.il 
procedure of intracranial divdsion of the eighth ner\-e or in destructix-c 
labyrinthotomy to tenninate the fundamental physiologic dysfunction 
which is producing the lesion when such a process is pre.«ent. Tlie natural 
tendency should be considered to be a continuation of the abnormal 
pressure on the cells of the oigan of Corti, which has been shown to lead 
to their cx'entual atrophy and death. It is known that surreal procedures 
have a temporarily inhibiting effect on the c.vpression of allergic disease, 
and I ha\-e presented exddence to indicate that Meniere’s disease is a 
form of physical allergj'. Tins inhibiting factor might account, therefore, 
for a temporarx' remission of the endolxinphatie hydrops responsible for 
the symptoms of Meniere’s disease in a gix-en case. On the other hand 
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the confusion in diiiRiiosis iiilro(hicc<l hy l!ic concept of Meniere’s 
syinploin comjilex or syiulromc, in which are included all cases exhibiting 
vertigo, nniiscu or vomiting without rcganl to the presence or absence of 
signs of coeJilear itivolvenicnt, may have been a factor in proilucing this 
result In some eases whieh were not in {net representative eases of 
Meniere’s iliseasc operation ma 3 ’ have been performwl under this 
diagnosis. 

Another possible reason for the lack of success of the procedure of 
hciniseclion has been dcinonslfjile«l by llnsinusscn in bis study of the 
funicular pattern of the eighth cranial nerve. Rasmussen statwl that in 
only a fair proportion of the nerves that he studicti microscopically were 
two grossly distinct trunks formed. These rarely represented a true 
division into cochlear and vestibular fibers, for in nearly all such cases 
there were obvious vestilmlar fibers tii the cochlear tnmk. He stalc<I 
that in one such iiors'c scctionetl nearly one fifth of the apparent cochlear 
iicrs’c was occupied b^* \•c^tibu1a^ fibers In bis opinion in resection of 
what was prcsiimabli the vestibular nen-e in this instance, about one 
fourth of the vestibular fibers would escape being cut. Rasmussen nlso 
showed that in ncr\'c trunks where no apparent nn.atomic division is 
present the division of Glwrs is such that many vestibular fibers wouhl 
remain uncut by the technic su^cstwl by Dandy. It appears on tho 
other hand that if the surgeon tries to make sure that the vestibular 
fillers nre all dividetl, not enough cochlear fibers would remain in most 
cases to carrj- on coclitcar function 

^YalsU and Adson in reviewing their results following intracranial 
division of the eighth cranial nerve reported that in those eases in which 
lietnisection was done, when hearing w-as preserved vertigo was not 
ahollslicd and when vertigo was aliohshc*!, hearing was not prcscrvetl. 

Putnam stated that intracranial section of the eighth nerve was neither 
a.s easy, rajiid nor safe as some accounts would lead us to believe. 

Cairns cstiinateil the mortality nilc in intracranial division of the 
oigblli nerve to be in the region of 5 jicr cent with a rather large mor- 
liidity rate due to injury of other closely associated cranial nerves 
Although he was one of the earlier neurosurgeons to advocate intra- 
cranial division of the eighth nerve in cases of IMcnicre’s disease, he 
appears to have abaiidonctl this proccrlurc in favor of the destniclivc 
labyrintholomy done ?jy his colleague, Cawthonie. 

Previous to the introduction of the suUonatnldc compounds ami the 
nnlibiotics the argument had some validitj' that opening up the peri- 
Jvmphalic and cndolympatliic spaces when nature had not fomu'd a 
protective leukocytic barrier to the invasion of the arachnoid sac might 
expose the patient to labyrinthitis and meningitis from organisms reach- 
ing the middle car through the eustadiian tube or peritubal lymph.ilics 
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!Morc Ilian 50 sncli opcrallons linil been rcjKirtcrl, however, wllliout Mich 
a coinplicalion developing. Since tlie inlrodnclion of these drugs this 
fear has been demonstrated to have no basis whatever as more than dOO 
cases of destructive labyrinthotoiny have been reported without death 
from infection or other causes. 

Northington and Barrera in studying the responses of monkeys after 
extirpation of the labyrinth ns well as after section of the eighth nerve, 
both unilateral and bilateral, confirmeil the findings of Lake in regard to 
the human. They found the results ns far as hibyrinthinc physiology' is 
conceme<l the s.ame whether the labyrinth in question was destroyed or 
the eighth nerve was sectionc<I. 

In the surgical treatment of Meniere’s disease we liavc the choice 
between a major surgical procedure involving craniotomy with the open- 
ing of the arachnoid sac and carrying relatively liigh mortality and 
morbidity rales and a minor surgical procedure done through the mastoid 
which does not open the arachnoid sac aiul has a ncgigible mortality 
rate and a very small niorliidily rate. It has been observed that both 
procedure.^ produce the same clinicid aiul physiologic cfTccU, From the 
standpoint of the well-being of the patient it would apjicar, tlicreforc, 
that destructive lahyrinlholoiny Is the proccilurc of choice in the average 
case. Only in the small group of case.s of Meniere’s disease in which the 
hearing remains good, owing to lack of spasm of the cochlear liranches 
of the internal auditory artery, would the <picstion arise as to wlicthcr 
the operation should be hcmiscctiow of tbe eighth nerve or destructive 
labyrinthotomy. It is a question as to whether the chance of preserving 
the hearing, W’bich appears to be in the ncighborliood of 25 per cent, 
offsets the mortality and rnorbhlity rales of the intracranial procedure. 
This question is, and probably always will be, debatable. 

INDICATIONS FOn DESTRUCTIVE LABYRINTHOTOMY 

The type of case in which surgical intervention can be expected to 
produce symptomatic relief and the type of surgical procedure best 
serving the continued w'ell-being of the patient having been decided on, 
the specific indications for surgical intervention in the individual case 
may be considered. 

Factors to be taken into consideration first are the general condition 
the age and the economic and social status of the patient. That the 
general condition of the patient should be good enough to withstand 
surgical treatment goes almost without saying. In addition to this the 
expectation of life should be sufficiently long to make the duration of 
relief from symptoms as a result of tlie surgical procedure seem worth 
while. Because Meniere’s disease has as its basis a localized type of 
autonomic dysfunction otherwise known as a physical allergy , a tendency 
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toward wliich appears to he mhcr3tc«}, a «irc of Meniere’s dtseaw, in the 
sen‘!e that the fuinhiincjilal hnsis of the ihsonler can l)c eliminated, 
reii’'Onal>!j cannot lie e\i)ccle<l *nie inwiicnl trcatincnl can Bceompli*?!! 
no more than to throw the patient into a remission, nhich occasionally 
can he mainfamci! by ilictao’ and thcr«|»cutic measures for an indefinite 
lime, bill the lendcnct- lowiml recurrence of symptoms under the stress 
of infection, fatigne, emotional pcrtiirhatttms or endocrine disturbances 
such as the inentipmtse is always present It has been said that the 
symptoms of Meniere’s dijrf'a'o may lie m»n!cd l>y medical treatment 
h\»t not abolished Tlicreforc, if the disease ts to be controlleil fjy mcilical 
treatment, the patient must Iwuiosiluatioriand nn ciMnomic status such 
thill Uc or she can affotxl the time im<l attention necessary for more or 
less eontimious- treatment with more or less frequent tncdica! con.suUa- 
lion In a laborer upon whom dcjicinls the support of a family the most 
sensible procedure might lie a surgical intervention in any case 

In addition to this the psychosomatic clTcct of an operation on the 
patient ought to Ik* oonsidcrcsl. If the patient can be reasonably assured 
that 111 11 result of an operation ‘‘crises'* of the disease will not return, 
a t'cr}' rcid anxiety and feehns of insecurity will be rclicvcti. In ccrUim 
patients the p’lj-chosomatic aspects of M^mere’s ihseiisc assume major 
importance In such patients surgical intervention should lie given care- 
ful consideration even though relatively good results are being ohtaineil 
by medical therapy 

In considering the propriety of surgical intervention the possibility of 
a recurrence of the disorder at a later tunc m llie iinins'olv’cd ear becomes 
a ijucstion of importance The cvnlence limt Menicre’< disoflso is n 
jocnhzed type of autonomic dysfunction, the so-callctl physical or intrin- 
sic allergy, is very iinprcsstve ft is well known that lu the physical 
allergies of the head, which include the iu.valgias, the vasodilating pain 
syndrome ami Meniere’s disease, the major expression of the disease is, 
and tends Vo remain, wndatcral In^Unccs m which the disease involves 
both sides of the body or, after occurring on one side, later involves the 
oilier swie, do occur, but arc rare, 'rims «v Meiuere's disease in only an 
occnsiona! instance null an cxprcssioai of the disease sufficient to produce 
the distressing “enses” be found on holU sules even though Cawthomc 
and Hallpike liave found minor «>eiilear cvi<lciice of the iliscase to be 
present on the "uninvolved” s«lc m about 85 per cent of their eases 

Instances in which after one ear tiaa been dcstroycil the disorder Jtas 
later appearetl in the other car arc not reported in tlie literature and 
have not occurred in our cxjimcncc at the CUmc Tiicrcfore, the ap- 
pearance of major symptoms ongiiiating from the opposite car offer 
Mirgiciil mtcrvciilion on one ear need rarelj' lie imticipated. It would 
.seem, therefore, that the meidenee of this emnpiicatiou ttoidd be so fow 
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Ibtvl it can lie ignorctl iti consi<lcring llie suiUibilUj* of a patient with 
^lenierc’s disease for surgical Ircalincnt. 

In bilateral Meniere’s disease the question as to \Ylictbcr operation 
should be perfonuinl on one or Iwlh carsiitiisl be considcrctl. 

The purpose of the uliole intepraloil meclianisin of exteroceptive 
and proprioceptive stimuli of which the c<iuiHbrial labyrinths arc tlic 
master organs is to maintuin an intact and sternly visual panorama ou 
the retina. As Tail staled, “It is one of the marvels of onr organizjition 
that the three pairsof canals working in association willi the four straight 
and two oblique muscles of the eye present us (or any vertebrate) with 
an adequate view of tbc surroundings even tliongh the pedestal or sup- 
port of tlie regi-stcring camem be temporarily rocking or .swinging.” 
If only one labxrinth be <lostroyc<l, adequate or complete comiicnsalion 
for the destroyed end organ may lake place after an interval of a year or 
more. The unsteadiness present in a patient during the period that such 
compensation is being developc<l has been tcrmctl by Kerrison, the 
“vertigo of labyrinlbinc dcstruclion.” lie mentioned the case of a .steel 
con.struction worker, who was able to resume work on the .skeletons of 
tall buildings within a year after destruction of one lahyrintli. K 

^^^lcn both labyrinths have been destroyed, however, such conijiensa- 
tion does not appear to take place. Dandy rcporle<l tliat division of both 
vestibular nerves is ntloiulcd by jumbling of visual objects while the 
patient is in motion but that as soon os the patient is at rest the visual 
panorama is again perfectly clear. He noted that one of his patients was 
unable to saw along a straight line. He also slated that the patient is 
uncertain when walking in the dark. He fouml that both conditions were 
permanent. These findings would indicate that a patient on w-hom a 
bilateral destructive labyrintholomy had been done would be confined 
to a completely sedentary occupation, could walk only with difficully and 
could not drive a car. It seems (lucslionable if a surgeon often woxild he 
justified in producing such a helpless person, especially when one con- 
siders, as Day originally suggested, that in bilateral Meniere’s disease, if 
destructive labyrlnthotomy is <lonc on one side, the symptoms arising 
from the opposite side are much easier to control by medical treatment. 
These facts would seem to weigh against the performance of bilateral 
labyrlnthotomy even in a deaf-mute, an instance of which was reported 
by Milligan, where the factor of resulting complete deafness would not 
need to be considered. 

After destructive labyrinlliotomy in unilateral disease transient 
dizziness and diplopia are the mle, the degree to wliicli postoperative 
signs are manifested depending on the degree to ivliich the end organ 
had become destroyed during the progress of the disease. The vertigo 
usually reaches its peak about forty-eight hours after the operation and 
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has usually completely iHsapiwarcil at the cn«l of a week to ten days. 
Tlie dizziness of labyrinthine doslntclion lakes longer to disappear but 
Cawlhornc found that IIG patients on wliom dcstrtictis'c labyrinthotomy 
liad been done were glad with vciy few exceptions to return to work 
SNllhiti two months of the operation. The factor of persistent dizziness or 
Vertigo should not be n deterrent, llwrcfoic, in doing unilateral flestruc> 
live labyrinthotomy . 

In most instances patients should have had a trial with medical 
measures before destructive labynntholomy is suggcsteil, except in those 
instances in which the hearing has been so far tlestroycil by the disease 
that hope of restoring useful hearing has been lost and tn which the type 
of attack is such that it constitutes a source of ilangcr of serious injury 
to the patient The sudden falling attacks in which the patient drops to 
the ground "as though struck on the bcjul" are of this nature, as patients 
with this type of disortler h.\vc been seriously mjure<l or even killeil as 
the result of such an attack Since meilicat treatment cannot give any 
assurance that an occasional attack will not occur, a patient willi lliesc 
so-called "utricular” attacks should be submitted to surgical treatment as 
soon as possible. 

^STien there is a possibility of restoring useful hearing, attempts at 
relieving the condition by mc<hcal therapy should not be abandoned 
too soon. Horton has found that the first evidence of restoration of hear- 
ing m.i> not appear until after four to six necks of vigorou-s treatment. 
In certain instances, however, even though un3>rovofi, the hearing in the 
miobed ear is not useful, being rather in the nature of a handicap. 
Cawthoruc slated that often an important feature of the deafness in 
Meniere's dneasc ii discomfort due to the distortion of loud sounds, 
particularly when they are liigh pilchcil. Music heard over the radio, 
cliildren’s %'oiecs and the rattle of crockery often jar horribly. Other loud 
sounds, not necessarily high pitclied, arc likely to cause distress if thej’ 
are sudden and Hnespeefeti For this reason, Cawthoruc felt that the 
hearing on the affected side may be a definite handicap, and if, as is 
Usual m advanced cases, it is severely impaired, there is nothing to be 
gained, in cases in which only one sule b affected, by trying to save it. 

SUM.MAny AND CONCLUSIONS 

Owing to llie confusion introiluccd by the inisipiotutiou of SIcnicre’s 
original paper it is most important tliat a careful tliffcrenlial iliagnosis 
he made, for surgical treatment of the end organ is indicalNl only when 
the underlying pathologic condition appears to be spasm of the internal 
Unditory artery or its brunches 

ln*dcciding'between intracranial division of tlic auditory nerve and 
destructive labyrinUiotomy as the procedure of choice for relief of 
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Meniere’s disease, il wouW seem tliat from Oic slandjjoinl of llic well- 
l>ejn/» of the patient, owing to its frcwloiii from risk of dcatlj and relative 
lack of inorhidily, llic .snperiorily of destructive lahyrinlliolomy is 
incontrovertible. 

Patients with unilateral disease in whom the lienring on the involved 
side is too impnirwl to he useful and mIio Ii.ave failed to respond ade- 
fjuntcly to mcilical treatment or who arc not so situated as to ])0 aide 
to afford the time nn<i constant attention reqnirc<f for control of the 
tlisorder arc considered suitiddc patients for destruction of tlie end oi^'an. 

Patients in wJiom the tyjie of attack is sucli ns to ev{H)sc them to tfie 
danger of serious jdiysical injury (utricular attacks) arc also considered 
to be suitable patients for deslnicllve lahyrinthotomy. 

In bilateral Meniere’s <liscasc it is Ml that owing to failure of com- 
pensation after hilatend dcslniclion of the end organ, unilateral lahy- 
riutjiotomy only should Ik? done. 




THE MASTOID INCISION: ENDxVUItAL OU POSTAURICULAIi? 

II. I. Ltllie -kn*t> Kinsey M. Slmonton 

The principal consi<lcralions in planning the incision for any surgical 
proccilurc arc: (1) adwiuatc cx|K>surc of field of operation; (-3) return 
to nonnal function of slniclurcs alTccterl !»y incision; (il) drainage of 
wound; (4) repair of fielil of operation; (5) avoidance of unnccc^sary 
postoperative pain, nn<! (C) cosmetic results. 

Progress in the field of surgerj' rw|uircs that new inctliods l)e con- 
sidered and uscil and tlial the results l>e compartxl uilh those ohtuine*! 
by preceding methods. 

For several decades the postaiiricular incision has been the accci)lcd 
surgical approacli to the structures comprising the Icmpnrnl bone. It has 
withstoo<l the test of time and has been proveil to be practical by otolo- 
gists in general over a pcriwl of many years. Many variations of the basic 
incision have been proposc<l to tnect specific nce<ls. 

The endaural incision became popular in this country much later than 
the postauricular incision; hence, tola! experience with this incision 
is less than cxi)oricncc with the postauricular incision. In tire work by 
Brand and co-workers, Haworth stated tliat t!»e truTisuicalal approach 
is the oldest approach to the !nasloi<l process of the temporal bone. He 
•slated that it wa.s u.sc<l by Kessel, svho published a paper on inastoidec- 
toiuy in 1800, and by his pupil, Iloflman; that after the publications of 
Zaufal and Slacke the j)ostatmcxilar indsion became popular, and that 
^'on Eicken and Goinpertz rcvive<l the Iransmeatal approacli to the 
mastoid for use with local anesthesia. Willing credits Petit with having 
perfonne<l several operations on the mastoid prior to 1701. In 1912, the 
Tines’s advocated a method of iTansnicatal a]>proach to the temjxiral 
bone, but the Icchnic was not widely accepted. The current favor ac- 
corded the endaural incision for operations involving the temporal 
bone is largely due to the work of Lempert,**®’’^ who, in 1928, 1937 and 
1938, described variations of an incision to create an “endaural window” 
by removal of a block of epitlielium from the posterior wall of the 
external auditorj' canal. Modifications of the incision which avoid 
removal of epithelium were proposed by Kettel, Wiliams, and Wiitaker, 
Juers and Shambaugh. Lathrop stated that sebaceous and ceruminous 
glands are removed T\-ith tbe block of epithelium, thus reducing the 
necessity for periodic toilet of the resultant ca\'ity. 

Lempert favors use of the endaural approach for all surgical procedures 
on the mastoid. Johnson and Zonderman, and Woodruff and Kenner 
expressed the opinion that the endaural incision provides adequate 
^ 1093 
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exposure of the cell structure for operation on all parts of the mastoid. 
They also state that the view of the field of operation is less compre- 
hensive than ishcn the postauriailar incision is used. Keitel, Matis and 
Lathrop favor use of the endaurat incision in sclectcti cases. They do not 
advise it for cases in which cndocraiiial or vascular complications have 
occurred. 

Bastxl on experience with both the postauricular and cndaural incisions 
gained in the operating room, on study of the anatomic structure of the 
mastoid process, and on obseivatiou of patients from the lime of opera- 
tion to that of complete healing, we have made the following comparison 
of the two incisions in regard to the six points cmimcr.ited at the begin- 
ning of our report 


CO.MPAR/SON OP THE INCISIONS 

1. Exposure. — It is possible to reach ufl stnicturcs of surgical impor- 
tance within the temporal bone through oillicr approach Tlie cndaural 
approach provides shorter working distance to the tympanic canty, the 
epitympanic space, tlie mastowf antrum and the labyrinth. The post- 
auricular incision gives shorter working distance to the mastoid tip, the 
sigmoid sinus and retrosinus air cells. In our experience the mastoid cell 
system is more readily exenteratcil by means of the postauricular in- 
cision which provides comprehensive and direct exposure than by the 
endaural window nilh limitwl exposure which restricts the view to only 
one part of the cell slruclurc at a given lime If the relrosmus cells or the 
lateral sinus posterior to its upper knee arc involved it is very difficult to 
obtain adequate exposure by the cndaural incision. Extensive removal of 
the legmen mastoidcs-tympanicuni in cases of cpiilural abscess is more 
readily accomplished xiith postauricular exposures. 

The postauricular incision when camcil forward above the auricle, 
with elevation and retraction of the temporal muscle, provides eqiiallj' 
direct exposure of the zygomatic cells, mastoid antrum, cpitj-mpauic 
space and tympanic cavity. \Vorking tfislance from integument to 
tympanum is greater than with the cndaural approach, but, since 
adequate exposure is providetl, tins is not n handicap. The working angle 
in approach to structures in tlie anterior part of the temporal bone is 
nearly the same with cither approach when the postauricular incision is 
properly located. The postauricular incision is more readily adaptable to 
the needs of a specific operation than is the endaural incision, 

2. Return to Normal Function.— NeiUicr the endaural, nor post- 
auricular incision traverses structures of functional importance. 

3. Drainage of the Wound.— In cases in which pathologic change 
is limited to the superior part of the temporal bone, drainage can be 
established tlirougU the external auditory canal. Drainage from infec- 
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lioti.s in tlio region of the inasloMl lip may he efTected more directly Ijy 
• tlic posterior route. 

4. Repair of the Field of Operation.— Repair 
after complete mastoidectomy depcntls <m the virulence and deslrnclivc 
power of the infection and on the extent of the cavity remaining after 
operation. Dc.slmclive inflammation after operation i" at present rca<lily 
controlled by chcinolhcra\>cntic or mitibioUc agents. Tlie cavity remain- 
ing after subcortical exenteration of the mastoid cells by tlie cmlaural 
approach is larger than that which remains after tninscorlical exentera- 
tion by the postatirieiilar approach when the bony margins of the cavity 
arc suitably beveled, tlie tip rei»ovc<l aiui the jiosterior wall of the bony 
external auditory canal is partially remove<!. Since healing takes place 
by granulation, tlio smaller the cavity the more rapidly it is fillc<] and 
healing is coinplcte<l. 

Chronic Mastoidith . — After oi>eratiou for chronic ma.stoiditis, repair 
depends on lining the cavity with stratifli'd .srpiainous epithelium. Again, 
the size of the cavity is a significant factor. The cavity is subject to secourl- 
ary infection and to excc.ssivc grainitation, with coiisctiucnt delay in beal« 
ing until epithclization is complete. 

The endaiiral approach facililales .stilicorlicjd exposure of tlic mastoid 
antrum and contiguous areas. Subcortical operation residl.s in a smaller 
cavity than when the cortex is remove<l in eases in which the patliologic 
process is limited to the region of tlic mastoid antrum. Delay in epi- 
thelization of the endaural cavity results from tlic sharp angle of epithe- 
lium at the concha. This may be avoide<l by uudermining the epithelial 
margin at this point and turning the margin back into the mastoid 
cavity in the manner describe*! by ^Yll^lakcr, Jner-; and Sliambaugh. 

5. Avoidance of Postoperative Pain. — The principal cause of pain 
after mastoidectomy is the separation of the .sternocleidomastoid muscle 
from the mastoid tip. This is not neccssar}* in cases of chronic mastoiditis 
limited to the region of the mastoid antrum. Removal of tlie mastoid tip 
facilitates healing in most cases of infection involving the cellular 
mastoid, and should be done rcganlless of the approach employed. 
^Ye have not noted significant difference in postoperative pain in so far 
as the two types of incision arc concerned. 

6. Cosmetic Results.— -This is a factor of great importance to the 
patient. Favorable cosmetic results depend upon care in making the 
incision, avoidance of necrosis of skin margins tluc to excessive traction 
or burning with the .shaft of the burr, and upon the care exercised in 
beveling the edges of the bone and in suturing the incision. Sloughing 
wounds resulting in large depressed scars may be avoided with present- 
daj' surgical procedures and drugs. Open packing and secondary suture 
of mastoid wounds have been abandonc<l. An enlarged , distorted ex'ternal 
auditory meatus is more prominent in location and thus more unsightly 
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liiiin a iJcprcsscd postauticulnr scar. Tlic resultant scar from a pn((tcrly 
excculwl incision of tlie musloid in either location is scarcely noticoahle. 

SUMMAIlY AND CONCLUSIONS 

The choice of incision is dependent upon the anatomic location and 
extent of the pathologic process present. 

Endaiiral incision is favorerl for fenestration of the lahyrintli for 
otosclerosis and for operations limiteil to the region of the tympanic 
cavity, epityinpanic space, and mastoid nntnim, including small choles- 
teatomas 

Tostauricular incision is favoreil for complete mastoidectomy in acute 
mastoiditis, for modified radical or radical mastoidectomy in cases with 
extensive cholesteatomas or chronic suppuration in unohlitcrated inaston! 
cells, for complications involving the dura or lateral sinus, for exploni' 
lion of the petrous pyramid, and because of greater ease of light wound 
closure, for destructive labynnthotomy 
In case of doubt as to the extent of the pathologic process or complica- 
tions present, postauncuUr incision is employ od because of its greater 
adaptability 
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THE ANESTHESIOLOGIST NOW ANT) IN THE FUTUUE 
Jonx S. I^tiNOY 

In tins paper I .shall try to prcsciil Mime problems in anc.slhcsiolojry 
which arc of prime concern to the gencnil surgeon at this moment of 
writing. I sUivU also cmleavor to imlictilc, us licat 1 may, the direction iti 
which I believe the fieltl of unc.slhe.sio!og\* will progress, atul the objectives 
of the future which it is jmvsiblc to <lis<*crn, however imjierfectly, at tin* 
jirescnt. 


T»e PKESUNT 

The anei.lhcsiologij.1 of today has had an opportunity for formal train- 
ing that was not available a few years ago. This training should penult 
him to gain a knowledge and experience with anc.slhclic agents and 
methods that ordinarily he would not jios^ccs. Hence, tcMhiy it is truer 
than ever that the anesthetic agent itself i.s not the alldmporlanL con- 
sideration; rather it is largely the skill with which it is uswl that tnake.s 
the agent otlcctivc. I’he rcswlt is» that no one agent or method has quite 
the importance that it used to have. 

At present the anosthosiologisl is in a position to olTer a very wide 
choice of anesthetic agents and methods for most operations. He can fit 
the anesthetic agent and method to tlie patient’s condition, to the opera- 
tion, to the surgeon’s iikes and disUkes and bo can gnarrl against tbo 
tlanger of fire and explosion. He can help generally with preparation of 
the patient before ahesthesia, regulate the supportive measures iieeiletl 
during operation and give the patient proper care after aneNtbesia. 

If the anesthesiologist c-an meet the jiatient beforehaml, and the pa- 
tient develops a liking for him, he has the additional advantage of the 
patient’s confidence, which is most valuable. Kven when we who arc 
physicians are faced with the nectl for mciUcal or surgical attention, wc 
respond better to the opinion and care of the one in whom we have 
confidence rather than we do to those of a stranger, unless he comes 
especially well recommended. Actually, it is almost always possible for 
the anesthesiologist to see the patient before the patient comes to the 
operating room. Usually, he can sec the patient the day before the opera- 
tion and decide on preliniinarj' medication which will properly augment 
the anesthetic agent that is to be used. 

It is advantageous for the surgeon and his anesthesiologist to make a 
point of establishing the patient’s confidence in the ability of each to 
give the patient the best of care. Judicious use of preliminary mediciv- 
menls, in addition to giving the patient rest and putting him in a good 
1097 
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frame of mind, will tend to bring about a sedative effect ■which actually 
reduces the quantity of the anesUietic agent to be used. Individual 
attention must be given to each patient, so that he will not be overdosed 
with drugs. This is particularly important when an inhalation or intra- 
venous anesthetic agent is «se<l, because in such an event it is desired to 
avoid respirator^’ depression. AYlien local and regional methods of anes- 
thesia are used, however, it may be wished to secure more effect from 
preliminary medication than would be needed if general anesthesia were 
to be used It is in this particular field that the anesthesiologist must 
exercise his knowledge and experience, since no other member of the 
surgical team is as much concerned s\'ith the problem as he is 

"When morphine in .solution is employed, it is often accompanied bj’ 
more morphine depression than when morphine in tablet form is used, 
unless the dose of the solution is very small Generally, the likelihood is 
that the nurse will administer more than the dose ortlered, because she 
must measure the solution in her syringe, in whicli procedure the tend- 
ency is to enlarge the dose, whereas when the tablet form is used the dose 
is gradually reduced in the handling of it. 

Both anesthesiologists and surgeons have noticed that the choice 
of anesthetic agent is influenced greatly by tlie patient’s choice. Some- 
times this IS good practice, but sometimes it is not Acceptance of the 
patient’s choice may make it iliiBcult for the aneslhcriologist to produce 
the results desired by the surgeon and at the same time administer the 
anesthetic agent the way the patient wishes to have it done However, in 
view of the advent of intravenous anesthesia, the introduction of curare 
and the excellent gas machines that are available, as well as the Maglll 
intratracheal tube, it is now possible to induce anesthesia in a manner 
more comfortable for the patient. A small degree of general anesthesia, 
for example, can be supplemented by some method of local or regional 
anesthesia 

After the patient has received the proper premedication, the anes- 
thesiologist may then proceed with wlialever incthoil of anesthesia has 
been decided on, with the idea that if general anesthesia is to be em- 
ployed, induction may be carried out in association with a small amount 
of intravenous anesthesia, such as is produced with pentothal sodium. 
If the method is to be essentially inbalation anesthesia, then the anes- 
thesiologist must be guarded in the amount of pentothal sodium that is 
used. As a rule, patients require from 4 to 8 cc of n 3 5 per cent solution 
of this agent. The gas mask is applied to the face as soon as the patient 
appears to be quite sleepy, so that he will have no memory that the mask 
was put on his face or of when he lost consciousness. Prom the anes- 
thesiologist’s point of view, it is important that the dose of pentothal 
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sodium be small, because the coinbine<l cfTecL of prclimijiary mc<licalioii 
and a fairly large dose of pcntolhal so<lhnn interferes with respiratory 
effort, and defeats the effort of the nncstlic.siologisl to introduce enough 
anesthetic in the blood stream to produce rclavalion. It is the genend 
anesthetic agent which must l>c inhale<l in sufTicicnl amount to ]>roducc 
the dcsire<l results. 



Fig 425. — A modiGcation of Courlm’s device for tlic separate ndminislration, 
through the same needle, of solutions of curare, pcntotlial sodium and blood or 
fluids, (.lleproducod, ^ith permission of the publishers, from:Lundy, J. S.- Trends 
in Anesthesiology. Anesthesiology. In press.) 

On the other hand, if the aiicslbesiologist washes to avoid the use of 
ether and of inflammable gases, it is possible to introduce the solution of 
pentothal sodium in proper amount from one syringe, and to introduce 
the desired amount of solution of curare from another syringe. Further- 
more, if necessary, supportive therapy can bo provided, all through the 
same needle. A device which facilitates this procedure is illustrated 
(fig._425). 

Nitrous oxide and oxygen (half and half) may be administered. This* 
provides some analgesic effect, supplements the effect of the other agents, 
and at the same lime gives an abundance of oxygen. 

The posture of the patient can be utilized to better advantage and 
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Fjg —L'sf* ijf aji ijiiratrarheal tulie through Ifio mouth A, larjnRO'=cop(' 
and tube,/, laryngoscoj’® moves the tongue, <?, and A, epiglotlii, bo that c, the vocal 
cords arc exposed to view. Uie lotratraeiieat tube is inserted along the blade into 
the glottis and trachea B, Same as in A, except tliat t, Magill forcopv direct the 
tip of the tube into the glottis C, The full-length intratracheal tube lying in 
place so its tip almost reaches the biCorcation of the trachea (Reproduced, with 
permission of the publisher, from Landy, J S Clinical Anesthesia Philadelphia, 
W. B Saunders Company, 1912, p 461 ) 

performance of the operation can be faeiJiliilCff by the use of an intru' 
tr.iclical lube. This tube can be introduce! through the month (fig 42G) 
or the nose, as illustrated (fig. 427) The use of on intratracheal tube often 
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vision , 

* ■ ^ - ...w '.vvv. fcvottis. D, 

Ivasal tube properly placed, the tip lying midiray between the glottis and the 
bifurcation of the trachea. (Reproduced, with the permission of the publisher, 
from; Lundy, J. S. • Clinical Anesthesia. Philadelphia, W. B. Saunders Company, 
1042, p. 458.) 
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penmls the surgeon to lm\ e an field tiiat is not interfered with 

by the nnestbetut’s mask or hia hands. Tiie a/rwaj* is eveellent and 
aspiration by the patient of xnaleria! from the stomach into tlie trachea 
ustially IS prevented. Aspiraljon by the anesthesiologist of imilenal in the 
tracheobronchial tree is expedited, because a catheter can be passed 
through llio intratracheal lube for this purpose. 

It IS important for the anesthesiologist to see that liis patient is placed 
in sncli It position on the operating table that the ^-itaf functions arc not 
interfered with , for example, ft patient nho has a cardiovascular condi- 
tion may be placetl on the table and maneuvered into a relatively com- 
forlable position before anesthesia is begun In many instances tlie 
patient himself ia the only one who can be certain that the position is one 
which he can tolerate. If he can tolerate the position when awake, lie 
probably can tolerate it when be is unconscious 

Methods for anesthetizing children sometimes must be laodifieil to 
meet Iho requirements of the small p.»tient niere are allaclnncnts and 
devices svhich permit the use of modern aMcstboio cijuipment not only 
for adult persons but also for children ami liabics. 

SupportiN'c therapy at present consists largely of the use of solutions of 
crystallized material, blood and plasma The introduction of the Kh 
factor into the transfusion of hlood has complicated the picture some- 
what, and the use of plasma has not been without some dilBcullies in 
respect to virus hepatitis Correnlly, irradiatetl plasma is, being made 
avaihibie, and it is saiii to be free of this hazard. 

\^'hen the triuisfusion of blood is nccessnrj', the anesthesiologist should 
know the groiqi of the blooil of the patient and nlielher his blood is Ilh 
pobitne or Ilh negative Blood can be prcservcil for onB' a limited perioii. 
Refrigerators arc nccessarj- to keep it chilled, and elaborate records must 
be kqjt in respect to the donor Th e anesthesiologist must be prepared to 
take the re'.pomibility of using blood that is not exactly suitable for the 
jjatient, should such an action become imperative 

At the time of operation it will be found that some patients liavc veins 
into which injection cannot l>e nude easily, or that some are cliildren 
whose veins arc diflicult to find In such an event a 17-gage needle can be 
introduced into a vein after aneslliesia has been induced since the veins 
are then well dilated. The needle may be left in place during the opera- 
tion, so that if blood is ncedeil it may be administered by gravity. At tiie 
end of operation a sniail poJj Ihene tubing may be introduced into the 
vein through the needle ami the neeiilc may bo removed (fig. 428}. I’his 
tubmg permits the atlminislralion of fiuids by gravity or blood or plasma 
given by syringe for a period of time Sooner or later the vein may react to 
the tubing, but for the most part, in difficult situations, the tubing serves 
a very useful purpose. 
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For most busy liospilals the mUlilion of a poslancsthcsiii room is of 
imporlancc. \Yhcn such u room is a\'ailablc the nncstliesiolopsl secs cacli 
patient before he leaves the operating room, and elccidos whellier the 
patient is sufficiently awake ami whether his cnnclilion is goo<l enough to 
justify his return to his owm room. If not, the patient sliouhl l>c sent to the 
postanc&lhesia room (now becoming known as the “P.A.U.”)i nnd tlicre 
lrainc<l personnel care for the patient until his condition is such lliat he 
may be rctumc<! to his room and will not l»e u hunlcn to the floor nurses. 

I may say that I have had a verj- pleasant experience willi this sort of 
procedure, for I eslnblishtxl such a room on Marcli 17, 1012, at St. 
Mnrvs Hospital in llochestcr, Minnesota. TJirougli that room have gone 
a great many patients. The room ami its henefits Iiavc been a great 
satisfaction not only to me, to the hospital and to my surgical a‘>sociatc.s, 



Fig. 42S.— a, A IT-gage needle is first inserted io a \ein; then a small section 
of polythene tubing into the vein through the iT-gagc needle; 6, tl»e needle has 
been removed from the vein and the section of pob-thcnc tubing remains for the 
administration of fluids by gravity, or blood or plasma by means of a sjTinge. 

but also to the nurses on the floor. The patients go through the iinmc<Halc 
postoperative period while they arc recovering from the anesthesia in a 
place in which all necessary facilities exist, such as suction, oxygen, l)e<ls 
a*ith sideboards and all the devices that may be ncotled in the event of 
complications. This room is visited every hour on the hour by a pljysician 
from the Section on Anesthesiologj* who keeps the supervising anes- 
thesiologist informed as to the situation in the postanesthesia room. A 
trial of this arrangement is all that is necessaiy in order to convince those 
concerned of the desirability of it. 

The fact that the anesthesiologist uses ncetlles in his daily practice 
makes it logical for him to be the person to expedite intravenous therapy 
in an institution. Such work is of real assistance, especially in difficult 
situations. The anesthesiologist may be equally valuable when.lumbar 
puncture is difficult. Psychiatrists and neurologists who employ shock 
therapy will find it desirable to employ the anesthesiologist to administer 
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( umi tiic occurrence of fractures 

a vise of euwre ma. 3 ' be field to a minimum. ARain, if an 

untoward rcaclion should occur m a hypersensitive (icrsou the anes- 
thesiolojjist wU iiavp with lutn suitable eijuipiuent and drugs for re- 
suscitation and supjiorl of the patient. 

In the control of patients suffering from conditions such as tetanus or 
some cQnvulsi\-e disturbance it is fogiesti, also, for the anesthesiologist to 
be the person to bring the patient under control, at least temporarily, 
untd effective treatment can be instituted for his disease or condition. 
\\4icn a patient is suffering from an ovcnlose of dnigs, for mstauce, or 
increased intracranial pressure or some coiuiition. which interferes with 
respiration, tJic anestbcsiologiil « prepared to introduce an intratracheal 
lube and to carrj' on artificial rospiration for a considerable period or 
until effective treatment can be instituted lu the immofUate po.stopcra- 
livD period the anesthesiologist U'Ually can aspirate excessive mucus or 
fluid from the tracheobronchial tree , he can draw' off air from the thorax 
m the presence of pncumoihorav or he can even draw off fluid if acute 
hydrothorax is present. 


THE FUTURE 

It is rcasoniible to suppose that the anesthesiologist of the future will 
be supenor to most anesthesiologists of today in respect to the boily of 
knowldige he will possess and the equipment that will bo available to 
him Xt'W ivne-thoiic agents constantly arc being dcvelopcil ; moreover, it 
ii possible that nciv methods will permit the employment of old agents 
to greater .wU'untuge than is possible nt present. 

A good exiiuiplc ol what a new mcOiod can do for an old anesthetic 
agent is seen m the use of procaine Iiydroehloridc for continuous spiiinl 
anesthesia, m which the method itself enables procaine lytlrochlondc to 
give results that are better than could be obliuneil by the singlc-<l<)se 
method with cither procaine bydroeliloride alone or aiii* of the long- 
lasting substitutes tluT.L have been dcvcloperl hitcly. 

The introduction of curate for the purpo^of prcKlucing relaxation has 
made it possible to employ the combination of pcntolhal sodium and 
nitrous oxide and ox.s'-gen, so that Uie hazard of fire is almost ehminatcii 
and yet the lienefits and virtues incident to the use of tlicse mild ancs- 
tbelie agents can be retained while tlie surgeon is provided win- •’ ■ re- 
laxation necessary for accomplis}if»*-»'‘ ' ‘ . lUs. 

In the future ’ ' • ’ n-ill 

be found ths • ’ maa curare is now. At the 

moment, met . cui'.ire is being reuivesligated on the theory that it 
m.iy be less tiepressing to respiration than d-lubocurorlne. Myanesin is 
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being rcinvcstignlcd to lesl the possibility Ibat in certain conditions, and 
es])ccially spastic states not necessarily reejuiring surgical treatment, it 
will produce some degree of rclavalioii an<l cm be given by mouth. These 
investigations may lead to important developments. For instance, a 
belter intravenous anesthetic than t»enlotiud .sodium may lie developed, 
allbougli penlollud sodium seems to Imj a verj* cfTcelive agent. 

Doubtless the efforts of llic nnesllicsiofogist of l!)c future will be to in- 
crease bis value as a memlier of ibe surgicid team, ns a member of the 
hospital staff and j>s a inciul)er of the community, lie will familiarize 
himself with cardioloRV to such a |>oinl that he can co-ojieralc intelli- 
gently with the cardiologist, understand the ctmliologist’s poiivt of view 
and by means of his help develop a device wliicli will pcrTnit him to 
recognize a cardiac condition from moment to moment during oi)eration, 
so that the jiatienl may be brought Ibrougb the whole period of .surgery 
and the postoperative ])crio<l with as much certainly of safely as will be 
pos.s\ble. 

I hope to see a device in the operating rooms, where it could be viewed 
by anyone, which will give infornialion concerning the licarl, il.s rule, 
its rhythm and its condition, as far ns possible. It is to be hopcnl, 
similarly, that some device for reading blood pressure will be jlovoloped 
for use in the operating room and immediately after operation, so that the 
blood pressure may be notc<l iiislanlly at any lime. I believe that a 
device for indicating the oxygen content of arterial blood will be per- 
fecled rapidly ; already reports on new devices indicate that the lime is 
not far distant when such devices will be available generally. 

Devices now' in use furnish <lnln which indicate that in tlie future the 
anesthesiologist will know exactly how much of the various agents, such 
as ether, nitrous oxide and oxygen, arc in the breathing bag in the gas 
machine at all times. Use of the clcclro-cncephalogram in connection 
with anesthesia is being studied; already an electro-encephalographic 
pattern has been described whidi would indicate tliat at various levels of 
anesthesia the activity of the brain is depressed proportionately. The 
(lueslion of the genesis of convulsions which occur during anesthesia 
perhaps will be elucidated by use of the electro-encephalogram. 

The importance of aids such as these, especially in operations on in- 
fants, cannot be exaggerated. TJie condition of the sm.ill child in the 
midst of a major operation under the influence of general anesthesia is a 
problem that taxes the ability of the best anesthesiologist. Probably there 
is no one who would not recommend any of the modifications of the 
devices already mentioned which would make it clear wliat the blood 
pressure and heart rale arc throughout the operation. 

New vasopressor agents are being introduced from time to time, and 
although new ones thus far do not seem to offer any great advantages 



JOHN 8. 1.UNDY 


noG 

over tlie oKfcr ones, the scardi norK«{iiek^ fs ver.v tiorth «hlle. Sooner 
or lalcT, as a rcswlt of fcucli inlcosU'e work, soinething enpecially vahiabic 
may be discoverwl 

So far as siibsUtutes for plasi*«i nrc eoncernct!, there is considerable 
promise These subslilntes at the moment wdl not siifiicc in the event of a 
large loss of blood, yet they do offer uiudi promise At prcsciil the need 
for blood IS being met cither through the efforts of the Auien'can Ifed 
Cross or through local efforts, but the problem certainly is not a simple 
one By means of commumfy contnhaffons the efforts of the ffcii Cmt? 
are supported .sn<I ^■o)untary donors are used In some iastitulions, such 
aa tiic one with ohich I am associatetl, donors are pattl for the blood they 
supply. The exjvense of the laboralon- tests, maintenance of the collect- 
ing center, and paj incnt of the personnel iieecssarj’ for handling of the 
blood are formiilable oulU% s The work must be carried on meticulously. 
Dangers in the matter of use of wrong blood or uncxpectetl reactions to 
blood Arise from lime to time The use of plasma has been uccoinpaniwl 
by the danger of trcnsmusion of i-irtts hepatitrs. with fatal outcome As I 
said previously herein, the irradiation of plasma is said to have cli!nJnHtc<l 
this danger, but it lim also mcre.isesl the cost of plasma 

In time of "ur a sulivtitute for biootl or plasma would be verj* im- 
portant Such a neeil arn-^e m Germany in >Yorld ^Y«^ II and a subalitute 
w’fli made bv Weese— a drug, |«»lyvinjl pyrrohdone, which he called 
"kolluloii ” This drug,di.vsolve<! iii n9 Sper cent coiicciitraion of Uitiger’s 
solution. Wds used 300,000 tunes by the WchrmacJit, with good results. 
The present opinion is that it should l»e us»c<{ m a 3 5 per cent solution, 
since .*1 3 per cent solution has al>oui the s-iino colloidal osmotic jiressure 
as pldiina .\t smne time in the future tins preparation will be made 
available m th!% country At present there is a substitute which is 
available under the name of “dextran ” It is a {k»Ij .Saccharide of large 
molecular weight made up in 0 percent solution It also can be usixl in 
supportive therapy, and it will slay in the circulation for pcriotls long 
enough to satidj surgical nccih* A prciuration cailcti “pUsmoid,” made 
of osseous gelatin, lias been used and will he available. It, too, gives re- 
sults similar to iho'^c already lucntioncd As this problem is given more 
widespread attention than that accorded it now, I feel confident that 
such substitutes w ill make it possible to treat patients wliose condition is 
such that they do not ncecss.irily require falocxh If a patient does require 
blood, use of such substitutes may make it unnecessary to administer as 
large quantities of blood as arc needed now. That is, it may become 
possible to use these substitutes t© supplement the use of bfooil. I feel 
that this may be very true in the treatment of patients with burns, for 
cxamjile. In such an event I ilimk it i? important to maintain a volume 
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of circtilaling fluid; it may l>c important for this circulating fluid to 
escape loss rapidly from the bloo<l stream than ilocs scrum. 

As the anesthesiologist improves Ins knowlc<lgc of roentgcnologj' he no 
doubt will be able to expedite diagnoses at night and in emergencies', 
such as in routine work in connection with iimnwliale jiulmonary compli- 
cations that develop. In almost every institution technicians arc 
available for the making of roentgenograms, but someone to interpret 
them is uol always available. This phase of activity on the part of anes- 
thesiologists will be devclopc<l, I tliink, l»y the various training centers, 
so that the anesthesiologist of the future will be able to recognize rf)enl- 
genologically at least the common complications. 

There is a field, however, in which the anesthesiologist of the future 
sliould be expcctwl to l>c of real service, ami that is in the control of pain 
and in the establishment of diagnostic and therapeutic blocks. At the 
moment, I am convinco<l that it is logical for the anesthesiologist to be 
the person to make these injections. He has five important concerns in 
the technic of injection, but first he must liavc an adequate consultation 
with the patient, he must become ac<i«ainteil with the patient nnd he 
must explain to the patient what he plans to do. lie sliould endeavor to 
make the patient understand that the proce<luro is in tlie nature of a lest, 
and that if tlic information obtained thereby indicates treatments, such 
treatment may consist of physiotherapy, roentgen therapy, injection of 
solutions or even of alcohol, or section of a nerve, conlotomy, prefrontal 
lohotomy , or whatever may seem to !>c indicated under the circumstances. 

In the ultimate, the anesthesiologist of the future will be a member of 
what can he considered a team for the treatment of pain. lie will not 1)C 
depri\nng some physician or physicians of patients but rather, will be a 
consultant in tlie given case. So far as therapy by injection is concerne<l, 
there is a tendencj' for those who have not followe<l this problem closely 
to predicate their opinion ond prognosis on the degree of relief from pain 
the patient obtains from an injection. There is mucli more to it than this. 

To return to the five primary' concerns of the anesthesiologist in the 
technic of injection : first, the anesthesiologist must decide the question 
of the patient’s tolerance of pain on the basis of his reaction to the nee<lle 
punctures. Second, he must be sure that the needle is properly located, 
near or on the nerve trunk. This is done by roentgenograms and as a 
rule requires at least two \'iews for the anesthesiologist to be certain 
that the needle is properly placed. Third, he must know whether 
paresthesia produced by material tliat has been properly placed repro- 
duces the old pain or causes a new pain. Fourth, he must be aware that 
wlien some solution such as dolamin (which is three fourths of 1 per cent 
ammonium sulfate and an equal quantity of benzjd alcohol) is irritating 
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mIicii tl H injected, the paresthesia s» tU }« rejjrofhifed from 10 {niiitito.s lo 
Ij )>t>i}r5 or hnficr, ns a rraiiU o? tJse injectio/i. Ite should recoff- 
iiize that jf relief from pain h obtainnS for a long pcrloti, the results arc 
more cHcouraging than if the relief persists for a short pcrioiJ , fiamely, a 
few liours as cotnpareiJ to n few ilays or weeks 

Knowledge of pain pathways is not yet complete I cvpcct that in the 
future nccessarj- uiformalioa will he obtainc<i to make it possible to 
recognize over how nianjv jwilbways pam can travel At the nioracnt a 
particular problem is pam nnsmg from lesions in the pancrc.is It would 
seem that some of this pam, at Ica^il, {tasses over the splanchnic nerves 
and llial perhaps some of il passes over the somatic thoracic nerves 
Df struct ion of one pam patlmay mny temporarily block pain, hut it may 
be that another pain pathwnj e.ui liecomc cslablishcii. 

SUMNtAUV AND CONCLUSION'S 

The Hne.sthesiologist of t»»«lay is prep.ircsi to collalwiralc with the 
hurgeon, the obstetrician, the rlcntisl and all members of the hospital 
sliifT in connection w itli tlieir proJilems relating to the cure of the patient. 

Man.i questions of jinme concern to present-slay uncsthcsiologisU may 
he nnswereil m the n<it-loo-slistaiit future An ntlcmpt has heen miulc 
herein to proside illustr.ition'v of wlrnt may be cvpccicil of the nncs- 
thesioloRist of tlie future A few pritclic.il examples have ticalt with the 
work of the anesthesiologist of lo<lay as wcllasllie anesthesiologist of the 
future 



DIFFERENTIAL DIAGNOSIS OF SARCOMA OF THE STOMACH 
Report of 4 Cases 

CiiAUDK F. Dixox A\n Elwyn S. Siioxyo 

The subject of Rnslric malipmincy has received progressively more 
attention in the mwlical literature in recent years than previously and, 
on the basis of data obtaino<l from collecte<l statistics, attempts Imvc 
l)een made to distinguish sarcomas from carcinomas clinically without 
markc<l success. Such a difTerciilial <Iiagnosis is important because a 
large sarcomatous lesion is usually wore amenable to surgical Ircattucut 
or roentgen therapy or bolli than is a carcinoma of comparable size. 
Unless the surgeon suspects a wircoma, the lesion may erroneously be 
tenned “inoperable" on the assumption llial it is a carcinoma. 

Sarcomas of the stomach conslilulc al>oul 1 per cent of gastric malig- 
nant lesions’' *■ *• * and have been classified by Madding and ^Yallcrs'• ® 
ns follow.s; Lymphosarcoma, 02 per cent, of which 30 per cent arc of the 
rcticulum-ccU type au<l 32 per cent are of the small romul-ceU type;- 
fibrosarcoma, 13 per cent ; leiomyosarcoma, 1 1 per cent ; Hodgkin’s typo, 
8 per cent; and ini\c<l group, C per cent. 

DIFFERENTIAL DIAGNOSIS 

Epigastric pain has been reporlctl previously as a sign of gastric 
sarcoma.’- ’■ *• It is one of the most constant symptoms. However, 
we find that it is usually not of the ulcer type as has been reportcii. 
There may be, and there often is, a history which is typical of that of an 
old ulcer but if the symptoms are carefully evaluated, one will usually 
find evidence of a more recent superimposed pain which is more severe 
and persistent in type and which responds poorly to the usual antacid 
therapy. 

The site of the lesion is usually away from the pylorus.^- In descend- 
ing order of frequency, the parts involved are the lesser curvature, 
posterior wall, pylorus and greater curvature.® Obstructive type of 
vomiting is llierefore late as compared wdth that of the average carci- 
noma. The lesion may grow to such size that it can be easily palpated 
through the abdominal wall,' which, in the absence of obstruction, may 
be a diagnostic point. 

Roentgenographic®-" and gaslroscopic examinations’® reveal the 
presence of malignant lesions only but are of little value in determining 
the nature of the lesions. 

The general appearance of the patient is another factor to be 
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sidcrcd. Tlic hemoglobin contcJit of the bJootl is ii':ua!!.v not greatly rc- 
<!nce<I in a case of sarcoma and the patient does not j>rcscnt «n appearance 
of emaciation and pallor ns is commonly found tv'itli earcinoraa. Age and 
sex are factors statistically, hut nre of little diagnostic value in the in- 
dividual case. Sarcoma of the stomach usually occurs between the ages 
of 40 and 50 years, or roughly 10 years earlier than docs sarcoma in 
general *• * *■ ” A sex ratio ranging from 2 tp 0 males to I female has 
been rci>orted ^ Of the 24 patients operated upon at the clinic from 
1943 through 1947, 1C were male and 8 were female, a ratio of 2:1, 
which is comparable to the sev ratio of carcinoma 

TREAT.MEKT AM> PROGNOSIS 

Today, as when Balfour wrote eighteen years ago, .sublotAl 
gastrectonii' should be advised in all but the most advaiice<l cases. Most 
authors stale that roentgen therapy follon-ing surgical treatment is 
generally of value,®-’ ” especially jf the lesion js a lymphosarcoma 
Our exj.icficncc has led to the conclusion that roentgen therapy has 
prosxd most effective against the small round-cell type, somewhat less 
effective against the rcticulwm-cell type, and least effective ngitinst 
eiomyosarcoma 


REPORT OP CASES 

Case 1 — I’his patient aged A7 years entered tlie clinic December SO, 1047 
He had had mild intermittent indigestion for ten years but there had been no pe- 
riods of definite exacerbation and remission Ihs vymptonis had nli\ays Ix-cn 
relieved fay food and, alhali One year jinot to atlaiission he liegan to expecietiee a 
new type of epigastric pam which was severe, which was only partially relieved 
by the usual antacid measures and rest, and which was usually tirought on by 
rotigh-nding vehicles Intcrtmtlent melcna api^ared three months prior to ad- 
mission 

Tlie roentgenogram disclosed a large penetrating gastric ulcer off tlie lo-er 
curvature Tlie hemoglobin content of the Iilooil was 7 9 gm per 100 cc The 
erylhrcieyles numbered 3,010,000 per culuc millimeter of hlooil ami the leuko- 
cytes numbered 8,000 The value for total gastric acidity was 00, and lor free 
acidity 40 (TOpfer's method) 

On January 9, 1048, a subtotal gastrectomy' of the posterior Polya tjiic w as 
performed Beginning i cm above the pyloric ring on the anterior wall of the 
stomach, there was an ulcerative rdieufam-ceUlyxnphobla stoma, typcB (Dukes), 
that measured 8 by 7 by 2 cm There was invoUement of the peritoneum but the 
lymph nodes presented only evidence of inflammation 

The patient returned for a course deep roentgen therapy in March, 1918 
He was living and well when last contacteti. 

In case 1 the presence of sarcoma was siispeclcil by one of us (C. F. D.) 
prcopcrnlively. 
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C.tsE S. — This pattctil aged 53 cntcrctl the clinic in Ararcli, 1P47. lie said lliat 
he had “gas on llic stomach” during the iircviocis tncnty-five years. In the fall of 
If) 1C, lie began to have abdominal gns pains after meals These jiains lasted one to 
ti\o hours and i\crc relieved upon Ulchiitg. During the winter, night pains and 
cratnps developeil; these were rclic\cil with milk niul sixhi at first. Then epigas- 
tric pain began to appear after meals during the day, with c’clcnslon into the right 
side of the thorax. Soda hcenine progrcs'>ivcly le.ss clTcctivc in proiliicing relief. 
ISv April, inn, he liad noticed progressive anorexia, fullness in the stomach, and 
a loss of CO pounds (37.S kg.), hut no dysphagia. 

The rocntgcnogriuu revealed “carcinoma of the middle third of the stomach.” 
The hcmoglobm measured l.I.S gm. and the crylhroc.iles numbered 4,130,000. 
There vias no free gastric acidity and the value for lota! acidity was 13. 

Total gastrectomy was jicrformed on .luiie 4, 1017. A reticulum-cell sarcoma 
(grade 4, Ilrodcrs; k\ 7 )e II, Dukes) ineasiiring 13 by 15 by 1.3 cm. and hnohing 
the mucosa and suhmucosa was removed. Uoentgen therapy was startcil mi .luiie 
28, 1917, and a second course was starteil on October 22, 1917. When hast con- 
tacted, the jiatient was living an<l well. 

Case S.—This patient aged Gi years cnlcrerl the clinic on December 19, 1913. 
lie had liad a duodenal ulcer, provnl rocntgcnographically, for twenty years. 
He had liac! intermittent bouts of pcrtumbiltad pain that came on two to two and 
a half hours after meals and was relieved hy food and alkali. Two years prior to 
admission he iiegan to notice an increase in indigestion and a more marked, dull, 
epigastric pain that was localized higher in the abdomen than the previous paiu 
and that was poorly relieved by food and alkali. liocnlgcnograms made prior to 
admission to the clinic revealed a large ulcer on the lesser curvature of the stom- 
ach which resolved only slightly after rest, modified diet, and antacid therapy. 
On admission the value for hcmoglobm was 14.1 gm. The value for free gastric 
acidity was 0, and for total acidity 12. 

On December 31, 1943, ])artial gastrectomy of the posterior Polya l^ 7 >e was 
performed On the lesser curvature 8 cm. above the pylorus there was a lympho- 
sarcoma (grade 4, Ilroders; tjpe Jf, Dukes) 4 hy 4 cm. in diameter. The perito- 
neum was involved but only hiflammatory changes were present in the lymph 
nodes. The patient received two courses of deep roentgen therapy in Pchriiary 
and April, 1944. In February, 1948, he was living aod in good health. 

Case 4. — ITiis patient aged 54 years entered the clinic October 2, 1917 with a 
history of inlcrnilllent mild epigastric pain which was relieved by food and soda. 
Tills pain had continued for three years and Uicn, during the fourth year it had 
become moderately severe and hail occurred almost daily about three hours after 
meals and at about 10 p.m. The patient obtained only partial relief from food 
and soda. 

Iloentgenograms discloscil a lesion at the outlet of the stomach and grade 2 
retention (on a basis of I to 4). The value foe hemoglobin was 70 per cent. The 
value for free gastric acidity was 20, and for total acidity, 40 

Partial gastric resection of the anterior Polja type was performed by C. II. 
Mayo. A lymphosaTcotna was removed. The patient received no roentgen ther- 
apy. In October, 1942, tw’cnty-fivc years later, the patient had a recurrence of 
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"sJomoch troiiWe” and was oj»cratcd u(Kin el^ewllo^c in January, 1013 Hr died 
one montii later The diagnosis at otseration was again Jvinpljosarcoma. 

Case 4 is interesting liecaiise an mlen’al of twenty -five years elapscil 
liclwecn initial treatment ami iW reappearanee of either the same lesion 
or a similar one The qiicslion naturally arises as to whether or not the 
rcatjpcarancc of a sarcoma of the stomach after surgical excision or 
roentgen therapy or liolh represents a recurrent lesion or a second prt- 
raary lesion As es itlencc that it might l«e a second primary lesion, the 
pathologic rciiorts on tlic 24 i^ticnts with sarcoma of the stoinacli who 
were oi>eratctl upon at the clinic from lOtS tlirough 1017 revealed that 
the surgical sjwcimcns from 7 patients (29 iicr cent) prcscnlcsi niiiltiple 
(imilticenlric and synchronous) lesions 'Hiese lesions occurred simnl- 
laneonslj, and one might reasonnhly assume that such inultiple lesions 
could occur in a serial (mulliccnlric and metachronous) order as well. 
The fact that twenty -five years elajised lietwecn the first and secoinl 
iipjieariinces of sarcoma in case 4 n’so places suspicion u{Kin any assump- 
tion that the second lesion reprcscnUsl merely a rccurrcnoe of the origmal 
luuiur 


SUMMAftY AND CONCtUSlONS 

Twenty-four jialienls with sarcoma «f the stonuith were operated upon 
at the Mayo Clime during the five-year |>crioi), 1913 througli 1DJ7 
Four cases iirc rejiorteil. In 1 case, either » local recurrence or a new 
similar lesion dcs'eloixxl twcnly-fivc years after gastric resection 
The liifTcrential diagnosis of sarconiu of the stomach can not he tnade 
in a clear-cut manner because no known .signs or symptoms arc pathog- 
noinomc of this type of tumor. Howes er, on the basis of the data on 
reported cases in the literature ami data on our own case.s, it would seem 
that in the presence of a matignaiit g.istric lesion provtsi by roenlgeno- 
gram, a history principally of epigastric pam that is not associated with 
obstruction, that is not appreciably rchcs’cil umlcr management for 
ulcer, and that is assonated willi a niinimuin of aneiiiiu and iiianilion 
may l>e considered prcsuinplise evidence of gastric sarcoma. Although 
this sy'mplom complex does not necessarily preclude the prc-seiice of 
gastric carcinoma, we have found that the diagnostic aciuncii of the 
surgeon can be increased by keeping it m iniml 
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ANNULAR RECTAL STRICTURE RESULTING FROM COMPLETE 
OR INCOMPLETE INTERNAL FISTUI.A IN ANO 

Newtox D. Smith and John R. IIiel . 

The etiology and the trcalnienl of rectal stricture lia'J proved ahvays to 
he a subject of interest to t!ie diagnostician and surgeon. Our interest in a 
limiteil group of i)aticul.s with this condition was arouswl cliiefly because 
of tile rather extensive surgical procaliircs that were frequently em- 
jiloyed and also because of the satisfnclorj' results. The generalized 
discussion of lymphopalhin venereum and therccognition of the relation- 
ship of this infection to rectal stricture have had a tendency to over- 
shadow the importance of other ctlologic <liseascs and factors. Our group 
of 12 cases illustrates an interesting diagnostic and surgical problem. 

In 1943 F. C. Yeomans, nhilc discussing his observations based on 119 
cases of stricture that he had encountered, slated, “Rarely blind internal, 
but more frccpienlly blind external fistula by encircling infiltration 
causes stenosis of the bowel at the ano-rcctal line.” lie further cited 9 
.such cases; in 5 the lesion was in the anal canal, in 1 it was within 5 cm. 
of the anus, in 2 it was 0 to 10 cm. above the anus, and in 1 it was more 
than 10 cm. above the anus. The Frei lest gave positive results in 2 of 
tho.se cases. In his group there were 6 males and 3 females. The following 
discussion will reveal some variation between the statistical data on 
Yeomans’ cases and the statistical data on our cases, but this probably 
results because of the small groups of patients rather than because of 
factual variation. 

In selecting this group of cases we reviewed the records of 400 cases of 
stricture resulting from a variety of ctlologic agents or causes. Table 1 
illustrates the etiologic factors and proportionate representation. It will 
be noted that cases in which stricture resulted from complete or in- 
complete internal fistula represent 3 per cent of the total group. 

tVe have abstracted those facts which seem to be important for the 
understanding of these cases. In this group of IS eases, there were 4 men 
and 8 women, and all were white except 1 woman. She of the patients 
underwent a Frei test with suitable control, and all gave negative re- 
sults. In 1 woman the tissue removed at the time of operation revealed 
the presence of tuberculosis. Tliere is an interesting variation in the ages 
of the patients, which is probably of no significance ; the ages of the 8 
women varied from 28 to 40 years, but the 4 men were from 50 to 55 
years of age. Each of the patients had a complete physical examination, 
and in none of them was any abnormality observed that could be related 
to the stricture. 
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7'Jic preopcRcttve diagnosis of re^nl slncturc fcsuUrfig from it compk'fc 
or iiicompJete interna) fislHla was inadiMn only S c.ises, and ibc possiJde 
ctioirtg'ic rektioJJslnj) was siisjiectcf) in 2 mor<? cases In reviewing these 
cases we were unprcsseil by the fact that because of llic jircsence of the 
stricture, Ijccansc of anorectal lentjcnicss, and because of the jiatient's 
apprehension rcsidlmg probablj- from previous anorectal operations, the 
diagnosis conk! not be mailc Bccwtalcly until the patient could be ex- 
amined while he was under nnealliesta In several of the cases it w-as 
necessary to cut through the wall of the stricture in onier to obtain satis- 
fjietory exposure, nml the primafj' itieWtoa disolos«l tlie presence of the 
fistula TJie underlying }i.itbologic process in 5 of the patients was oh- 

tabu: i 
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Cause ot Sti-irture PutiejiSs 

Cliromc ulccralivc colitis ITS 

Lympbogranuloina ingumAlo Cl 

Follow iQg surgical procedures for rectal carcinoma S2 

Fosiowisg radium treatment of caremoma of cervix 21 

Following fulguralion or radium, or both, for treatment of rectal 
earemuma 26 

Completo or incomplete intern.M fistula 12 

Following injection treatment for hemorrhoids T 

inflammatory oxtrnrectal mass 7 

Tuberculosis 0* 

Kndometriogis 3 

Amebcasis 2 

Diverticulitis 2 

Traumatic (enema burn! 2 

Unclassified bJ 

Total -lOt) 


•Tuberculosis was actually present m 7 patieula, 1 jvvtiMit h listi'd in Itw 
group, “Complete or incomplete latcnuti fiitula ” 

scured by previous surgical prxicedurca or the injection treatment for 
hemorrhoids. Eigiil of the patients in this group had been trcatctl surgi- 
cally elsewhere without obtaining siilisfactoty relief. The faihires ficem to 
result from erroneous diagnosis or incomplete e.\'|»ovure of all of the 
fistulous tracts. The latter eouW be undcrstowl when the ei>mple\ity of 
some of the fistulas was dUcovcrctl 
In 6 of the cases tlie requisite xui^ical procxslurc In produce a cure was 
very extensive It would be neccssai^' to reproduce herein nil of the 
surgeon's notes at the completion of the opcrution if all of the facts were 
to be discloied, but it nmy suffice to enumerate these facts, In S iHstances 
there were hsrge .ibsoess cantios havdng thick fibrous walls, in nihlitfon 
to iJje fistulous tracts In 4 of felie eis«>s m woiiicn, there were trneb cv- 
tending externally lido the labia and periiictiin, and in 2 of the 4 c-ises 
into the vagina In a of the 4 caxca the fistula involveil the right and K'ft 
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sides {jf llie amis and rt^eluni ami requimi rcmarkalde surreal jirocetlnrcs 
to cvposc all of the tracts and still to preserveas much tissue as possible, 
briefly, in 0 of tlie ca.«cs the process rcsjiiircd extensive surgical i>ro- 
ccdiirc.s, in 3 it rcquirtvl a more extensive procedure than would be 
necessary for a routine internal fislulccloniy, and in 3 tlic .surgical pro- 
ccflnre was not inmsnab 

Tlic prim.nry opening was in the posterior midlinc at the level of the 
dentate margin in 9 of the 12 cases. In 2 of the women tlic jirimary 
opening was locatofl in the <lcntato margin in the anterior midline, and in 
another woman the primary opening was on the left anterior quadrant of 
the anus at the level of the dentate margin. 

It is interesting to observe llwl alJ but 1 of tbe patients )jad gof«) re- 
sults, and in this 1 patient llierc may be further improvement. In ;dl 
instances except l!\c 1 menlumc<l, the .stricture clcarctl up reasonably 
.soon after all of the fistulous Iracl.s and abs-cc.ss cavities had been un- 
covered and ample drainage had been Insure*!. In the 1 instance the 
alisccss and its numerous r.aniificalions had destroyed .so much tissue 
that the striclvirc was not attucko*! as ra<lical!y as usual hccauso the 
patient had moderately .satisfactory control of tlic bowel evacuations 
with tlie stricture prc«cnL but prob-ably would have )iad no control liad 
the stricture been cured. In 2 other patients, poor control rcsultc*!, but in 
1 of these, the problem of control wa.s Iroublcsomc only wlien diarrlica 
ocenrre*!. In these S eases the amount of dcstniclion of tissue by the in- 
flammatory process was excessive, causing poor control in 2 of Ibem 
before any surgical procedure was attempted. Several other patients men- 
tioned that they Iiad difficulty in controlling the evacuation of stool prior 
to the surgical ciTort and remarked that when the stricture had been 
cured, this tlifficulty subsided satisfactorily. 

In conclusion, we have called attention to lliis group of c.ises because 
they produce interesting and often dilBcult diagnostic problems, Tlie 
surgical problem is a complex one, often niechanically difficult of accom- 
plishment, but the results justify the effort. Unlike most other rectal 
strictures, these can be cured when correctly diagnosed and projicrly 
treated. Occasionallj-, rectal incontinence may result, but ordinarily 
rectal incontinence resulting from the presence of a rectal stricture caused 
by a complete or incomplete internal fistula may be relieved wlien the 
stricture is cured. 
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SURGICAL CONDITIONS COINCIDENT WITH PREGNANCY 
Roukut 1L Wu-‘5on* Axn Rohekt I). Musskv 


Surpiciil cotidUions nrc of parlicular intercsl, for several important 
reasons, ^Yllcn tliey*co!nplicalc pregnancy. Firj%t, accurate diagnosis is 
often more dilHcuU because the size of the pregnant uterus nml becajisc 
the surgical condition must l>e dislinguishc<l from a number of conditions 
which arc peculiar to pregnancy alone. Second, the surgical condition 
may jjrogress more rapally in pregnancy. I'inally, institution of the 
proper treatment may prccipilnle nlmrlion or premature labor. 

It is well known that any <lisca.se or condition which is commoidy 
trcalcfl by a surgicid procedure may occur iri a i>reguant woman. It is 
usually wise to defer surgical Ircalmcnl of an elective nature, however, 
unless it is believed that the <liscase or condition under consideration 
will exert an adverse cfTect on Uic life and health of the mother or on the 
progress of gestation and subsequent |>Jirlurilion. 

On the other hand, in the presence of some surgical conditions, such ns 
cholclilhiusis or questionable appendicitis, in which the clinical findings 
suggest that .symptoms arc likely to become acute licforc the termination 
of pregnancy, it may be advisable to employ surgical therapy early in 
gestation. 


NATUHE OP PRESENT STUDY 

In 194C and 1917 there were 2,037 deliveries on our obstclnc service in 
the Clinic. During those same years fifty-five surgical procedures were 
performed on jiregnant women. This incuicnce of surgical operations of 
2.08 per cent docs not incUule the numerous surgical procedures which 
arc peculiar to pregnancy, such as dilatation and curettage for incomplete 
abortion, therapeutic abortion, ectopic gestation, cesarean section and 
the like, w’hich will not be considered in this paper. The aforc'inentioncd 
incidence of 2.08 per cent probably is higher than would be expected 
ordinarily, becau.se the figure includes a number of patients w’ho were re- 
ferred to the Clinic for surgical therapy of a specific condition, and whose 
pregnancy was not tlie primarj' reason for their consultation. 

The specific surgical procedures performed do not warrant tabulation. 
It is interesting to observe, however, that in the 55 instances of surgical 
therapy there were 22 different conditions. Craniotomy was carried out 
once for an astrocytoma ; a parotid gland was rcmove<l because of the 
pre.sence of an adenocarcinoma and a carcinoma of the bowel was excised. 
Most of the surgical procc<lurcs were for more common conditions such as 
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appendectomy for anjlo appendicitis and oojdiorcclomy for various ly^ws 
of ovarian cysts 


SPECIFIC SUnr.ICAf. conditions 

Inflammatory Abdominal Conditions.— Dwnnf: pregnancy, as nmild l>e 
espcclwi. acute aji]icn<bctlis is Ibe most common canse of a peritoneal 
insult which requires surgical iiilcn-colion N'es crlheless, sncli comlifioiis 
as intestinal obstruction and acute cholccj'Alili' are often cnconntcrtsl. 

The difRcultics mhorent in the making of an accurate diagno'.i'i in 
tltcse conditions are made even greater bj* intra-iiterinc pregnancy Xol 
only must noninflammatory conditions }« cNciiidesl, but in iuldition, 
ectopic pregnancy, pyelitis and the samoiis acculonts occurnrig to 
ovarian cysts, which arc so eonunonly seen, must l>e nil«! out Awiircncs>' 
of the displacement of the abdominid sjmxts by the enlarged uterus is 
Very nece-ssarj for accurate dwgnosis This is of particular importance in 
the diagnosis of appcndieilis, in which the localizing signs and s\ mptoms 
may wxH be situatcil m the right iipjier alKlotmnal quadrant or posteri- 
orly, rather than in the nght lower quadrant 
When it is certain tliat an acute iiiflaiimiator> process is present, 
immctlmte surgical exploration of the alKlomcu generally is necessnrj’ 
Th?i IS particular^ true in pregnancy liccausc the size of the uterus 
interferes with the effectiveness of the intra-abdoiiiinal localizing ile- 
fciises Hecausc the intestines and the omentum arc unable to wall off 
the area surrounding a rupturcfl viscu». the peritonitis which follows in 
such instances is more fulminating and ilifTuse than it would he ollivrwise 
Even though surgical intervention is aecomplishctl without tlelay, 
cettulilis or generalizetl {icnloniti** may occur This is, of course, ii 
serious matter. However, with the intelligent ««e of moilern chemo' 
therapeutic and antibiotic agents, most of the comlitioiis coiimioiily 
encountered .shoiilrl respond to Irealiacnl. If, for esample, at tlic lime of 
surgical intervention a ruptured apjictuhx with abscess form.alioti or 
peritonitis is encounted, intrnpcnloncal chemotherapy should be em- 
ployed It is rccominendeil that 5 to 10 gin. of sulfathiazole be placed in 
tlie peritoneal cavity at the time of institution of ilrainage or removal of 
the .ippendix Although there is no coulramdicalion to tiic mtraperi- 
toncal use of 1 gm. of streptomycin or 1,000,000 units of penicillin or a 
combination of both, it shouki lie pointctl out that both of these anti- 
biotic agents leave t!ie peritonea! cavity rather rapidly. 

On the other hand, sulfathiazole often will remain in the peritoneal 
c,ivity as long as four or fi\e diy's. Sulfathiazole is polyvalent, it i' 
relatively nonto.vic, i« unhkcJj to cause adhesions and is, thm-fore, still 
the dnig of clioicc for intrapentoneal use 
If surgical intervention is impossible, is deemw! unwise, or is unilcr- 
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Inkeii nftcr llic onset of j)critonilis, llic systemic u«c of massive doses of 
smtihiotics is the j»roco<!iirc of choice. It ts recoimncn<!c<i, therefore, that 
the patient receive, in addition to the usual supportive measures, 
1,000,000 units of penicillin lo’ the systemic route every tuonty*four 
hours. On occasion, 1 to 1.8 pm. of .streptomycin may bo administered, 
together \\it!i the large do'c of pciucillin. If tlie infection is refractory or 
resistant to treatment with penicillin or streptomycin or a combination 
of both, the use of aurcomycin would then he justific<I. If the patient is 
able to take medication orall3% Ihcreconiniendtsl tlaily do.se of aurcomycin 
woiihi be 150 to 1,000 mp. every .six hours. If for any reason tiic patient 
is unable to lake llie antibiotic by mouth, it may be aflmiuistercd intra- 
venously. For intravenous mireoniyciii therapy it is recommended that 
500 mp. in 300 cc. of disUne<l water or solution of stxlium chloride he 
given rallier rapidly cverj’ twelve hours, until the patient's general condi- 
tion will permit a change of method of atlministralioii to the oral route. 

Aurcomycin is somewhat irritating an<l its continued atiministratiorj 
by the intravenous route wojihl be likely to c;m.«o phlebitis. However, it 
&houl<l rarely be necessary to give this antibiotic intravenously more than 
one or two limes, in wliich ease severe phlebitis woulfl not bo likely to 
occur. 

Noninllammalory Pclvio«Abdoniinal Conditions.— Such conditions 
commonly resolve themselves intoonc of three things; an ovarian cyst, a 
fibromyoinn or cliolclitlnasis. The diagnosis of any of tliese conditions 
generally is obvious after the usual history has been taken and phy.sical 
examination carried out. Management of .such conditions, however, often 
requires con.stdcrable judgment. 

The diagnosis of cliolccystic iliscasc, especially earli' in prcgn.ancy, 
may he missed because of misinterpretation of symptoms. Tlie phy.sician 
is much more likely to attribute upper abdominal discomfort, various 
types of indige.stion and an intolerance to certain foods to the nausea 
and vomiting syndrome of pregnancy rather than to cholecystic disease. 
This difficulty is further enhanced if the patient gives no history of 
jaundice or colic. Once the diagnosis has been made, surgical treatment 
should be deferred unless the patient has repeated colic or is jaundiced, 
or unless acute cholecystitis develops. 

Uterine fibromyoiuas frequently are found in the pregnant woman. 
Tortimatelj', these tumor.s as a rule are not too large and are localeil in a 
position whicli does not interfere wdth the normal progress of gestation or 
willi subsequent parturition. Red degeneration in these fibromyonuis is 
common and, because of local peritonitis, is often associated with great 
pain. But this degenerative process usually is self-limiting and it is 
therefore possible to treat the patient by means of sedation until the 
pain subsides. 
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vjglit weeks Ucmoglobitiamounlwl to lOSgm j»cr 100 cc. of blocKljer^ throc;^-tes 
nuinWrcil 4,170,000 an<i leukocytes 10,?00 iwr «i1ue iiiillimflcr of blootlj rtsull 
of llie Kline test was negatt%e, that of the FninlmaM lest was positive; Utcblootl 
group was O, the 1th factor wa-s ftoMtivc Consultation was obtained All con- 
cerned felt that si was impossible t-o state wlicUtcf the tumor was uterme or ova- 
rian in origin, and ad ads ised that the efKfmncn l>e surgically CTjdorcd. On April 
iO, 1918, c’cploratKm rescaled the «itcnis to be huge it extended to Ibe liser ami 
filled the entire alKlomen The eerx'ix was {mis1ic«1 sbosethc sjinphjsis pubis ami 
the fetus was pushed back into tbc pels is Multiple fibroids were present, the 
largest of which was removal ITic ulenis was reconstrucletl 'lliis fibromyoma 
w.is20 by 18 15 cm ,nnd weighed i,100 pm 'flte patient’s condition wassatis- 

fattory until 10.30 p m on April 92, when surlden and profuse vaginal biwhng 
occurred anil was followed almost imniediatel) bj- peripheral vascular collapse. 
The bleeding was so profuse that it was necessary to |icrfornj cesarean section 
and hystercetomy Tlie infant was small and .survived but one hour At tlie lime 
of this emergency operation, it was determined that the btcediug wasilue to pre- 
mature separation of the placenta Tlie patient’s convalescence was uneventful 

llie case just reported illuvlmtcs the difiicnUics that can arise even in 
the diagnosis of fibromyoma^. \Vc were imslcil m (In’s case by the .soft 
cojjsisUncy of the tumor and by tbe iwMlirm of l!ie cervix lieltitid tlic 
symphysis pubis — both findings being more commonly seen in the 
presence of large ovanun cyds Tins case also dluslriitcs how ft verimis 
posloperativc complication can occur, naincl.', prcmalure xcibinition of 
the placenta. In retrospect, it is possible that this piilicnl coiiltl hitve 
been obscrvwl until our hand was forceil, at winch time cesarean section 
and other necessary surgical procvshires could have liceti |K‘rforimxl. Hati 
this been done, a living infant might have het'n obtainix! 

Case 2 *--A woman 32 years old was adinittcil to the Clinic on June t, 15>18 
.8hc had had two children and at this time was ir her thirxi pregnancy . Hid last 
menstrual period had occurred on January 8, 1918, the cxpectctl dale of eonliw' 
meat was October 0, 1948 The jtaticnl gave a history of sy'mj>(tmii tyjiical of 
exophthalmic goiter dating back to 1039 Her local physician bad prr-'cril'cd 
Lugol’s solution, 10 drops to be taken three times a day Sbe bad taken this solu- 
tion intermittently when she “frit nervous or lost weight ” Shortly lieforc her 
admission she had seen her local physician, who told her that her thyroiil gland 
was active and rcfeir^ her to the Clinic /or care 

Examination revealed an extremely agitated woman who had exophthalmos, 
grade 2 -f- (on the basis of 1 to 4. m wbKb 1 represents the least, and 4 the mO't, 
severe condition) A symmetrica! goiter was present, each lobe of Ibc gUiu! 
being about 7 by 5 cm and w itlt a. noticcabk bruit. The heart was boii nding and 
rapid, tlic enlargement of the iitcnistorfespomled to that at the seven month of 
gestation, the fetal heart tones were rapid but othenvivc normal Albuminuria 
of grade 2 was present, olhcmise Ike unno was normal; beinoglobiii amountcil 
lu IQ.4 gm jier 100 cc of blood, crytbroQrtes numbered 4,420,000 and loukocy tea 
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D,6Q0 jier cubic miibnicler of Wood; tbc Imsal metabolic rale was +100, the 
Wood was grovip A; tlie JUi factor was iwilivc The patient was liospita!irc<I. 
On June 7, a slorilc vaginal carnminalion was done bccaiise of vaginal Weeding, 
but placenta previa o'as not found. Lugol’s solution was administcrcil In addi- 
tion to all the classical signs of severt! IjJiMjrlbyroidisra, .sy/uploras referable to 
t!>e upper part of the respiratory tract dcvelopwl. Kxamination of the thorax, iti' 
eluding the making of a roonlgcnognim rcvealetl marked cardiac cnlargeraenl, 
bilateral passive pulmonary congestion and pneumonia in the louer lobe of the 
right lung. 

Lalwr began spontaneously on June 8, and after two hours a 1,450 gram infant 
was ilclivcred Tlie patient’s condition imincdialely became more critical, with a 
lli>Toid crisis, acute congestive heart failure and pneumonia, Treatment consisted 
of the administration of oxygen, morphine, digitalis, Lugol’s solution, procaine 
penicillin, regular penicillin and slreploinycin. Tlie patient’s temperature vario<l 
between 100.8® and 102.4® F , the pulse from 1 10 to 130, respirations from 35 to CO, 
until June 13, when, for the first time, improvement began, This improvement 
was continuous. Tlie patient was dismissed from the hospital on June 28, 1048 
A program consisting of the taking of 100 ing. of propylthiouracil three times a 
day an<l 10 drops of Lugol’s solution three times a day and a high-caloric, high- 
vitamin, salt-poor diet, was prescribed for her. Tliis Uierapy was continued 
until August, 1048, at which lime the basal mctaWIic rale was +17. Subtotal 
thyroidectomy xvas then done. Fetters received from the patient indicate that, 
at tbc time of this report, botli she and Uic infant were well. 

In some respects it might be snid that tbi.s patient had ncglcctwl her 
own condition ; but it is also true that she was given access to iodine 
without continuous observation. DclivcO' of tlie infant Jirior to the con- 
trol o( the patient’s severe symptoms almost cemsod her tlcalh. It shnuUl 
hardl)’ be necessary to point out that hyperthyroidism should not be 
allow'ed to go untreated and that deliv'cry of an infant from a patient 
with uncontrolled s^TOptoms may precipitate a thyroid crisis. 

Case 3 — A white woman 28 years old came to the Clinic because of her preg- 
nancy in December, 1940. She stated that she had been pregnant twice pre- 
viously; the first pregnancy had terminated at the eighth raonOi of gestation 
w-5th placenta previa and death of the infant at the age of four weeks; tlie second 
had ended with spontaneous abortion during tlie sixth week of gestation. Tlie 
last menstrual period had occurred Xovember 7, 104(5; the estimated date of 
confinement was August 14, 1947, 

Progesterone and stilbestrol tvere given as antiaborlion therapy. Sliglit 
vaginal Weeding occurred rather frequently ualil January 92, 1947, when severe 
lower abdominal pain suddenly occurred which required hospitalization. Tlus 
pain and the results of examination of the pelvis were very suggestive of an 
ectopic gestation 

Hemoglobin omorinled to 12.4 gm. per 100 cc. of Wood; erythrocytes numbered 
3,080,000 and leukocytes, 10,400 per cubic millimclcr of Mood; a specimen of 
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urine obtained Ly cathetef na? normal, llic blood group t\as A; the lUi factor 
nns positive At operation the {Patient wat found to have fairly extensile en- 
tiomclriosis ar»l an inlra-utcrine pregnancy. Acute sym]iloms were due to a 
ruptured chocolate cyst on the left Both ovaries contained chocolate c^sls and 
Here l>ound donn to the posterior aall of the iilenis. ’J'hc ruptured chocolate 
cyst and another chocolate cjsl were freed up from llic aiJ-ifc-sac, the second 
cJiocolate cyst was opened and its contents evacuated Tlie walls of the cysls 
were resutured anti the rnohdued ovaries were sutured to the round ligaments 
Anliabortion thcrapi’ was continued, the pregnancy progressing uneventfully 
until June 18, ini7, at nhich lime the membranes ruptured spontaneously. 
This tvas the Uiirly-sccomi neck of gestation, Ijihor ensued ten <(ays later. 
A 1,700 gm infant was dehieretl spontaneously This infant lived and has done 
wcH 

The forcgoj/ig uas u ratlicr unusual eftj>c of « rupliircil endometrial 
cyst Although endometriosis often is associatoii with mfertiiity, a prog* 
mint patient who has endometriosis is sometimes seen Instances of acute 
peritoneal imtation clue to a nipturesl endometrial cyst arc bccommp 
more common in our e.Ypcricnco Tlio diffieullics of making an accurate 
diagnosis arc self-evidcut, as is the im|>ortance of conservative surgical 
treatment. 

Case 4. — A uhite sioutan 18 years old nas seen for her first prenatal visit on 
Tchruary 8, 1040 Tlie last menstrual period had occurred on August 7, 1015 
The expected date ol confinement was May 14, 1D4C Pliysical examination re- 
vealed an intro-uterine gestation of six months’ diirolion and a right osarian 
tumor Iloentgcnologic examination of the aMomen reveaieil o dermoid eyat 
in tlic right side of the pelvis. Because it was felt that the tumor would ohstruct 
the I'lrth canal, salpingo-oophorecfoniy nas performed on the rigid, on Feh- 
riiary 25, 1940 The dermoid tumor ssas 12 hy 10 by 8 cm , and weighed 290 gni 
’rile postoperative course was uneventful However, Ulior licgan seventeen dais 
jiostopcratively A living mfaut weighing 2,010 gm was delivered normally The 
infant was vigorous and lived 

The patient returned on January 20, 1947, again pregnant. The last menstrual 
period had occurred on October 12, 1946 The expected date of confinement was 
July 19, 1917. Another ovarian tumor was found in the pelvis, tins tumor, 
hecatise of the previous history, was presumed to be a dermoid cyst involving 
the left ovary. 'Ihe patient was trcatcil expectantly and a normal infant was 
delivered at term on July 11, 1947. 

On September 23, 1947, a portion of the left ovary was excised which con- 
tained a dermoid cyst 8 by 7 by 5 cm , weighing 210 gm. At the tune of this 
operation it was fell that enough ovarian tissue remained for normal function 
That ovarian function was present was proved when the patient presented 
herself in November, 1948, with a left ectopic pregnancy which required left 
salpingcclomy. 
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In the instance of tliis patient's first pregnancy, the dermoid cyst was 
rcmovetl because it was obstructing the !>irlli canal. In the second preg- 
nancy, it was possible to obscr\*e the patient and to allow tlie pregnancy 
to progress and end nonnally. In such eases as this the surgeon should 
endeavor to dissect the dermoid Q'st away from the ovary and leave 
functioning ovarian tissue wlicn this is technically possible. 

su^r.^rA^Y and com.ment 

Essential observations concerning the more common surgical condi- 
tions occurring coincidentally with pregnancy have been presented. 
Surgical treatment is indicated in those conditions which may imme- 
diately or rcmotcli* endanger the life of the mother or which may later 
affect the normal progress of gestation or subsequent parturition. 
Surgical treatment of an elective iinlnrc usually is wisely deferred until 
the pregnancy is Icrminatod. 




REACTIONS TO TRANSFUSION DURING OPERATION 

Tiro\!A.s TI. Secdov 

During tlic last fcxv* years, blood transfusion has hccoinc an important 
therajKiutic procedure, for both medical and surgical patients. During 
this time the interest in, and use of, this inclljod of In'alrncnt lias gained 
its greatest inoincntuui. 

No mailer liou* well a transfusion service has been organized and Iiow 
mucli care is taken to overcome iminnn error, one rnust accept a certain 
percentage of \inlowanl reactions following bloo<I transfusion 

It is not within the province of this paper to go into the laboratory .side 
of this problem except to say that the laboratory work that is ncccssarj* 
to carry out a successful transfusion service is of ulniosL importance. 
Testing serums of adequate strength and laboratory technicians skiller) 
enough in their specially to read accurately the tests they perfonn are 
some of the first essentials to carrying out n successful proccilurc. 

Wlien an untoward reaction docs occur, it is of the highest imjiortaucc 
to try to distinguish it from the underlying disease of that patient. While 
the patient is undergoing a surgical proce<lurc, It is rather difficult to 
recognize an untoward reaction as it is so often liidtlcn by Ihe effects of 
the anesthetic procwlure. In spile of this anesthetic and .surgical pro- 
cedure, if one is alert to the possibilities of reaclionSj at times one can 
suspect that something untoward is occurring if u reaction docs take place 
vdule the patient is under general anesthesia and aimost certainVy so i! 
the patient is under the effects of a local or spinal anesthetic agent. 

One is not justified in calling any and all untoward happenings flue to 
transfusion simply by the word '‘reactions.” Tlic seriousness of the situa- 
tion varies according to the type of the reaction. Therefore, one should 
Irj’ to classify the type, as almost invariabb' the subsequent treatment 
follows different lines according to the type of reaction. 

It is the practice in the institution with which I am associated 
to classify all untoward happenings into one of five categories; namely, 
pyrogenic, allergic, circulatorj', hemolytic and the so-called undeter- 
mined happenings. This last categorj* is a hodgepodge into whicli we 
place any untoward happening that accompanies the administration of 
blood when we are not sure if the blood should or should not be blamed 
for the happening. 

Unfortunately, many persons arc misinformed in that thej' believe 
transfusion reactions do not occur when a patient is under the effects of a 
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general ancstliclic agent. This is crroncwis, as atsy type of reaction may 
lie evjwnencet! by the patient who is under the efTects of an anesthetic 
agent. 


PVnOGELVIC REACTIONS 

A pyrogenic reaction usually exhibits itself by a rise of temperature of 
I'* iQ 4® F. appearing during or iniiiiwbately after the transfusion. The 
tcmficrature rise usually lasts one to eight hours, nnd unless something 
intervenes the temperature returns to the level that exislefl before the 
transfusion. A simple rise of the temperature is usimlly of no great signi- 
ficance as the pixticnt nil) have den\‘C(l tlic usual benefit he is expected 
to obtain from the transfusion It is tnie that it is sometimes dinicull to 
dislingiijsh this rise from the exfiected pos!oi)crati%’C rise of teni^ierature. 
However, ortlinaril> one shouhl exjiccl a greater rise of temperature if a 
pyrogenic rcaclioii <locs occur Jn the event one gets this greater than ex- 
pected rise of temperature and the patient’s condition otbcrHi>.c is salJS- 
factory, then it ma> be su«pecte<l that this rise is due to the effects of the 
transfusion. As far ns a simple pyrogenic reaction is concerntxl, the pa- 
tient u.sualli* is not greatly disturbe<! If the patient is awake, some scihi- 
live such as codeine or niorjihinc may be gis’en. The rise in tejiipenifiirc is 
frequently preccdtxl b> a sudden chill and even markesl shivering of the 
patient This shivering may lie seen occasionally wlicn o patient is lightly 
anesthetized For tins eliilling und shaking, heat is applieii in the form of 
hot-water bottles, electric blanket or other wanning devices, 

If this reaction is scsero enough it may be dilHcuU to dislingni.sh it at 
first from the l)eginning of o hemolytic reaction. However, a hemolytic 
reaction usually is accotripanicfl by other mare severe symptoms such us 
pain in the lumbar region, anxious expression of the face, cold, clammy 
.skin and other sj mptoms of .shock. Jf one suspects a hemolytic reaction, 
5 cc. of blood IS withdrawn into a tube containing 0.5 cc. of G jwrcenl 
solution of ammonium o.xaialc and 4 per cent solution of potassjuiii oxa- 
late After centrifuging, the supernatant plasnaa b examined for free 
heinoglob n The patient with a pyrogenic reaction should not necessarily 
hai’c free licinoglobin in the plasma, nhereas the patient with a 
hemolytic reaction usually has considerable free hemoglobin in the scrum 
within a few minutes of the transfusion reaction. 

If blood is still being administcrctl at the lime of the occurrence of the 
reaction, its administration should be discontinued till the patient's gen- 
eral condition is evaluated and tlie tj^wof reaction is determined.Byat 
least temporarily discontinuing tlic blood the patient is not subjccle<l to 
a greater insult in case the reaction is hemolytic in nature inste.ad of 
pyrogenic. 
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ALLERGIC REACTIONS 

Allergic reactions usually manifest tlicinselvcs by the sudden appear- 
ance of urticaria, hives or even angioneurotic e<lema. Tliis reaction may 
he accompaniwl hy lumbar pain, dizziness and headaches. Many of these 
symptoms may be maskctl, but I have seen marked urticaria, hives and 
even larj'ngcal edema witli the patient under general anesthesia. The 
exact cause of these reactions is not entirely understood. In many in- 
stances the donor and recipient cjin give no historj* of allergic manifesta- 
tions. The same donor’s bloo<l does not necessarily give an allergic reac- 
tion in all recipients. The elimination of all donors having active hay 
fever or asthma seems to decrease the incidence of these reactions somc- 
wliat. Occasionally donors have ingested foods to which the rccipicnLs 
are allergic and the recipients react by exhibiting hives or other allergic 
phenomena. 

In the event of an allergic reaction in a patient under the cfTccts of an 
anesthetic agent, epinephrine may be ndministcrc<l .subcutaneously or 
intravenously if it is not otherwise contraindicatcil. If given at the time 
the allergic reaction actually occurs, the antihistnminic drugs are of rela- 
tively less beneflt than if they arc given l)cforc the reaction occtirs. If 
more severe symptoms arc expcricncc<l, the treatment must bo sympto- 
matic. 

In the event one is forewurne<l about transfusing a patient having such 
tendencies, one should (1) use a fasting <!onor and (3) administer nnti- 
histaminic drugs to the patient before the transfusion. An antihistaminic 
drug, as well as epinephrine if indicated, may be added to the bottle of 
citrated blood and administered continuously with the blood. 

Certain patients seem to be so sensitive that it is almost impossible to 
transfuse them and not get symptoms. On occasion my colleagues and I 
have found that one can transfuse these patients with washed erythro- 
cytes quite successfully. However, I suggest that when these cells arc 
resuspended in saline solution they should be transfused soon after being 
resuspended because if left standing in saline solution the cells nnll tend 
to deteriorate in a few hours. 

In spite of the allergic reaction, one hopes to get the usual therapeutic 
effect. However, some allergic reactions may be severe enough to pro- 
duce a larj'ngeal edema that necessitates more drastic treatment sucli as 
the administration of oxj-gen or oxygen under pressure, or maybe even a 
tracheotomy. I am sure that severe allergic reactions of this magnitude 
lower the value of the transfusion to the patient to a greater extent than 
does the allergic reaction that is mild in nature. 
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CinCUMTORY REACTIONS 

Llstially thi'! tj'iJc 0 / rcaclion is seen J« patients snfTcrini: /rofti some 
chronic eanliac disease. It is dtte usually to the disturbance of Ihccanliac 
mechanism or pulmonary mechanism that results from overloading the 
circulatory system. Too rapid adminhtmUon or the administration of too 
great a volume of fluids or blood may cause this type of reaction. It mani- 
fests itself by the appearance of right-sidcil heart failure, veiy rapiil pulse, 
.1 drop of blood pres.surc, sweating, pulmonaj?' criema and Q’anosis No 
particular difficulty in diagnosis sliouhl be cncoimlercd, as the general 
physical condition of the patient is almost se!f-evp!anator\ . \\7ien this 
complication makes its appearance, inhalation of ox^-gen under pressure 
is indicated and may be essential. The svithdrawal of at least the same 
amount of blood as was administered H indicate*}. If this type of reaction 
occurs on the operating tabic, the patient’s comlition is frequently serious 
and mai be fatal Spontaneous rceovei?’ may occur Other symptomatic 
treatment is in onler 


HEMOLYTIC REACTIONS 

Ilcmoljtic reactions ina^i be the result of various c.ium>s: (1) adminis* 
tration of mcornpatihlc bloo*!. (2) admimstnitlon of loo high-titered 
group O blood to a group AB, A or B recipient, (3) administra- 
tion of hemolyzed blood or (4) intragroup incompatibilities or the fact 
tiiat a patient with nii-negativc bloo<l liccomes sensitive to the Bh factor 
and receives Ilh-positive blood 

A hemolytic reaction produces agglutination and lieinobsis and re- 
sults in a more or less senous transfusion reaction The reaction at limes 
may be so mild a.s to go unnotical and at other times severe enough to re- 
sult in a fatal oulconie within a few hours The reaction is usually mani- 
fested br sudden lumbar pain, cold clarainj,* skin, shock, fall of bIoo<i 
pressure, rapid thready pulse, dyspnea, <yanosis and air hunger. If the 
.shock is successfully treated, the next .symptom usually is the appearance 
of j.'Mjmlice within a few hours 

If this reaction occurs on the operating table, with the patient under 
general anesthesia, it is recognized with greatly incrca«<xl difficulty. 
However, it has been interesting to me that on three occasions when in- 
compatible blood was adminislen-xl aod*lentally to an anesthetize*! pa- 
tient, three different surgeons made much tlie same remark. Each in turn 
complained of the inerea.sed bleeding and oozing from the operative site 
and no one at the time suspected that incompatible blood was being ad- 
ministered. The oozing and ble«fing were severe enougli to be very diffi- 
cult if not impossible to control 

In the event that the patient exhibits these symptoms, one may notice 
a short time later that there is a hemorrhagic tendency as indicated by 
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oozinj: of blood from tlie Ininsfiision site, ulcrus or «ny skin in- 

cision rccentb' innde. If a sample of urine h obliiitied at Ibis time it will 
usually be found to be dark in color with consulemlile free Iiemoglobin, 
but with few, if any, erythrocytes. A sample of blootl withdrawn from the 
recipient at the time of the susi>cclcd reaction should show considerable 
free I>einoglobiii in the plasma. 

If the reaction is so mild as to l>e unrecognized, it is possible that noth- 
ing will be suspected till some lime later when it is discovered ncci- 
tlcntally. However, in case of a severe reaction, an associatwl oliguria or 
anuria usually follows. The jaundice disappears in a few days. Apparently 
there is no simple relationship between the depth of tlic jaundice and the 
amount of tlie blood ndministcrcil. The nitrogenous waste products start 
accumulating, and some hours or days later uremic symptoms make tlicir 
appearance. As the uremic symptoms develop, stupor, convulsions and 
coma will ajipcar unless something intervenes to improve the patient 
suddenly. Generalized cilema and purpura may appear. If tliurcsis sud- 
denly commcncc.s, tlic prognosis is l>cUer. However, continued anuria is 
indicative of a poor prognosis. 

Diagnosis.— Because this is the one type of reaction to bo feared most, 
n fuller explanation of diagnosis is in order. xVs previously stated, the 
chills and fever may be mistaken as part of a pyrogenic reaction. On tlie 
other hand the uremic state may be so late in appearing that the possi- 
bility of a transfusion reaction may Jiavc been forgotten. In this event 
the cause of the death may be wrongly attributed to the particular illness 
of the patient. Occasionally it is vco* difiicult to decide whether the 
death is due to incompatible blood or acute cardiac failure. 

^Yhen a reaction follows a transfusion, a sample of blood should be 
drawn from the recipient to determine if there has been some hemolysis. 
It is important that the blood be drawn into a tube containing 0 per cent 
solution of ammonium oxalate and 4 per cent solution of potassium oxal- 
ate. A half cubic centimeter of this mixture is adequate for 5 cc, of blood. 
This must be done soon after the reaction, as the free hemoglobin dis- 
appears quickly from tlie circulation. If the sample s taken too late a 
wrong sense of security may be felt by attending physicians. It has been 
shown in animal experimentation tJiat the maximal hemoglobin level in 
the serum is readied within one minute, then rapidly falls within the next 
feu' minutes to one half of its maximal level ; within four to five hours the 
free Iiemoglobin entirely disappears from the circulation. 

If loo old or outdated stored blood has been administered or if the 
blood has been improperly handled, a reaction may or may not follow. 
There ma^' be free hemoglobin in the patient's serum for two or tlirec 
hours, then the red color of free hemoglobin clianges to the deep yellow 
color of bilinibinemia and fades within twenty-four to forty-eight hours. 
These changes may occur without any other symptoms whatever. 



113-1 


THOMAS II. 8ELt)ON 


A sample o! urine passed after the transfusion of incompatible blood 
is smoky red owing to the hemoglobin. Ochlecker has stated that hemo- 
globinuria does not occur unless at least CO to 80 cc. of blood is 
hemoIyzed.The coincidental presence of blood in the urine due to metror- 
rhagia or hematuria should cause no confusion because in these condi- 
tions numerous erythrocytes will be found and anuria is not one of the 
complications. 

A retest of the donor’s blood and Ibe patient's blood as to grouping and 
Rh factor should be made, and cross matching should be done , samples 
of blood from the donor’s bottle of preserved blood should be used for this 
purpose. Through human error, accidental interchange and nTong label- 
ing of the bottle may have occurri^. If fresh blood cannot be gotten from 
the donor, one may be able to observe Uiat a less than average titer of a 
or h agglutinins m the patient’s scrum increases greatly in the next few 
days after the reaction. If the titer of either a or 6 agglutinms is lower 
than average but is higher than average a few days later, one w'ould sus- 
pect that the patient has received some group A or B cells. 

Pathologic Features.' • *~-The exact mcclinnisin responsible for the 
symptoms of a hemolytic reaction is not completely understood. Some of 
the incompatible erythrocy'les are disposed of by phagocytosis, but in 
severe cases the donor's erythrocytes arc destroyed by the circulating 
agglutinins It is quite generally accepted that the renal symptoms maj’ 
be caused by the fact tiiat tlie hemoglobin released from the destroyed 
donor’s cells is being dcpositeil in the renal tubules \Mien the concentra- 
tion of free hemoglobin in the scrum exceeds a certain value, the free 
hemoglobin is passe<l out through the kidneys. The actual damage to the 
kidneys may be the result of (1) mechanical blockage of the tubules by 
crystals of hematinic acid and casts that interfere with the excretory 
function of the kidney One must remember, however, that the number 
of actual tubules that are blockcil as compared to the total number of 
tubules is quite small. Therefore, the author feels that simple mechanical 
blocking is not the only cause of the anuria. The damage to tlie kidneys 
may be due also to the fact that (2) the toxic substances produced by the 
hemolytic reaction may have a toxic effect on tlie renal parenchyma and 
also cause a spasm of the renal arteries tliat is followeil by a reducetl fil- 
tration pressure. It is thought possible tliat this arterial spasm may 
account for some of the lumbar pain. iV very fine presentation of this 
whole subject has been made by Lucke. Trueta an<I his co-workers also 
have thoroughly discussed this problem. 

Death following very soon after a severe transfusion reaction may be 
associated with multiple thrombosis. Those patients wlio survive a few 
days and have uremic symptoms caqierience coma and have renal 
changes, such as swollen edematous kidneys with degenerative ciianges 
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in Ihe cj)illielinin of tlie Inbulcs «n< 1 l»ro«’nisli pigmcnlcd casts in the 
lumens of the tubules. 

Treatment. — In a suspected or provctl case of hemolytic transfusion 
reaction, one is f/icc<l ^ntb certain definite steps. If the transfusion i-s still 
being carried out, it is stoppetb An attempt must be made to support the 
patient during tlie period of shock; the administratiott of knou'ti com- 
patible blood or blowl plasma is in order. AlksiUtiizatiou of the patient 
may be done by use of sodium bicarbonate or 6 molar sodium !acli\le. 
Intravenous administration of 5 jkt cent glucose in saline solution or in 
distilled walcr, is limilc<l to 2,0ty0 to 3,000 cc. daily. Careful watch is 
taken to prevent overloading the patient with sodium chloride. It is 
desirable to promote the onset of ditire.sts if possible, Tlio intravenous 
administration of too mncli fluid is not desirable in trying to produce 
diuretic effect. Aminophyllinc, concentrated liiininn serum nlhumin, 
blood plasma and so on may be trio<l. 

In the event the patient is oliguric or amiric and tlie iiitrogcnoius prod- 
ucts in the blood ore incroasing> one should consider peritoneal lavage.® 
UNDETER.MtNEO REACTIONS 

In ibis group go all bizarre untoward Impjienings which follow blood 
transfusion. One cannot necessarily say that the condition is not due to 
the transfusion, but neither can one blame tbe event on the illne.ss. In 
such an event, one must suspect the transfusion until proof to the con- 
trary is obtained. Treatment of this type of transfusion reaction must, of 
necessity, follow symptomatic lines. 

CONCLUSIONS 

Blood transfusions are an important part of the physician’s armamen- 
tarium to treat the patient. As Crilc said forty years ago, “Judiciously 
employed, transfusion will surely prove a valuable, often life saving, re- 
source; injudiciously employed, it will surely become discredited.” 
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MIXED adenocarcinoma AND FIBUOMV'XOSAKCOMA 
ARISING IN FIBIiO-ADENOMA OF THE BREAST 

Report of Case 

Alfukd E. Ckokkite, MalcoU* B. Dockkrtv, an*d John M. ^YA^:G^ 

Fibro-adenoniu of Uic breast is a relatively common benign tumor 
which only rarely undergoes malignant change. Ifotvevcr, during 1947 
two such instances were observed at the Clinic within a periml of a few 
weeks , in one there was evidence of adenocarcinoma alone, anti in the 
other, a mlvture of fibrom.vxosarcoinu and adenocarcinoma. This report 
is concerned primarily with the latter case. 

Fibro-adcnoinas are composal of fibrous connective tissue and epi- 
thelial elements in varjdng proportions. Examples with a prcpon<lcrnncc 
of epithelial elements arc often called “aflcnofibromas,” one variety of 
which, the fetal ndenofibroma, is often uninstly suspected of being inalig- 
nanl upon first glance through the microsco|>e because of its rich quota 
of young-appearing glandular slnjclures. 

When a fibro-adcnoma undei^ocs malignant change, the connective 
tissue elements arc more apt to be involved, producing fibrosarcoma. 
Osteosarcoma* and chondrosarcoma* have also been described. To avoid 
misunderstanding it is well to recall that the so-called cystosareoma plij’l- 
loidcs originally described by Johannes Muller is not a sarcoma but a 
giant fibromy.vo-adenoma.* This tumor may occasionally, as may any 
fibro-adenoraa, undergo malignant change. 

The simultaneous combinalion of carcinoma and sarcoma in the same 
organ is extremely rare. Kerbirion and Danel first reported the condition 
in 1897. Saphir and Vass, who studied carcinosarcoma in general, con- 
cluded that not more than 3 or 4 of the reports of 1 53 cases collected from 
the literature copid be accepted unquestionably as cases in which the 
lesions contained both carcinomatous and sarcomatous tissue. They em- 
phasized the possibility that highly anaplastic carcinoma could simulate 
sarcoma in some areas. 

In their report of a case of carcinosarwma of the breast, Harrington 
and Jliller mentioned the confusion caused by such names as carcino- 
sarcoma, sarcocareinoma, adenosarcoroa, carcinoma sarcomatodes, sar- 
coma carcinonaatodes and others. This confusion can best be avoided by 
the use of clearly descriptive names such as “muted sarcoma and carci- 
noma” rather than one of the more striking terms. 

Harrington and Jliller also presented several theories of origin of such 
mixet! malignant tumors. According to one theory both elements orig- 
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inate from a single parent coll, as maj' a Icraloma. Anolltcr theorj* pro- 
poses that the tu'o types of malignancy may arise inilependenlly as 
<hscrete tumors n-liich may or may not become intermingled. A tltiitl 
suggests that either the carcinoma or sarcoma appears initially and 
then exerts some influence on the a<i|accnl tissue causing it also to 
undergo malignant change. 

Tlie files of the Clinic include the records of 5 co-ses in nhieh a diagno- 
sis of carcinoma and sarcoma arising in a fihro-adcnoina was made. 
Needless to say, this figure does not icichide those breasts which con- 
tained fibro-adenoinas as a finding inchtentat to carcinoma elsewhere in 
the breast. 


REPORT OP CASE 

A nullipara ag«d years was first swn at the Clinic in January, 1017. Slie 
complained of a mass and soreness in the left breast which she had first noticerl 
five weeks earlier. Her moUier had died of caremoma of the breast at the age of 
SO years Tlic patient’s past history' wa-s noncontnbutery Slie hat! had no jire* 
V ious complaints referable to the breasts, and no known injury. Syrtemic review 
disclosed only mild dysmenorrhea and menorrhagia. 

Physical examination revealed a mass, 4 by 3 by 2 cm-, in the upper lateral 
quadrant of the left brest. The uterus was nodular and oboul the sue encoun- 
tered at three months’ pregnancy. Lalwralory exoniination revealed no ab- 
normality of the uriQC. There was a moderate h}i>ochron)ic anemia, the hemo- 
globm meosuring 10 S gm per 100 ml. of bloo<l and the erythrocytes niimberiog 
4,740,000 per cubic minimeter. Tlicre tias slight lciikoc,v{Dsis {19,000 )>er cubic 
millimeter), the scdimentalion rate waa 96 mm. m one hour and the pruthrombm 
time was 25 seconds (normal 19 seconds). (.'Urucaf diagnoses of tumor of the left 
breast (malignancy to be ruleii out) and uterine fibroids were maile 

Operation was performed January 29, 1947 The mass was etciseil for ex- 
amination and a radical mastectoru}- performed The surgical pathologist 
reported an encapsulated malignant neopbsm whicli showed n misliire of grade 
3 adenocarcinoma and grade 3 Sbromyxosarconut wliJch probably arose in a 
pre-existing fibro-adenoma (figs 499 and 430). TJiirtven axillary lymph noiles 
were identified and examined None slmwcd metastatic mvolvcruent. 

The postoperative course was uneieotful and on Fcbniary 18, 1947, total 
abdominal hjstcrectomy. bilateral salpingo-oophorcctomy and appendectomy 
were performed The uterus contained multiple adcnoraj’omas, tlic largest being 
9 cm. in diameter There was also mdoaietnosis the pelv ie jwritoncum ami the 
left ovary, and both ovaries contmned multiple folhadar cysts Two courses of 
roentgen therapy to Uie left side of the thorax and the left axilla w ere given at the 
Clinic and a third elsewhere. 

Tlie patient returned to the Clime in Slay, 1048, because of a lump in her right 
breast which she had first noticed three weeks before and which was groniug 
rapidly. There also had been some soreness in Uie breast for about file weeks 
Systemic review disclosed that she had bad hot fliislies. which were relieved by 
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Fig. 429 -—1 wuionia anti sarcoma Mitotic figures are plentiful in each 

(hcmslo^ylin andcos'm XI85). 
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ipjections, and that she had gradually tost 8 (lounck (3 dkg) over Ihepa-st year. 
Examination revealed an iiregiilar fem mass cm. in diameter in the mid- 
bteral portion o/ the right hrea-xt Several lymph nodes were palpable in the right 
axilla 

Operation was performed May 15, 1918 The mass w as cxcisfxl for examination 
and a radical mastectomy performed The pathologist reported grade 2 adenocar- 
cinoma 15 cm m diameter in a cyst 2 cm. in diameter Tlie remainder of lla" 
breast showed diffuse ehromc fibrous mastitis with areas of fat replacement Tlie 
axillarj' JjTDph nodes were inflammatory 

Her subsequent course was uneventful except that the wound wax a hllle.xlow 
to heal completely. Recent correspondence dixcloxcd that her unne contained 
sugar. Hus finding was not proxcnl in any of the examinations made at the Clinic 

In conclusion, while the malignant trangforniation of fibro-ndenomn 
is a relatively rare occurrence, its possiUilUy must be emphasized rather 
than minimized The necessity for early microscopic examination olany 
tumor of the breast cannot lie cmph.isizc<l loo strongly. 
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INTUSSUSCEPTION IN INFANTS AND CHILDIiEN 

RoDEUT II. GiHSO.V, B. DoCKKttTVt AM> (\aude K Dixox 

Tiilussusccpllon is one of tlit* im|K»rt;inl <i5‘:c.'ise.s whicij necessitates 
emergency surgical Uealmeni in iRecjirly jcJirsof Ufc. During tUis pcriwl 
it is pcrfiaps the commnnesl cause of intestinal obstmclion. Intussuscep- 
tion may be completely am! usually |»cnnancnlly ciirc<l by prompt treat- 
ment, us\mlly of a surgical nature, yet tragcily often results if indecision 
and procrastination have f>ccHrrcd Iwfore the institution of surgical 
treatment In spite of Ibe accumulalioti of literature on tills subject, 
througbmit the years, the morlalily rale in cases of this disease 1ms l>een 
extremely higli. Tliis in<!icates a nccti for a more widespread knowlctlgc of 
the characlerislics of tins condition in order timl one may more often 
think of it as a diagnostic p<»ssibilily awl thus insure promjA appliailion 
of therapy. 

Lcichtcnslern said tlmV intestinal obslTuction has Iwcn rccogniteil 
since the times of Hiiipocrates and Galen, but that particularly during 
the sixteenth century, under the influence of the beginning science of 
human anatomy, knowlcilgc of the anatomic lesion underlying intestinal 
ohslniclion gradually increased. Rcadlus Columbus, Fabrious IVddanus 
and Riolan, all anatoinists, are crc<lilcd with having ably described in- 
tussusception separately in l!»c sixteenth century, Nyborg salt! tlmt in 
1627 a French surgeon, Franjois Rauchln, first suggested that intussus- 
ception be excluded from tlic collective term “ileus.” lie (Nyborg) said 
that tile first specific clinical observations on this disease were made by 
Kuhn in 1702, Vcisein 1742, and by Ilevin in 1728. According to Chibbe, 
John Hunter gave one of the clearest early descriptions of this rliscase 
in the eighteenth century. 

For many years there was apparently no rational form of treatment, 
for, as Clublie said, “Old superstitions and old methods of treatment die 
hard.” Jonathan Hutchinson in 1874 reported the first case in winch 
abdominal section was performed on a child for intussusception. The re- 
sult was excellent. Hutchinson was able to find reports of only S previous 
cases in which this operation lias been performed for intussusception. 
In these cases, however, the patients were adults. Since the publica- 
tion of the paper of Hutchinson, tlie Irealment of this disease has defi- 
nitely inclined toward suipcal intervention, particularly in Great Britain 
and the United States. In part, this trend was aided by the introduction 
of aseptic surgery in the latter part of the nineteenth century. Nevertlie- 
Icss, largely through the efforts of Hirsdispning, a consemitive method 
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of treatment was evolved and ^ystemalizal. Such a method involvcfl 
extra-abdominal taxis and injection of {luids into the intestine while the 
patient iras under the influence of a general nncsthctic This method ora 
modification of it is looked upon with favor in not a few institutions, par- 
ticularly those in the Scandinavian countries and in Australia, 

In the years intcrs'cning, the Jileralurc concerning this disease has 
growu tremendously. Many excellent contributions and reviews concern- 
ing all ph.i.scs of this condition has’c heeti presentee!, by ritznilhams, 
lloinanis, Ciuhbc, Pernn and lindsay, Hipsley, Monrad, I^add anti 
Gross," and more recently by Nj boi^, Gibbs and Sutton, as well as by 
Obcrhelmaii and Condon. An exhaustive rcs’icw of the literature is not 
witliin tlie scope of lhi.s pafier us the sulijccl has been ampi}* covercfl by 
other w riters 

As previously mentioned, the mortality from fully deveJopwJ intus- 
susception among infants and chtldrcu has been inordinately high. Tlic 
purpose of this paper is to review a number of cases of intussusception in 
which the patients haic been treated .surgically and to present pertinent 
<lata relative to the <h&oasc Various signs and .symptoms will be empha- 
’sized to aid in Us diagnosis, the vanous niclhod.s of treatment will lie 
evaluated and the factors influencing the prognosis will be considcrcil. 

MATEniAL AN1> NfETIIOD OF STUDY 

This report is ba««l on a .study of C2co«sceuti\e cases in which infants 
and children who were less than 15 years of age underwent nu operntinn 
for intussusception at the Mayo Clime in a perioil of twonty-se\*en years, 
namely, from 1020 to 1916, inclusive. 

In each case, tlie chnic.il hislorj- and the surgical rcoonl were stutlieil. 
Tissues that h.ad been removed at ojioralion were studictl with reference 
to their gross ami microscopic clmractcristics Specimens that contained a 
dcmon.strabIe org.inic le.sion such as a tumor or Meckel’s diverticulum 
were studied m more detail with reference to the pathogenesis of the in- 
tussuscepting lesion 

In the literature, intu»susccpliou commonly' is classified as acute, suli- 
acute and chronic, ileponding chiefly on the duration of the symptoms. 
^Ve have followed this classification in our study. According to Berg- 
strom, intussusception should be classified ns sub.icutc if the resulting 
symploras have been present for at least a week. In c.ases in which the 
symptoms had been present for more than two wecla, Ltwhl and Gross" 
classified the intussusception as dtronic. In the 62 cases which form the 
basis of our study, the mtussasccption was clagslficil as follow's : acute in 
5C cases, subacute in 4 cases, and dtronic in 2 cases. The 50 cases of acute 
intussusception will be considered s^amtely* while the 4 cases ofsub-acutc 
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inlussusccplion and the 2 cases of cliromc iiilussusccption will !)c con> 
sh!erc<l together. 


ACUTE INTUSSUSCEPTION 

In our senes of 5G cases of acute inlussusccption, Ihc disease seemctl to 
occur more frequently in ihc spring aiul smiuner ihnn it <lid in the fall 
and ivinter. AVe realize, hoi\cvcr, that our series of ca'sc.s is loo small to 
warrant any defimte conclusions reganliiig the wasoiml incitlonce of the 
disease, Tim ages of the patients rangcsl from 2 months to 13 years In 
38 (67.8 per cent) of the cases, the pat»cnl.s were lens than 1 year of age ; 
in 44 (78 5 per cent) of the cases, the patients were less than 2 years of 
age. In 3G (C4.2 per cent) of the 56 cases, the patients were l)oy.s; in l!ie 
remaining 19 case.s (33.9 per cent), the patienls nere girls. Actually, there 
were only 55 patients in this scric-s of 56 casc.s. One of tlie hoys umlerwcni 
an operation for acute intussusception on 2 different occasions. Each in- 
stance of llie disease has been clasMfic<i as a separate case for statistical 
purjioses. All of the patients 1)elongc<l to the while race. 

In 40 of the 5G cases, the uutritionul status of tiic patients was itolc<I 
at the time of their admission to the hospital. Thirty *six (90 per cent) 
of these 40 patients were well nouri.shed, 2 (SO per cent) were fttlrly well 
nourisbod, luul 2 were poorly nourished Both of the patients who were 
poorly Hounshed survived thcoj>er.alion. 

Signs and Symptoms.— Pain or Us nmmfc&tntion.s had been notetJ In 53 
(94.6 per cent) of the casc.s. In 39 (CD 6 per cent) of t)>e eases there was a 
history of the passage of blood in llie stools or of the presence of blood on 
the physician’s finger after he bad completed a rectal examination In 0 
additional cases, blood was passcil in the stools after the administration 
of an enema. The history or the clinical fuulings, therefore, revcaletl evi- 
dence of hemalochezia in 48 (85.7 per cent) of the cases. A liUtory 
of voiniling was recorded in 45 (80.3 per cent) of the cases. In 4 of these 
45 cases, pain either had not been present or its presence had not been 
recorded in the history. 

A mass could be palpated in 44 (78.5 per cent) of the cases. The mass 
could be palpated through the abdominal wall in 41 (73.2 per cent) of the 
cases and rcctally in 15 (26.7 per cent) of the cases. In 3 of the 15 cases 
in which a mass could be palpated rectally, examination of the abdomen 
did not disclose any abnornuniity. Dance’s sign, that is, a depression in 
the right iliac region, w.ns not obser^^ed in any of the 50 cases. 
Ilicse physical findings Were elicited before the patients were anesthe- 
tized. 

In 51 (91.0 per cent) of the cases, 3 or more of the cardinal signs and 
symptoms of intussusception, namely, pain, vomiting, a palpable ab- 
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dominal mass and the passage of blood in the stools, trere present. In 27 
(48 2 per cent ) of the cases, all of these cardinal signs and symptoms were 
present. Roentgenologic examination of the intestine nilh a b.irii]in 
enema was not performed in any of tlie 56 cases of acute intussusception. 

Pathology . — Tijpe oj Intussufceplion — Tlie intussusception nas of 
theileoceal typem 41 (73.2 per cent) of the cases (I’ablc 1). In this tyj»e, 
the ileocecal valve leads the inlussusceptum. In 8 (14.2 per cent) of the 
cases, the intussusception involveil only the small intestine In 7 of those 
8 cases, it was classihed as Uco-ileac, in the remaining case, it was classi- 
fietl as jejuno-ileac The intussusception was of tlie ileocolic type in 4 
(7 1 per cent) of the 56 cases. In this tyfie, the ilciini first becomes in- 
vaginatwl into itself, after which the tcnmnal portion of the ileum passes 
into the colon from a second leading p<»inl In 2 ca.scs (3 H per cent) tiie 
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intussusception « as cohe. A double inUisstisccplwn was cucounleretl in 1 
case Table 2 shows the moiiahty according to tlie tyj>c of intussuscep- 
tion 

Demonstrable Eiiolo^ic Agents . — An etiologie agent was nntcil in oiih’ 5 
(8 9 per cent) of the cases 'I’bc ctiologicfl^nts were as follows; jMcckei’s 
<ljverliculurn in 2 cases, an eiitcrogeiious evst in I c ase, a polypoirl 
lympho.sarcoma of tlie ileum m I case, and a congenital band across the 
ileocecal juncture in 1 case. Both of the rliverticula liad become inverted 
to form the head of the intiissusceplum 
Enlargement of the mesenteric lymph nodes was nolctl in 8 (14.2 per 
cent) of the cases The enlargement of the 4 mph nodes was not refera-d 
to as the cause of the intussusception in any of these cases. Xoiie of the 
enlarged lymph nodes was rciiiovcrJ for biopsy. 

Surgical specimens were available in 5 of the 7 cases in v\ Inch resection 
of the intesline was performed for irreducible or gangrenous intussuscep- 
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lio«. A study of Uie.sc spcciiuews failcii to re%'cftl any accessory lesion 
rvhicli would wccomit for tl\c iiilus!»uscq)tion. Gross exnnuwition of the 
specitucJis rovcaJwl areas of neemsH which were clearly demarcated from 
lijc stable intestine Microscopic cx»miiial!OM ret'ealwi lUnl the patijO' 
logic changes nuigwl from severe inflaimnation to extensive necrosis, <liS' 
integration and <lecamposiliou of tissues. The general pathologic piclnrc 
was unetjuivocally that of hemorrhape infarction. 

Morfalil}'.— Twelve (31,4 j>cr cent) of the patienl.s die<l- One patient 
died in the operating room. The most common causc.sof death were shock 
and general periloniti-s (Table 2). 

TABLE 2 

Causes or Deatw in 12 Cases ov Accte IxTt•8St'^CEPT^os 


Cases 

Shock 4 

General peritonitis 2 

Pulmonary edema 1 

Poeumoma 1 

Gangrene ot \leum (toxemia) 1 

Undetermined*. 3 


• Necropsy not performed 


TABLE 3 

ItRLATioNSinr or Preoperativc IIectal Tbmpcratvre to MoftTAUnr in 56 
Cases of AcuTt lNTi'.«st*.<»cBPTios 


Pteoperfttive Rectal Temperature, 
Degrees F. 

Ciiscs j 

i Deaths 

j Number i 

Per cent 

Less than 100 

19 

2 

10.5 

too to 102 1 

31 

6 

19.3 

Higher than 102 


4 

66 6 


Convalescence.— 'In 41 ('74.5 per cent) of the 55 cases in winch tlic 
patients v-ere alive when they left the operating room, the temperature 
reached lOS" F. after the operation. Some type of postoperative coraph- 
cation occurrctl m 8 cashes. Wound infection was the most coramon com- 
plication.. 

Recurrent Intussusception.— The intussusception recurred in 1 (1.8 
per cent) of the 55 cases in which the patients were alive when they left 
the operating room. 

Factors Which May Influence Prognosis.— Cerlaio factors have been 
said to influeticc the prognosis in cases ot acute intussusception. We have 
tried to evaluate the influence of these factors in this series of ciiscs. 

Frmperalke Rectal Temperalure.—Tbe relationship between the pre- 
operative rectal temperature and the mortality is .shonn in Table 3. 
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Duration of Symplomf.—Tabh 4 ^hon-s Hie rcbtionslnp betttecn the 
(iuration of symptoms and Uie mortality. Wtli 1 exception, which was 
oh.servef) in the 10 cases in which the s}’nii)toTns liad been present for from 
1 Wfnt.v-fc)ur to tlnrty-sLx hours before the patients were brought to the 
clinic, the mortality appearctl to increase with tbc duration of the symp- 
toms Tins apparent discrcjKincy possibly may be aUribulable to the 
small nuiiibcr of cases in onr senes. 

Leiik<vi/fe Count — \ leukocyte count was made in 41 of the 56 cases. 
It did not appear to Iia%*e any effect on the prognosis in these cases. 

.Innfomie Typr of Intimuafrption— Table 1 shows the relationship 
between (he anatomic type of the intussusception ami the mortality. 


T-vnij: i 

l{tL\ii'js~iiir nr l)i mrros of .s’mrrows to .MoRTsLirr is 5/> Cesf.s or .tCLTf. 
iNTesStftCf.PTION 


Duration of Svmpfons. hr 

Cft-sca 

Denths 

Number i 

1 Per cent 

Oto 12 

14 

* 0 i 


12 to 24 

13 

2 1 

15.4 

24 to 3G 

ID 

t 4 1 

40.0 

36 to 4% 

9 

; 2 1 

222 

4S to “2 

7 

! S 1 

: 2S c 

72 to 96 

3 


CC.7 

Totol 

5C 

! I 

1 31.4 


Pro^rm of the Intumisceptum -The progress of the inlussusceptntn 
was noted in 46 cases TJie relationship bclneen llie progress of the in- 
lussuscepturn and the inorUhtj* was inconstant in these cases. 

Reducthility of the /H/uJSM.sffp/ion.— In 49 (87 5 per cent) of the 50 
cases, the intussusception was found to Ik: reihicible at the time of the 
operation. The surgical treatment employed in tliese cases and the cor- 
responding mortality are shown in Table 5 Death occurretl in 9 (18.3 
per cent) of the 49 cases It will be nol«l that death occurrorl ill 4 of the 
20 cases in which a preventive ojieration was j>erfi>rmctl after reduction 
of the intussusception Appendicosloniy was the preventive operation 
that was performeil in each of tliesc 4 cases 

The intussusception w.as found to lie irrerlncible in 7 (12.5 per cent) of 
the 56 cases. It was neccssaty to resect a portion of the mlestiuc in these 
cases. The type of resection employed and the corresponding mortality 
are shown in Table 6 Death occurred m 3 (42 8 per cent) of the 7 cases. 
Two of the 7 patients were 4 months of age ; the remaining 5 patients were 
7, 8, 9, and 10 months, and 7 years of age, respectively. 
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Effect of Trcaiincnt.~~Xn an attempt to cvahmlc the effect of the more 
frccpicnl use of the purenlcral nffministratioa of fluul ainl e!cctn)lylcs, the 
effect of the more frequent use of Wood and plasma, and the effect of tlio 
use of chemolhcraiwulic and nntibiotic agenU, the 50 cases were divided 
into 2 chronologic groups. The first group includcsl 2.> cJise.s hi nliich the 


TAQI^E 5 

OrEnATJ\ F. PnOCRDUKE ANU CoRBKSPOSOTSO MoBT\UTt JX 40 U¥ 

Iltaucini.e iNTessi'schiTiov 


Deaths 


Ojieratiw Procedure j 

Cjisea i 

1 Number 

1 Per cent 

Ueductioti of iutussusceplioii 

12 

2 

1C G 

Reduction and appondoctom) 

8 

1 

12 5 

Reduction and prevent! vc operation* 

■ 2C 

4 

15 3 

Reduction and extenori zation of ileum 

2 

2 

100 0 

Reduction and Mcckcra di vcrliculeclomy 

1 

0 


Total 

49 

9 

18.3 


• The prenentive operation eonsisted of appemlicostomy in 17 cases, piication 
of the mesentery m 4 cases, fisatvonof the mvolvcU scgatcnl of the intestine to the 
cecud and ascending colon in 3 ca<»es, and fixation of the involved segemoiit to the 
parietal peritoneum in 2 cases 


TABLE 6 

TtI»S 1 OrllKSECTJON ANDCq«RE 8I*OSOINO MonTAUTVlN7CASE3 OF InnKOUCIBBE 
iNTOSSCSCEeriON 


Tjtjo of Resection 

i Cases 

Deaths 

End-to-end ileo-ileostomy 

End-lo-eBd ileo-ikosiomy and proximal dco- 

2 

1 

colostomy 

1 

1 

Side-to-side ileo-ileostomy 

2 

1 

End-to-side ileocoloatorav 

1 

0 

Extcfiortzation operation (Mikulicz) 

1 

0 

Total 

7 

3 

(42 S per cent) 


potimls were Ircalcd at UiecJinicin the years ISSOto 1937inc!usii'e: the 
second group included 31 cases in which the patients were treated in the 
years 1038 to 1048 inclusive. Death occurred in 5 (20 per cent) of the 
first group of cases and in 1 (23.5 per cent) of the second group. Further 
inquiry revealed that the average duration of symptoms before the pa. 
tients were brought to the clinic was SS.S hours In the first group and 34.8 
hours in the second group. 
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SUBACUTE AND CHRONIC INTUSSUSCEPTION 

In the G cases of subacute or chronic ioln^susceplion, the average age 
of the patients was somewhat higher than il was in the 56 cases of acute 
intussusception In the G cases of subacute or chronic intussusception, the 
patients were 10 months, 3 j years, Gyears, 9 years, 10 years and M jears 
of age, rcsjiecUs'cly. 

Pain, %'onnttnp, and conslipalum had l*cen present in all of the cases 
but hematochezia had occurretl in oiih 2 eases An alxlorninaJ mass could 
be palpated in only I case n«>entgcnoUig«c c'caminatum witli a barium 
enema nas performerJ in I imm- Thj» tintf^nostic i>roccfiorc diseJoscfi the 
intussusception in tins case U is interesting to note that sub'Wjucnl 
laparotomy disclosed that the kinimi ericnja had rwhiccsl the intussus- 
ception complctclv 

In another case, the surpefm niis able to rtvluce the inlussii-.ceplion. 
In the 4 remaining cases, the mlus-.iisecptio« was foum! to l»c irreducible 
oT gangienous In i of \lle^u east'., the involved segment of the intestine 
WHS resccteil and an eiid-to end anastomosis was perfonnixl. An iloo- 
coloslomy ssas performed in 1 ease In the rvmiunmg case, the surgical 
treatment included an enterostomy ami u subserjuenl ileocolostoniy. 

Pathology.— The intussusception 'aas of the ileocecal lyj)c-in4 (GO.O 
•percent 'i of the cases In 1 c.ise. if was of Iheilcocolic tj jic. In the remain- 
ing case. It u,\.>!\e<i the small mtcstme Esaminalion of the surglc.d 
spr'c'imeiis re\c<i]<si that thech.mgcs iii the n.-ill of tlic invuivcd 5egineiit 
wt r“ similar to llmse obsfrvcsl in the acute form of the disease, 

Dii’htii'-irab/i ytiulogie .tgriiii — Iii i (33,‘t per cent) of the cases, cv- 
«m/inafio;i disc' jsisl .< lesion which had causes! the inlussusct'plion.Thc 
causa! lesnm is .is an adenomatous |M>iyp of llie ileum in 1 case ivn<! 
a .slencjsing lym/>hos/ircoma of the ileum in ihc oilier ca«c. 

COMMENT 

When acute mlussusceplion occurs in children, il most frcfjuenlly 
affects those who arc less than 2 years of ape. It affects bojs more fre- 
quently than girls In most of the c.iscs, the children arc wtII nourishe<!. 

If the plij'sician w .dert to tlie possdnhty that this disease may be 
present, its diagnosis i.s not difficult. This is Uhislrateii by the fact that 3 
or more of the cardinal signs and symptoms, namely, pain, vomiting, a 
p-llpable iiWis in the nbdonien and the jiassagc of hlocn} in the stools, 
were present in more than 90 percent of the 56 cases of acute Intussuscep- 
tion. 

iVn abdominal mass could be pal{)ated through the roctum in 15 (2C.7 
per cent) of the 56 cases of netde intussusception. In 3 of the 15 c.sscs in 
which an abdomin.ni mass could be p.alpatcri rcctally, palpation of the 
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tibdonici! did not revcnl any evidence of the nni«. Tliis illustrates tlic 
diagnostic value of rectal examination in cases of intussusception. 

In most ca.sc.s, the inltissusecplion can be reduced after the alxlomcn 
has been opened. Every effort .should Iw made to reduce the inlu.ssusccp- 
tion by simple means at the time of operation. Each adilitional surgical 
proccilurc is reflccterl by an inerea,sc in the mortality. Prolonged attempts 
at reduction arc not without danger. Tlic resulting .shock may be so se- 
vere that the child may not be able to withstand an additional .surgiad 
procedure. 

Altliougli tbc morUUty associaled with resection of the iiitc-^tiiie Is 
particulariy high in cases in which the patienls arc children, it .seems ad- 
visable to excise all of the i»le.stine which is nonviablc or of doubtful 
viability Such operative procedures as the one described separately by 
Jesselt and IJarker, that is, removal of the intussusceptum througlj an 
incision in the inlnssuscipiens, shouh! not be used because of the increased 
danger of infection. In ca.ses in which resection is necessary, t]»c opera- 
tive procedure of choice is excision of the involved segment with iimiic- 
dtale anastomosis or an operation of the Mikulicz type. Since resection 
wn.s performed in only 11 of the Creases in our sorie.s, definite statements 
cannot be made regarding the safest operative procedure, llesection was 
performed in 7 of the 50 casc.s of acute intussusception. Death occurred in 
3 of the 0 case.s in which the resection was followed by immediate anasto- 
mosis of the intestine (Table 6). An exteriorization operation (Mikulicz) 
was performed in the remaining case, and the patient survived. 

Ladd and Gross'* reviewed the Hlcrnlurc on this subject and reported 
30 cases in wlucli resection was performctl. They were ui\ablc to make 
any definite .statement regarding llie operative procctlure of choice. 
More recently, Dennis and Toon said limt resection followed by imme- 
diate anastomosis is the proper treatment. No death occurred in the 7 
cases in which they used this type of treatment. Perhaps, as Gibbs and 
Sutton have said, the surgical procedure must be chosen for the 
individual patient. 

Clubbe has asserteti that the use of additional surgical procedures de- 
signed to prevent the rec\irrcncc of intussusception is an example of mis- 
directeti surgical zeal. Other authors have expressed the same opinion and 
have said that such procedures should not be employed unless there is 
urgent need for the reinoval of another lesion. In addition to simple re- 
duction, procedures designed to prevent the recurrence of the intussus- 
ception were eraploj'ed in 26 of the 56 cases of acute intussusception. 
Paradoxically, in the 12 cases in which simple reduction was the only sur- 
gical procedure employed, the roortalily was slightly higher than it was 
in the 26 cases in which an additional procedure was employed to pre- 
vent recurrence of the intussuscepUoa (Table 5), It would seem that the*' 
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surgical risk probably was belter in the case.s in which an additional sur- 
gical procedure of this tj’pe was cmployetl. Since it is questionable 
whether the use of an additional surgical proceilure will prevent recur- 
rence of the intussusception, and since iulussusccpUon seldom recurs, it 
seems reasonable io assume that the use of such procedures may affect 
the prognosis adversely hy prolonging the operation. 

tMiile the site of the intussusception and the height of the fever before 
operation may have some effect on the outcome of the disease, the factor 
which has the greatest effect on prognosis is the duration of the symptoms 
before treatment is inslitulwl Table 4 indicates that the prognosis is ev 
cellcnt if treatment is instiliilcd early. Death occurrcil in 12 (21.4 per 
cent) of the 5C cases of acute intussusception. 'Die mortality rale can 
best be reduced by early diagnosis and by the institution of surgical 
treatment immwliatcly after the diagnosis bas been made. 

The subacute and chrome types of intussusception rarely affect chil- 
dren. AMien they do, they usually occur in children who are slightly older 
than, those who arc affeciwl by acute intiissusecplion. The symptoms arc 
less severe than those of acute intussusception. Ulood seldom Is pas«e<I 
m the stools and palpation usually fails to reveal any evidence of a mass 
in the abdomen. Although radical surgical treatment frequently is re- 
quired in cases of subacute or chronic intussusception, the prognosis is 
good 

SU.MMARY 

When acute intussusception occurs in duldren, it usually affects those 
who are less than 2 years of age. It has a tendency to affect healthy boys. 
An etiologlc agent can be found in only a small percentage of cases. It 
usually is Meckel’s diverticulum or a neoplasm. The most frequent site 
of the intussusception is the ileocecal segment of the intestine. In 00 per 
cent of cases of acute intussusception, 3 or more of the cardinal signs and 
syinploms of the disease, namely, pain, vomiting, a palpable abdominal 
mass and bematochezia, are present. 

In most of the cases, the intu.ssusccpUon is found to be reducible at the 
time of operation. Since resection of the intestine for irreducible or gan- 
grenous intussusception is a formidable procedure, especially in cases in 
which the patients are infants, every effort should be made to reduce the 
intussusception by simple means. No particular type of resection was 
found to be safer than another in our scries of 5C cases of acute intussus- 
ception. Since the intussusception rarely recurs, the use of additional 
operative procedures designed to prevent a recurrence cannot be recom- 
mended. The most important factor which affects the prognosis is the, 
duration of the sj’mptoms before surreal treatment is instituted. 

The subacute and chronic types of intussusception are rare. They 
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usually occur in chiMrcn ^s•l^o are oWer Uiaii those who are nfTcctcd by 
acute intussusception. The prognosis is good in cases of subncule or 
chronic intussusception. 
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REPAIR OF DEFECTS OF THE SHAFTS OF LONG BONF^ 


Pattl R. Lipscomb and John C. I\7Ns 

Defects in llie sliafts of the long bones Iinvc long on‘erc<l a real prolilem 
in reconslnictive surgerj*. Before tlic days of the massive onlay bone 
graft, advocated by Albce, Henderson,* • ‘® Campbell, and others, most 
such defects resultwl in amputation. The restoration of large defects in 
the continuity of the long bones is a much more dilTicult problem than 
that of the repair of the average nonunion. Nevertlieless, since the advent 
of chemotherapy and the antibiotics, the use of two opposing massive 
grafts ns advocated by Boyd,*** and the revival of the popularity of 
apposing half-cylinder grafts, originally described by Iley Groves, many 
extremities heretofore sacrificed arc now being made useful. 

Such defects m.ay result from gunshot wounds, congenital anomalies, 
osteomyelitis, or resection for sucli conditions ns tumors. Each case pre- 
sents an individual problem that must be considered on its own merits; 
especially is this true if the defect has occurred during the growing years 
of life, since associated secondar>' deformities arc then common unlcs.s 
the continuity of tlie bone is quickly restored. Loss of the continuity of 
bone due to congenital absence or after resection for tumor usually offers 
a somewhat different type of problem and will not be considered in this 
paper. 

Certain basic principles in the operative technic employed in these 
reconstructive procedures on bone have been repeatedly emphasized by 
such authors as Henderson,” Murray, and others. However, before ac- 
tually preceding with the reconstruction of bone itself, there are other 
considerations of equal importance that must also be weighed. Following 
is a brief recapitulation of these several factors. 

PKEOPERATIVE CONSIDERATIONS 

L Freedom From Infection. — This factor has been stressed by most 
writers and is, of course, of p.aramQunt importance, ^^^lereas formerly it 
was felt that a minimal period of sue to twelve months should elapse after 
the cessation of all drainage before definitive reconstruction of such mag- 
nitude should be undertaken, this period has been materially lessened by 
ihe use of chemotherapeutic agents and the antibiotics. 

2, Good Skin.' — ^The importance of this factor was re-emphasized dur- 
ing the recent war. The use of skin plastic methods employing split-thick- 
ness, full-thickness, or pedicle grafts is, in many instances, a necessary 
prerequisite before attention can be turned to the bone defect itself, 

3. Adequate Blood Supply. — Not onlj' should the general vascular 
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status be good but careful attention must be paid to the local circulalorj* 
status at the operative site. If this has been impnirol it can often be im- 
proved by supplying good skin, together with the excision of dense ad- 
herent scar and sclerotic l>one It is our opinion that insufhcjcnt attention 
has been paid to this latter clelail m the past. Although the fibrous tissue 
in the region of the bone defect is usually excised in an attempt to im- 
prove the blood supply, bone grafts have often been npplie<l to very dense 
and sclerotic bone wlucli is incapable of ticing invnde<l by capillaries from 
the surrounding heallhj tissue In the usual case of nonunion it maynot 
be neecssarj' to excise the fibrous tissue liclwccn tlic ends of the hone as 
has been demonstrated by Pbcinistcr. However, since the problem in the 
repair of defects of bone is much more extensive nc believe the chances 
of successful repair are enhanced by altcntion to this detail. 

4 The Neurologic Status.— Tins must !>c consideretl in detail. Ob- 
viously, one is not justifieil m porfotming some extensive tceonstruclivc 
proce<lurc when the extremity might l>c of very limited value because of 
partial or complete mterruption of the nerve supply, 

5. Muscles and Tendons.- Muscles and tcmlons, available for the 
mobilization of the part, must l>e present or restomlion of motor power 
possible liefure reconstructive proccilurcH on tlic lionc arc juslifictl. 

0. The Mental Outlook.— Determination of the patient’s mental sta- 
tus is of much importance Unless he has the will and the mental slamitia 
to go through one, and sometimes several, major operative proctslurcs, 
proloiig(sl immobilization in plaster, and a long rehahililalion program it 
may well be that amputation is the surgical choice. 

7 The Age, Sex, Social and Economic Status.— -These factors also 
should be given careful consideration before deciding wlint, if any, re- 
constructive operation is juslifioil 

OPERATIVE PROCEPURES 

Key and G!iorni!c;i , among others, have rcvicwwl the operative pro- 
cedures, together witli the tvpcs of l>o«e grafts, which arc at the disposal 
of the surgeon 01 the various ptocwlures which liave been nse»\ for the 
repair of massive defects m the hliafts of long hones, the following arc 
prominent among the .standanl methods from which one has to choose in 
selecting the proper procedure ; 

1. Direct Apposition of Existing Fragments.— In certain of the long 
bones, notably the humerus, one is justified in uccepting a considerable 
amount of shortening by dirtxrlly apjiosing the proximal and distal frag- 
ments. The fragments may he aligned in a “step-cut” fashion to obtain 
more contact of raw bone surfaces, or they may be placcil cn<l to end an<l 
bridged with a massive graft fixed to each fragment with two screws. It is 
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our opinion that if cither the step-cut or tlie cnfl-to-cnd procedure is 
ulilizctl, one is wise to reinforce the part with at least one onlay graft, 
preferably a <lual onbiy graft where this is [wssible. Shortening of 1 inch 
(2.5 cm.), and sometimes more, maj* !tc acceptable in <!efccts of the fe- 
mur, although everj' attempt should l»c marie to preser\'e full length if 
possible. The ends of the !x)ne in a .small defect of the tibia or radius can 



Fig. 431. — a. Old (one year) fracture of the left radius with shortening and 
defonnity at the wrist, b. One month after step-cut shortening of the ulna. The 
fracture of the radius shows increa-sed consolidation. 


lie approximaterl by osteotomy or resection of a .segment of the fibula or 
ulna, respcctb'ely, and such a procerlure is ju-stifiable in manv instances 
{fig. 431). 

2. Massive Onlay Grafls— This lypo of graft is to be preferrerl, in 
most instances, in the repair of long defects to any roethorl whermn inlra- 
medullarj’, osteoperiosteal or cancellous grafts, or multiple chips anrl 
shavangs are used alone. Not only does the massive onlay graft, when arle- 
quately fixcrl to each fragment with vitallium or .stainless steel screws, 
fumi-sh rigid fixation but also a readily available supply of osteogenetic 
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cleinervls is at liaial If sjijice juniiils, and cancclkms l)oiie !■> reatVily avuil- 
ublc, we feel that osteogenesis is liaslcncd hy packing tliis about the 
operative site (6g. 433) 

3. Dual Onlay Grafts.— This type of transplant advocalwl hy Boyd* - * 
has all of the advantages of the massive onlay graft, ami in addition, 
furnishes better fixation. The smiill ntrophic ends of the proximal and 
distal fragments are clamped between the two apposing grafts which arc 



Fig 432 —a, Defect in the shaft of tlic right ulna nine months after a shotgun 
injury ii, Apj>Cir.\n«e one year after repaw with a singic masstve onlay tibial 
grail. 


transfixed at each end by two metal screws. Furlhcnnorc, this tyjic of 
transplant re-establishes, to a certain extent, the normal contour of the 
medullary cavity when the trough between the two grafts has been 
packet! with cancellous bone, anil a large source of liigidy osteogcnetic 
material is again provided. In a short time the grafted region may ac- 
tually be stronger than llie bone at either end (fig. 433). 

4. Fibular Transplants. — Fibulae transplants have been used in the 
past with a fair degree of succesb in Uie rejKiir of defects in the shafts of 
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long bones; especially has this l)een the case in the repair of defects of 
the tibia by the use of the so-called lluntinglon-Stone oj>cralion, or one 
of its modifications. The experience this type of proeeilurc at the 
Mayo Clinic was summarized by Meyerding and Cherrj' in 1941. There 
are several objections to the use of fibula as a transplant. This bone is 



Fig. 433. — a, Defect in the shaft of the right ulna si\ months after a shotgun 
injury. There is minimal deformity of the «rist. b and c, Appearance nine and one 
half months after repair with dual tibial grafts. The wrist articulation is normal. 

composed of such firm cortical bone that it is usually slowly incorporated 
into the host bone and often prolongs the necessary’ immobilization time. 
For the same.reason hypertrophy of this bone is slow, and protection by 
some form of sujiport may be necessary for years follotring a successful 
“take” because of weakness at the grafted level. Nevertheless, there still 
may be an occasional patient for whom this type of transplant is prefer- 
able since it does “short-circuit” a region in whicli there may be poor 
local tissues and poor blood supply together with dormant infection which 
it has been impossible to eradicate (fig. 434). 

5. Apposing Massive Half*CyIinder Grafts.— This type of graft, ad- 
7 


use 
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deiijeHts is al haa<l. If siwee pcrmiU, and cancellous l>o!ic is rcadil}’ avail- 
able, we feel tliat ostcogcnes.is is hastened by packing tins alioul tlie 
operative site (fig. 432). 

3, Dual Onlay Grafts.- This type of transplanl ailv(ioale<l by I5oy<l’ • * 
has all of tlie advantages o! the massive onlay graft, and in addition, 
furnishes belter fixation. The small atrophic ends of the proximal and 
distal fragments are clamped between the two apposing grafts nhich are 



Fig 43i — <1, Defect m tlio shaft of tJic riRlit ulnxninc months after a shotgun 
injury h, Ajipearance one year after repair with a ainglo mftssivc onlay tibial 
graft 


transfixed at each end by two mebd screws, rtirlhcruiore, this type of 
transplant rc-cslabUshes, to a certain extent, the nornnd contour of the 
medullary cavity when the trough bclwecJi the two grafts has been 
jiacketl with cancellous lionc, awl a large source ol highly outeogcncHc 
material is again provided. In a short time tlie grafted region may ac- 
tually be stronger than the Irene at oiUier end (fig. 433). 

4. Fibular Transplants.— Fihular transplants have been used in the 
past with a fair degree of sncccsik in the repair of defects in the shafts of 



Fig. 435.-0 and h, Congenital pseuilarthrosis ot the right tibia Tin. bono on 
fi.'J'Z.IL'!? « verg dense and eeleSL a'd roLaenta a 
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SPECIAL CONSIDERATIONS IN CHILDREIN 
In children llie problem is compbcaled by tbc presence o{ active, grow- 
ing epiphyses, and deserves special consulcration. Tliesc defects should 
be repaired at the earliest possible time compatible with safely. 
Especially in the case of both bones of the forearm, and in the lower leg, 
when there is a massive defect in one of the Iwncs, deformity at the joints 
ijuickly ensues unless the eontinmty of the nfTccteil bone is restored with* 



Fig 43" — 0 , Deleft of the dksial part of tlie tibia in an lS->car -old girl following 
cYCiaiOD of the tibial diaphjsis reven >ear» previously for osteomyelitis. Note 
iletormily at the bnce and at tbc anbyloscd anVte b and c, Appearance fifteen 
months after osteotomy of the fibula, dual l>one graft for libial defect, supra- 
condylar osieotomj of the femur, resection of the fibular bead and osteotomy of 
the upper pirt of the tibia performed in three stages. 

out delay. 'rViis is well illustralctV by comparison of case 7, in which 
several osteotomies were required lo restore alignment, case 8, in which 
progression of the deformity was arrested hut some residual deformity 
remained, and case 3, in which early repair made the problem rela- 
tively simple and there was no resultant deformity (figs. 437, 438 an<I 
433). 

If one bone is short at its end because of epiphyseal arrest, wc feel that 
it is important to lengthen this bone surgically during the growth period, 
once or several times if necessary. This is done in an attempt to prevent 
secondary deformity m the remaining growth centers. Case 9 is an ev- 
ample (fig. 439). 
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REPORT OF CASES 

Case 1.— A 35*year-oId man was first seen in the Clinic in June, 1928. One 
year previously a large rock liad fallen on Uie left forearm and a compound frac- 
ture of both bones had resulted. After twelve weeks an open reduction had been 
done because of malalignment, and the record slated that “the radial fragments 
were wired.” Examination rcveale<l that the left ulna was abnormally prominent 
at its distal end, with weakness and laxity at the wrist. Roentgenologic examina- 
tion showed no evidence of fracture of the ulna but tliere w'as an old fracture of 
the junction of tlic upper and middle thirds of the radius with considerable shorl- 



Fig. 438. — a. Defect of the radius m an 8-year-old boy, three jears after osteo- 
myelitis and extensive sequestrectomy. Note late deformity at the wrist, h and c, 
Appearance three and one half months after dual tibial bone graft reinforced with 
iliac chips. 

ening. A few days later the ulna was shortened 1.S cm. by a step-cut, fixation 
being with two beef-bone screws. At the same time the triangular fibrocartilage 
was explored and W’as found to be torn away from the ulnar styloid. This was 
repaired- An excellent result was oblmned, both bones going ahead to rapid, body 
union (fig. 431). 


Case 2. — A IS-year-old boy was first seen in the Clinic in August, 1928, having 
received a shotgun wound of the right forearm nine months previously. Examin- 
ation revealed a defect, about 2 indies (about 5 cm ) in length, in the middle 
third of the ulna and an old fracture of the radius united in good position. There 
w'as a draining sinus and an ulnar palsy. In July, 1929 after the sinus bad been 
healed for several months, the defect in the ulna, which measured about 10 cm.. 
Was bridged with a single massive onlay tibial graft fastened to the proximal aud 
distal fragments with double chromic catgut suture. The space between the bone 
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end'iVi'as packed v.itliDwUiplcl»ouc chips. At the same time the emls of the ulnar 
nerve were locatotl. At a siihj>Mjiient operation, three months later, anterior 
transposition and anastomo'«is of the nerve O'ctc done, 'i he ulna was restored to 
•a’Dbrokta Uot paUy ct the ulnar nerve persisted (fig. iS2). 

C.s.sE 8.— A 14-ycar-old boy was first seen in the Clinic in February. 1947, 
having suffered a diotgmi wound of the right forearm six months previoudy. The 
wound of entrj’ had been repaired nitli a lai^c split-thickness skin graft. Lxam- 
ination showed the wound to be well healed. There was partial palsy of Uie ulnar 
nen-e with incomplete loss of motor function. Hocntgenologie examination 
showed absence of the middle lldrd of the ulna uith ulnar deviation of tlie distal 
radial epiphysis. At ojieration the mc<hillary canal was opcncrl in both fragments 
and then the defect was bridged tritli dual libhil grafts, cancellous l>onc being 
packed between the grafts. Firm Ixmy union occurred and the clinical rcstiU was 
excellent (fig. 433). 

Case 4,-~The patient was first seen in the Clinic in 1921 at the age of t2 yearSj, 
having had three operations on the left tibia for osloomyelitis of three and one 
half years’ duration. Examination sliowed a large defect of the luidshaft of the 
tibia and a draining sinus. Sequestrectomy was done. Six months later, at which 
time the defect measured 10 cm., a massive onlay graft was done, n*illi ino beef* 
bone screws used above and below for fixation; multiple bone chips were placed 
alongside tlic graft. Gironic drainage developed from the operative site and 
eventually the graft was lost. About fii'e years later the patient was seen again. 
Her wound had been completely healed and without drainage for a year but she 
had been seriously considering amputation. On March 18, 1020, the first-stage 
of the Huntington type of procedure was done, the fibula being implanted into 
the proximal tihial fragment. On January 0, 1927, the second stage was done, the 
lower part of the fibula being transplanted into the distal tibial fragment. Post- 
operative convalescence r\as uneventful. Hic patient was last seen in 1944 at 
which time it Was noted that she bad not used a cane for many years, was working 
on her feet in a store all day long, and was very pleased with the result cien 
though there was about 3 inches (about 7.5 cm.) of shortening (fig. 434). 

Case 5. — A 35-year-old man was first seen in the Clinic in November, 1947, 
having had two operations, one at the age of 4 years and one at tlie age of 9, for 
congenital pseudarthrosis of the ri^t tibia. Examination revealed actual shorten- 
ing of 4| inches (about 12 cm.), with marked anterolateral botving; there was 
quite marked secondary distortion of the talus, the talocalcaneal and talonavicu- 
lar joints. Keconstruction was done on December 10, 1947. The fibula was cut at 
the level of the pseudarthrosis. The region of the pseudarthrosis was then excised 
back to healthy bone and the defect was repaired oith a massive half-cylinder 
graft (Hey Groves) after the method described by Flanagan. Fixation was 
obtained with six stainless steel screws. Finn union, both clinically and roent- 
genologically, occurred (fig. 435). 



infl. «. JOHV C. lVtN>* 


Ct.y F —A )tar tiM tiun uttcro montltt |irtviou*ly liad suflercd from & 
r»l fmrtufr «’/ of tlif fotrarni i*ltcn the arm wn tausH in a 

f.5» .~e I*?? IV I'wn “wimr* at prtre; lli«“ ulna ha<l utiitwl but the 

rx{ <:* P*“f. ■'kI » s<d»*«juriitly apjdirtl hai! uUimalrl.v ahwrW com- 

jvV«r5.v, f-tamitiation aJuiwnl tV hrain! fractiirr of lh<* lower ihlnl of ibe ulna, 
• ilH a!*»fi«^ *’f •!>'■ tfiir»l of Uie nMlIu* Tlie defect wai jurpcallj reixurtd 
!•» Pr. M nfndrrv)n in July, 10 |S, |»y tnin«i>IaritBtion of a portion of Ibe 
OnU ii.fl'iding ifie JifaJ and al"Hil I inchra (aliotit 10 on ) of the shaft; fixation 
was iJdainc«l l>y clin>mio ratjjul atittitr*. I*inn liony union rwultol and ibe 
el niral result was cirYllenl. Further tmpntarmrnl, at least from a cosmetic 
•taolpi'Int, wutiM proVlily have lio-n ohtainesl hy revrtion of the end of the 
ulna; litiwrsrr, it nui«l V rrmemlw-ml that thi« patient was usseralol on in 1918 
(fis 4W) 

<'i»K 7.— An I** year-old pirt aiHuit se\ei» jmrs pirsiously lift<l had excision of 
the llhial «hapl»y ii» for rlmmic osies»myrIilis After ses cnl year* the wound had 
liealesl, and when first vren she ssas wrarinj: a long leg hnre and ori sescra! 
iircaslotis had Iwrii ads ivs| tu suhiuit to aaiputalion Kiamination sliownl most 
of the tihial shaft to l«e presriit hut it was \rfy small and the distal i inchrs 
(aUuil «J ) «ai niissitiR; the ankle joint was fusol as wrrr some of the tarsal 
joints. IIk* '*#* '•* vanis ami there was ntarkeil lateral and pos'.rrior du- 
plapcmenl of the leg on the tliigli Tliere was i itiehes of aetiial shortening In tie 
first stage of the reconstruction the fihiila wasostrolotnitesl in pfiler to correct the 
jwniiMm of the f<w>t on the teg; the defect wa-s hrulgeil with massive dual tibial 
graft* BUil pnekr«l with n large spiaiittty s>f cancellous Ume, fixation lifingoh* 
laiiicd at the upj>cr cn»l with two x itaUiiim screrv-s Finn union occurrtsl rapidly, 
and two months after the first proceshire aiipranmiiylar wcslge tislfolomy ut the 
femur wms dune in onicr to correct the podlion of the leg on the thigh and to 
(sirrect tin* recurs utiiin of the knee, rmally. two mouths Liter (four month* after 
the first stage) transserM* t»'lc»>luniy of the upper end of the tihia was done in 
onler to ciirrcs lly align the lihia with the femur Tlie rlinical result was excellent 
(rg.-*37). 

K — All 8-}ear-oId Iwj was first seen lu August, 1013, with a history of 
hnsing hnd acute ostiuHujelilis of the left foivarm one jTar Vfore, A Urge 
sc«nicslrum had liccn rrmuxcsl from the radius. Kxaminalion sliowisl radial 
lies iat ion of the wrist and a defect of nearly 3 iuchea (aViit 7.5 cm.) in the lower 
thin! of the mdiiis, with only nlmut 1 inch (?.5cm ) of the distal part of the radius 
remaining. It was felt that insiifliriciil time liad eUpsesJ after the acute infection 
to make reconstruction safe Acconlingly, tlie patient went home, and he returned 
in June, IP 15. Ilc-cxaminaliou showcsl n S-indi radial defect hut on active lower 



HKfAHt OF I»KrK<'rs OF SIIAfTS OF l.ONO 


\Uu 


vUww sctctvs Otic year later there t\ax firni dinjcal tiiiion am! llu' 

I in length «as Ics-s prononncwl. At tliftl lime the screws were rcnumnl ami 
crent scat was cxct'csl MiCii gmtvth U complete the tlKta! e«ul t'f the nhni 
probably need excision (fig. 438). 

ASE 0 ~ A H-ycar-oltl girl hail hwl two mjiiries* to the left \\ rNt nl about the 
of 4 years with sub$c<nucnt growth deformity at the wrist, l-.xamination 
led the distal part of tJ»c ulna to l»e short, with ulnar bowing of the ilistnl 
of the radius At operation the «lna was Jenpthcnetl alKxit I inch (nlK«tl ^ 
( by a step cut proceilurc, fixation l>eing obtained with two vUnllitini screws, 
n the patient was last seen, two years after operation, there wni priicllcally 
■ct function of the forearm and wnsl with the exception of slight liniitntion 
nU supination, there was a \er^ sUghl Mliinr deviation, of the hand. Uwnt- 
grams .showed firm boni' union of the ulna nnd nhiiosteompk-teclo'.uri'of the 
I radial epiphysis (fig. 430) 

SUMMMtY AM) CONCbUSiOS'S 

‘fore proccciiing with rcconstnictioii of massive defects iti the .shafts 
0 long bones tltc following faclorj» must be cvalunlis! : freedom from 
lion, the .status of the skin, the gencrid iind local vascular Mipply, 
talus of the nerves, inuscic.s and tendons, and llic incntnl outlook, 
'Cx, social and economic stattis of the patient. \Vhcn repairing u bone* 
t it i.s important to cnidlc.ito, ns much us jxissilde, the scar tissue 
ckroUc bone in the vicinity of the tlcfeel. 

e standard methods of restoring the continuity of the long bone.s 
which one has to choose arc reviewtxl and the advantages ami dis* 
itages of each are pointcil out. This varies from hone to bone ami 

0 case but in general the dual libial graft seems be.sl .suilwl in the 
■ity of cases. 

1 problem of repair of defects of the long bones is much rnorc urgent 
Idren than In adults; the repair should be carried out n.s quickly as 
>1e, compatible with safely. If the rc|mir is necessarily or unneees- 
delayed, secondary dcfornittics rather quickly devclo{i; cspcciuUy 
the case when there is a defect in one of the liones of the forearm 
leg and the other continues its growth nt a normal mte. 

es illustrating the .slandunl method of repair arc reporlisl. Also 
showing the advantages of early over late repair of defects of the 
ones in children are reporletl. 


nEFEHEXCES 

oe, F. n.: IVmciplcs of tbc Treatment of Non-union of Fracture. Surif 
G3i3ec. 4: Obat. A/.-^SO-SSO (Sept.) 1030, ^ 

4, H Tt.: CongemlB-l pBCudarthtosis; Treatment by BuaT iionc Grafts 
- ft Sufg, n n. «.-407-S!5 (July) lOJl. 
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flap for repair of Ulnt iwrtioti of tlio defect involvioR llic nn,e and the 
Other end of the flap for that portion on the cliec-k 
Cm-ical and clavicular tube flaps can be considered together because 
thej are cmploj-ed for the same purpose They sui)p!y tissue for smaller 
defects about the nose and diceks A cervical flap (fig. 413) lias the 
mivantage o reaclnng ,lircctly to the defect but has the disadvantage of 
Icai mg visible scarring on the side of the neck when the patient is clothed. 



Fig. 414 —Clavicular lube flap for the repair of a n&sal defect. Tiic tube /l.ip 
is elevated just below llic clavicle. Four to six weeks later, the mcsul end is de- 
tached iiTid brought up to the nasal defect This form of migration is necessary for 
a short tube m order that it can lie elevated to the facial defect. 


On the other hand, a clavicular tube flap (fig. 414) is loo short to roach 
directly to the defect ; one end must be allnched to the side of the neck 
as an intermediary stage before the other end can be detached and trnns- 
fcrrecl for the reconstructive process. In consetiucncc, a clavicular tube 
flap requires an extra four weeks^ time in preparation. It has the ad- 
V'antage, however, of not leaving visible scarring when the patient is 
clothed, as does the cervical lube flap. 




Figgis. ” ^.1 ... fflcialrcconslruction 

because of • . - the tube flap is lined 

with .a full ■ . ‘ ‘ . by the dotted area, 

b, Ijitcr the lower end is dctache<i from the chest end sutured to the midcervjcal 
region, c, IVhcn this iias liealod in three or ftmr weeks, the upper end of the tube 
cut across and elevated up to the facia) defect. 



Fig. 416. Reconstruction of the nose ndth a pedicle arm flap. My colleagues 
and 3 advocate this method of nasal reconstruction only when the forehead and 
trunk are scarred, prohibiting the use of forehead flaps or distant tube flaps. 
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A SIMPLIFIED CLASSIFICATION OF THE GLIOMAS. BASED ON 
THE CONCEPT OF ANAPIASIA 


IIem)iuk J. Sviev, IlonEJiT F. MAnoK, James W. Kernoikn*, and 
Alfred W . Adson 

From the surgeon’s slandpotnl, brain tumors can he conveniently 
classifictl as follows: (1) tumors of the envelopes of the hnun (men- 
ingiomas, sarcomas) ; (2) tumors of special structures (pituitan* atleno- 
mas, pinealomas); (3) tumors arising from hclerolopic rests (epider- 
moids, dermoids, chordomas, cRiniojduiryngionias) ; (4) tumors arising 
from cranial nerves (neurofibromas); (5) tumors arising from vascular 
tissue (angiomas, hemangiomas, hemangio-cndolheliomas aiid others) ; 
(C) metastatic malignant lesions and ('<) tumors arising from neural 
elements (gliomas). 

The surgical pathology and the degree of malignancy of the first siv of 
these subdivisions arc fairly well understood and uniformly determined. 
Thus, it is kno^NTi that approximately 10 per cent of meningiomas are 
malignant meningiomas, and that certain adenomas of the ]>ituitary 
show evidence of malignant change. However, with the present Insto- 
genctic concept of the gliomas and the classification hasctl on this con- 
cept, the neurosurgeon is confronted with sixteen or seventeen sub- 
divisions and obtains only a relative index of degree of malignancy of 
each. 

The authors believed that a simplification of the present classification 
of gliomas together with the grading of the degree of ninlignanc^’ within 
each group would be highly advantageous to the neurosurgeon. We ap- 
plied the concept which Js rather universally held by general pathologists 
in dealing with carcinoma elsewhere in the body, namely, that malignant 
change represents anaplastic transformation of adult cells. The neural 
tissue of the brain is made up of four different types of cells, and con- 
sequently when the concept of anaplastic change is applied to the study 
of gliomas, four types of gliomas may arise from the neural elements 
of the central nervous system; namely, (1) astrocytoma, (2) ependy- 
moma, (3) oligodendroglioma and (4) neurocytoma (neuro-astro- 
cytoma). Medulloblastoma also must be included as an entity because 
of its relatively constant histologic structure and its frequency of oc- 
currence. A discussion of each of these subdivisions follows. 

ASTROCYTOMA 

In our group of astrocytomas, graded 1 to 4 on the degree of mali 
nancy, we have included the following glioma suhflivisioiis of B 
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Cushing: nstroo’loma, |»olar spongiobUslotnn, astroWasloiiia and 
glioblaslotJia mukifornic The mclii^ion of these various subtHvhioni is 
justified on llie bash of certain ^listologic, diniesd and laboralorj* obser- 
vations. 

Itnssc!! and Blatul Jiave dionn that }H>}ar spongioblastomas when 
grown JiJ tissue culture, base tlio growth and liislologic characteristics 
of astrocytes. TIic life hislon.- of {xilar spongioblastomas is similar to that 
of the astrocytomas We also ogrec with lUsssell and Bland that the 
cnvirotiinciit of llie usual a»Ic of pre<Hlcclion of SQ-call«l polar spongio- 
blastomas (optic nersc and pons) is res|K)nsiblc for the clongalwl ap- 
iwiirancc of these cells We, therefore, base dropptsi the “{lolar spongio- 
blastoma” subgroup aud in our elassificjithm of llie gliomas have inclmleil 
Ibis tumor w itb tlie aslroe> Umias 

The grouping of tnm<»rs cjiHctl “Hsjrohhistoma*’ has been severely criti- 
eiml on the grounds that the rmiitsareilUlcfineil nud artificial. In defin- 
ing Ibis tumor iubgroup. Ihule.v and (.’iishtng did not adhere strictly to 
bislogciictic «hcla Hnther, they slrcssetl a histologic architecttiral ar- 
rangement, a perivascular actmifunn pallcrn of nsJroWasts aroinnl blood 
vessels. Tbcj also brought in life history of the tumor as a criterion for 
this group. By making this iirchitccttirni pattern a prcrc<juisile for 
cliissificntion as astroblastoina, they necessarily exclmleil many tumors 
in which the ustrobl.ist xius the prislominant cell type. On the other 
baml, if hihtogefielie<!ictaurea<!hcrts! to strictly as was done by Ilortega, 
and If all tumors iii wliicli Ibc pmlommunl cell tyjio Is lltc aslroblast are 
Included in the astroblasloma group, many tumors will be inc!iide<l 
wliicb Bailey* would call ‘ proloplasiiiic ustroeyloinas with anapLislic 
tendencies," or "low-grade ghobhistomas." Hoiissy nnd OlKTliiig, and 
Bergstrand did not recognize the astrol>la.sloma subgroup, but considered 
these tumors with tlie uslroc.A toinns Tills brief summary lemis to 
support the criticism that the iHiuiidury lines of this glioma subgroup 
are ili-ilefineil. 

'J'he gliobL'isloma multifoniic subgroup 1«« never been satisfactorily 
lilted inl<* histogcnetie scJieiiies of classification. The vacieg.aled cells of 
this tumor, some of which are innrkwlly pleomorphic nnd others of which 
are nmllimiclcatcd giant cells, were at first thouglit to be spongioblasts, 
and accordingly this tumor when first dcscribetl by Globus an<l btrauss 
was c.iUed ‘‘spoiigiobliistoma imiUiformc.” However, most students m 
the field .are agreed that none of the \'ariegnlod cells found in this tumor 
even remotely resemble sponpoblasts It is now gcnenilly agreetl that 
they are glial cells, althougli abnormal in character. Ilcncc this tumor 
has been arbitnirily renamed "ghoblastoiim inuUiforme,” even 
there is no such ceil as a glioblast Penfield has stated that it is di icu 
in this tumor to select a single type of which can be identifie< wit i 
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any of llic cell types in the spongioWaslic series ; this fact makes a liislo- 
genetic classification of this tumor n problem. 

Various authors have incnlioncfl a definite interrelationship among 
these three tumor groups, astrocytoma, astrohlastoma and glioblastoma 
multiforme. Bailey and Bucy slalc<l that the aslroblastoina passes over 
by insensible transitions to glioblastoma muUiformc, cpondymoblasloma 
or to astrocytoma. Elvidge, Pcnfield and Cone cxprcssc<l the opinion 
that the astrohlastoma, histologically and biologically lies between the 
astrocytoma and the glioblastoma intiUifonne. Bucy staled that some 
astrocytomas occasionally undergo malignant Irnnsforination and then 
histologically and clinicallj* resemble glioblastoma nmUiforme. Scherer 
has pointed out the frequency with whicli areas of glioblastoma multi* 
forme arc found in astrocytomas. This fact appears significant inasmuch 
as glioblastoma inultifonne rarely is admixed with any glioma, except 
the astrocytoma. Furthennore, the tissue culture .studies of Catili, 
Bland and Russell cmphasiswl this interrelationship among these tumor 
groups. They have shown that the cells of the cultured glioblastoma 
rnulliforme pass over in time into astrocytes. Kcrnolmn, in (li.scussing 
brain tumors, has expressed the opinion that the astrohlastoma and 
the glioblastoma multiforme arc malignant astrocytomas. 

It occurred to us in the course of our slu<ly that it might be well to 
lump these three tumor subdivisions together and study them as a whole. 
It soon became evident that within this assembled group of tumors a 
gradual transition occurs from least malignant to most malignant and 
the histologic features of the tumors of a slight degree of malignancy can 
be traced uninterruptc<lly into the most malignant ones. V'e, of course, 
saw the same cells which Bailey and Cushing considered to be astro* 
blasts, and the variegated polymorphic cells and the mitotic figures 
which arc said to characterize the glioblastoma multiforme. However, 
rather than attempt to relate these various cells to certain stages of the 
development of the central nervous system of the embryo,' we inter- 
preted them as anaplastic transfonnations of normal astrocytes. There- 
fore, on the basis of dedifferention or anaplasia, for example, pleomor- 
phism, hyperchromalism and mitotic figures, we believe that these 
three tumor groups, the astrocytoma, astrohlastoma and glioblastoma 
raultiforme represent varying degrees of malignancy within a single 
tumor group. We have graded the tumors of this group as astrocytomas, 
grade 1 to 4. 

In addition to the more frequently encountered fibrillary astro- 
cytomas, we have included in this analysis the tumors in which most 
o! the cells arc protoplasmic, or gemistrocytic types o! astrocytes. 
Criteria tor the various grades have been established, solely from the 
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liislologjc picture, witlioiil reference to the life history of the tumor; 
as follows ; 

Grade l.'~.\strocjtonias of grade 1 arc co!»pi>sc<! entirdj- of astro- 
cytes svhich ha\c normal nuclei with varying; nmnlK-rs of fairly well 
formed processes (Hr 440, a) as seen in the routine hematovylin and 
cosin, MaHory-Ucidonhum, Mnllorj' idiosphotiinRstic acid stains, and 
in tlie sjMTcia! stains, jwirticularly the Cajal gold chloride and sublimate 
slain. AUliough the tumor is coinpose<l of fairly normal astrocytes, the 
nonnal c<iniposition and architecture of the brain Is absent. Thus, if 
the tumor is situated in the cortex, the normal architectonic layer pat- 
tern of ganglion cells and their processes is replaced in the centra! portion 
of the tumor hj a collection of nonual-npiJcariug astrocytes. Similarly, 
if the tumor is situatc<! in the white mailer, a collection of riormal- 
appcaring astrocjles has iKtrlinlly replaecil tlic fiber tracts. From the 
center of the tumor to the peri|ihen.. there is ft gradual transition lx*- 
tween tumor and norm.il brain, and in this transitional zone distorted, 
angulated. and fragmented paiiplionic processes and ganglionic cells in 
various stages of dcgcuernUon are prewnl Tins trunsHional zone in 
grade 1 Iutoots is tiroad uml dt tlcfined. The numtiiT of astroc^dcs in the 
core of the tumor per unit urea is not always matcrblly increased os’cr 
the number of astrocj tes jicr unit area in normal hrotn. In those tutnors 
m which the majority of cclK are fibrillary nstrocylcs, tlie degree of 
fibrillary desclopmcnt w iiigb (fig. 440, 6) 

The degree of vascularity of these tumors is the same as that of normal 
bruin tis'uc Adventitial proliferation is mmimiil and infreipicnl, it is 
found m onlj a verj small {ler cent of Imnors of grade 1. Intima! prolif- 
eration IS minimal and very rare These changes prtxluce u shglit tbichcn- 
mg of the walls of ncv^cIs In a Jew tumors of this gmdc the astrocytes 
have a penva«icular actmiform arrangement. 

Man!fe^t^lllo^s of anni>lasia, such as pleomorphism of either cyto- 
plasm or midciis, hyjKTchromalism, and mitotic figures, nre not present. 
The lesjom., although comjwsccl of nornial-uppearing ^l5t^ocytcs, arc 
none the le^s malignant, because they arc tumefactions composed of an 
abnomial urrangement of aslrocj’tcs. This concept w'hich considers a 
tumefaction composed of iiorina}-ap]>caring cells ns mniignant is particu- 
Jarly apropos of the central nervous ^•slem, in w Inch the tissue is particu- 
larly vulnerable to the effects of a space occupying lesion 

Grade 2.~Tlie majority of the astrocytes arc normal in appearance 
in tumors of gratle 2 The general features cliaraclcristlc of grade - 
tumors, for example, ccllulanly, transitional zone, degree of fibnlUry 
development, vascularity, jwnvascular nctiniform nrrangementi arc 
essentially the same as those found in tumors of graile 1. Minimal a< - 
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Fig. 440. — Astrocytoma, grade 1 (hematoxylin and cosin), a, Uniformity of 
structural elements is evident (XlSO). b, AU the cells appear to be normal astro- 
cytes Note the high degree of fibrillary development (X400). 


ventitial and intiinal changes are encountered more frequently than in 
tumors of grade \. 

The remaining cells' show evidence of early anaplastic change (fig. 
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chromatic No mitotic figures are present (X-IW). 

441, a). These changes consist of slight to moderate pleomorphism of 
cytoplasm and nucleus, together with a parallel degree of hyperchroma- 
tism. No mitotic figures are found (Qg.441,b). 



Fig 442. — Astrocytoma, grade 3 (hciDato.xylm and eosin). o. Moderate evidence 
of anaplasia is present (X150). i. About one half of tbe cells appear to be normal 
astrocytes. The remaining one half are pleomorphic and their nuclei are hyper- 
chromatic. Mitotic figures are present, averaging 1 in e%’ery other high-pov.er 
field (X400). 

Grade 3.— One half to three quarters ol the astrocytes are normal in 
appearance In tumors of grade 3. The transitional zone between tumor 
and normal brain tissue is narrower than in tumors of grade 9. Trte 
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number of cells is increased b)* roughly 50 per cent -over the number per 
unit area in normal brain tissue The degree of fibrillarj' development 
parallels the number of nonnal'appearing fibrillary astrocytes nliicb are 
present. Perivascular aclmilonn arrangenient of cells is infrequently 
seen in this grade 

Tumors of this grade arc more vascular than those of the lower grades. 
Adventitial and inlimal thickening is more frequently encountered than 
in grades 1 and 2 The endothelm! prohfemtion is pronounced; in many 
instances layers of four or five cells occur Areas of necrosis are frequent 
throughout the tumor 

The remaining astrocytes sbos\ imnphistic transformation of mcxlerale 
degree (fig 442, a ) These changes consist of pleoniorj'hism of cytop!a.sra 
and nuclei, and hyperehroinalisin of nuclei. Occasionally polymorpho- 
nucleated and multmucleated giant cells are seen. Mitotic figures arc 
present averaging one m es-ery other high-powcr field (fig. 442, b). 

Grade 4 . — A few normal-appearing ostrocyies are seen in tumors of 
grade 4 (fig 443. « and fr) The tmnsilional zone is often sharply de- 
marcated ami often grossly recognizable The ntimljcr of cells is markedly 
Increased to alioiit three times the number of cells |>cr unit area that arc 
present m iiosnul bram tissue The degree of fibrillary development 
parallels the mmibcr of normal-appearing fibrillary nstrocjtes present. 
Pernasfular aetimfonn urrangement Is extremely rare. Vascularity is 
m.irke<! Adwnlilial and cndothelml thickening of the svalU of the blood 
vessels is prt.'sent in almost every instance. Kndolbolial proliferation is 
marked ami mni have progressed to complete occlusion of the lumen. 
Mitotic figure', sre fre<[ueiitly seen in the proliferating cndothelluin. 
Regions of {)cvfOM> are frequent ami extensive. In the remaining astro- 
cytes anaplastic transformation is market!. Variegattxl and biz-arre 
pleomorphic ch.mgt's in cytoplasm and nuclei are seen. Ilyperchromalism 
IS consequently \erv inarkctJ Polj'mor|)honucleatetl ami mulliniicleated 
cells are abundant Mitotic figures arc obundanl, averaging four or five 
m every' high-power field 

Briefly summarized, the criteria for the various grades of malignancy 
of astrocytomas are ns follows; Grade I is characterized by astrocytes of 
relatively normal appearance without anaplasia. Grade 2 is character- 
ized by the early anaplastic transformation of a small number of cells. 
No mitotic figures are prc.senl. Grade 3 is charactcrizct! by moderate 
anaplastic transformation of roughly one half of the cells. Mitotic figures 
are present in an average of one m every otlier high-power field. Gr.i<le 
4 is characterized by marked anapkastic transformation of most of the 
cells. lilitotic figures are abundant, averaging four or five in every 
high-power field. 

Material Studied--~In I6I cases of cerebral astrocytoma in which the 




Fig 443.— Astrocytoma, grade 4 (hematoxylin and eosin). a, Marked evidence 
of anaplasia is present (X150). 6, liie majority of the cells appear to be normal 
astrocytes. The remaining cells are markedly anaplastic, and multinucleatcd 
giant cells are usually present Mitotic figures are abundant, averaging 4 or 5 in 
every high-power field (X400). 


patient survived operation by more than one month, and in which satis- 
factory follow-up records were available, the tumors were graded by the 
method outlined. Then the grade o! malignancy was correlated with 
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preoperativc duration of symptoms, postoperative survival period and 
age of patient. Variable factors, namely, extent of operation and post- 
operative irradiation therapy, svere applicable to about the same degree 
in all four grades of malignancy. Iilultiplc operations were done in 9 
cases in this entire series, and this factor had verj* little effect on the 
average postoperative survival periods. Our results are summarized in 
table 1 . 

Thus, from this study, wc have eliminated the subgroups, polar 
spongioblastoma, astroblastoma and glioblastoma multiforme from our 
classification of gliomas, an<l liavc consi<lere<l these tumors, together 
with the astrocytomas, as astrocj'lomas, grade 1 to 4. 


TABLE 1 

ASTROCTTOMtS 


Grade 

! 

' I’aticnts 

1 

Average I 
Age, yr I 

Average 
Prtopcia- ' 
live Dura- 
tion of 
Symptoms, 
mo 

Average 
rost- 
opcrativc 
Survival, 
mo • 

Thwe- 
Year 
Survival, 
per cent 

1 

1 32 

339 

20.8 

73 6 

: 63 6 

2 

38 

382 1 

n 2 

23 8 

IS 8 

3 

i 37 

40 4 1 

11 8 

11 5 

14 3 

4 

St 

42 6 

7 3 

6 6 

1 3.8 

Total 

1 161 



• Since some of the patients were living at Ihe time of this study, these figures 
reprchent minimal estimates of average periods of survival after operation 


EPENDYMOMAS 

In the group of ependymomas (gratlc 1 to 4) wc have included the 
ependjmoma, the cpcndjTnoblasloma, papilloma of the choroid plexus 
and the neuro-epithelioma of Bailey and Cushing’s classification. 

Kernohan in 1932 suggested that ncuro-cpithcliomas histologically 
and clinically were identical with epcndymal-cell tumors and suggested 
their inclusion with this group, llis suggestion has been widely accepted 
by neuropathologists. Therefore, we have dropped the term “neuro- 
epithelioma” from our classification of gliomas. 

Papillomas of the choroid plexus were included as one of the epcndy- 
mal-cell architectural types by Kernohan and Fletcher-Kernoban in 
1937. This suggestion has met witli wide approval by neuropathologists, 
and wc have dropped the term “papillomas of the choroid plexus” as 
designating a glioma subtype entity. 

Heretofore all the epcndymal-cell gliomas in the Clinic scries have 
been grouped, first of all, according to their arcliitectural pattern, 
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Fig 445 — EpenOymoma, graded (bcmatoxyliu and cosin) a, The arclutecttiral 
pattern is Jms distinct than in ependymomas of Rwle Ij aftho'igh it « eas>!y 


whic)i the predominant cell typis was the ependymoblast liavel>ecn 
classified as "ependymohlastoma.” T^is latter term h generally con- 
strued to mdicale malignancy. 



pattern, 

13 presenl ■ 
cytes, wh 

chromati " ' ■ ■ 

In a recent analysis of this group of gliomas, Tve failed to find any 
correlation between the four ardiitectural tj^pes of ependymoma and 
the life historj' of the tumor. Moreover, the tumors which we placed in 
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mt. 




F»g 447. — Ependymoma, grade 4 (bcmato’cyhn and eosm) a, Although tj 


morpmc and have nyperchromaticnuoiei MunUc iigurvanre nuuiiuaiii, avi-.-i. • u 
four or five per high-potvcr field (X-lOO) 
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epemiyinal cells of normal appearance arc present \\ ilh no evidence of 
anaplasia In grade 2 early anaplastic transformation of a small number 
of cells has occurred, but no mitotic figures are present. In grade 3 
rongbly half of the cells have undergone mo<lerttte anaplastic transforma- 
tion. About one mitotic figure is pre.scnt in everj’ other high powered 
field. In grade 4 the majority of cells show marked an.aplastic trans- 
formation. An average of four or five mitotic figures may be seen in ever}* 
liigh-power field. 

Material Studied.— In 57 cases of intracranial ependymoma in which 
operation was pcrformc<l, in which the postoperative periotl of survival 
was more than one month, and m which s-alisfnctory follow-iip data 


TABLK 2 


Grade I’atwnU* 

' .\veraKc 
Arc. yr 

Averace 
I’rcopera- 
t»vc Ihira- 
1 tion of 
'S>mpton«, 
1 nio 

.Vvhfagc 

Operative 
Survival, , 
mo ' 

Tliree- 
Vesr 
Survival, 
jvst cent 

I 30 

25 1 

i 15 8 

77.0 

75 3 

2 g 

2S 5 

■ 15.0 

37 7 

SS.5 

i 0 

2i 0 

1 50 

1 18.0 

11 1 

4 ' 10 ; 

3) 3 

1 »' 

10 1 

5.1 


ToluJ _ j 57 

• Since home of the pat jcnta were Hving nl the time of this atu‘ly> figure* 
represem minimal estimates of average |>rrio«!s of survival after operation. 

Were itv.iii.ible the lesions were grudetl by the mclhoil outlinwl. Then 
tlie grade of malignancy was correlated with the preoperalive duration 
of symptoms, the postoperative i.iir\'ival period, atul age of the patient. 
Variable factors, such as extent of opemtion un<l postoperative irradia- 
tion therapy, were applicable to about the same degree in lesions of all 
four grades of malignancy. Multiple o|>crations were perforraecl in only 
6 cases and therefore liad little effect on the average postoperative 
survis-al figures. Results arcsummarizwl in toble 9. 

OLlGODENDROGLfO.MAS 

We have not yet studied oligodwidrogUomas with the object in view 
of classifying them according to different grades of malignancy as we 
bavc done wilb astrocytomas and ependymomas. Our scries of oligo- 
dendrogliomas is not now sufficiently large to be statistically significant, 
but we think that when an adequate number of lesions have been as- 
sembled and reviewed a system of grading Ibcir malignancy will be as 
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satisfactory' as it lias been in the types of gliomas wc have rcviewctl. It 
is well known by neurosurgeons am! neuropathologists that most oligo- 
dendrogliomas grow very slowly, but it is also well known that some are 
highly malignant and grow rapidly. These latter have been referred to ns 
"oligodendroblastomas.” We also think that there will be intermediate 
grades of malignancy between the two extremes. It seems to us that by 
designating the mniignancy oi V\icse Uwiots ns grade 1 Vo A, \V wowW 
eliminate the term “oligodendroblastoma” and simplify still further 
the nomenclature of gliomas. 

NEUnO-ASTnOCYTOMAS 

Tumors coinpose<I exclusively or even predominantly of nerve cells 
are found infrequently in the central nervous system. The majority of 
such tumors are a mixture of adult nerve cells and aslrocylos or dcrliffcr- 
entiatod cells of either of both types. These tumors could be gradctl 1 to 
4 depending on the dominance of tbc anaplastic cells in Ibc growth and 
the term "neuro-astrocytoma," grade 1, 2, 3, or 4 could be used. The 
group of tumors described by Globus as spongioncuroblastomas would 
thus be designated neuro-astrocytomas, grade 2 to 4, depending on the 
degree of anaplasia present in these tumors. 

MEDULLOBLASTOMAS 

Medulloblastomas are found predominantly in the midline of the 
cerebellum of ebUdron, although they have been found occasionally in 
young adults. These gliomas have a relaUvely constant histologic struc- 
ture. The source of origin of these tumors has not yet been definitely 
established and we consider them tumors “sui generis.” Because of their 
relatively constant and characteristic structure we do not think that 
grading the malignancy of these tumors is necessary at this time. 

In all reported scries of brain tumors the incidence of raedullo-epi- 
iheliomas has been exceedingly low and in many series no tumor of tliis 
type has been found. In more than 4,000 tumors of the central nervous 
system studied at the Clinic, Uie diagnosis of medullo-cpilhelioma has 
been made only four times and since 1930 no examples have been en- 
countered. In a critical restudy of these 4 tumors we found that 3 were 
really ependjonomas, grade 4, and 1 was a medulloblastoma. Therefore, 
in the light of our experience, we believe that this tumor entity should be 
eliminated from the classification of gliomas. 

MODIFIED CLASSIFICATION 

The suggested modification of the classification of gliomas is presented 
in table 3, 
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A surgeon ilcaliug with maUgnanl lesions desires to cJctcmune two 
facts from the microscopic exjitninalion of the tissue nilh which he is 
confronleil: 1. Wial kind of tumor is il? 2. What vs its grailc of malig- 
nancy? The surgical procctlutc is often detemvinccl or mo<Hfie<l hy this 
knowledge. The proposed modification of the classification of gliomas 


TABLE 3 

Suggested Modimcation or Clsssihcstvov or Guouss 


Now 


Old mith New in Parentheses 


/Vslrocytoma, gride 1 to -1 | Aalroc>toma (nslrocytomn, grade 15 

; Aairoltlastoms tnatrocytoma, grade 2j 
' Polar Bpongiohlastoma (oiisoJefc) 

, niioblastoma niultifornic {astrocytoma, grades 
3 and 4) 


Lpendjmotna. grade 1 lo 4 E|wndymoma (ependymoma, grade 1) 

Lpendymoldastomi (epcnilymoma, grade 
2 to 4) 

Keuro-epithelioma (ohsoietc) 
Mcdullo-epvtliclioma (ependymoma, grade 4) 


Ohgodcndrngliumt. grade 1 
tn 4 


Oligodendroglioma (niigndendrngiinma, grade 1) 
Ohgodendroldastoma (oligodendroblastoina, 
grade 2 to 4> 


Neuro-usvroe\ii>mii. grade i Neuroeytonm 
to 4 Ganglioneuroma ( (neuro-a.slroejtoma, 

Ganghocytoma j grade 11 
' G.inglioghoroa j 
NeurobUsloma 1 

' Spongioneurold wloma I (neurn-a.stroe\tnma. 
! Gliojieuroldastoma f grade 2 to 4) 

and others j 


MedullobJ I'.iimu McduUolilnstoma 


and the grading of Ihcir degree of niaitgiiancs has prosidctl a practical 
approach to the managemeut of Oicm: tumors. 
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FALSE DIVEUTICULA OF THE APPENDIX: A SEQUEL 
OF PREVIOUS INFUMMATION AND RUPTURE 
OF THE APPENDIX 

A Clinical and Palliologic Study 


Artiiuh E. Gilvmse, Malcolm B, Dockekty, and 
Jou>f AI. Waugh 

Diverticula of llic appendix have long been consideretl cxtre\ncly 
rare, almost to the point of being surgical curiosities, and arc still con- 
sidered as such, despite the increasing frcqtJoncy of reports in recent 
medical literature. Yet it is well cslablislied that appendixes, once 
ruptured, arc prone to rupture again with minimal sigits and sjMnptoms 
and that peritonitis and a higher mortality result. This tendency to 
rupture easily is probably due to formation of diverticula. 

Diverticula of the appendix can be classifie<l as “true” or “congenital,” 
which indeed are rare, and as “false” or “acquired.” True diverticula 
are those in which all layers of the nornml appendix can be identified 
microscopically, whereas in false diverticula the muscvilaris is absent, 
destroyed by a previous perforation at Ibe site, or localized infection in 
the appendiceal wall with a resultant extrusion of the healed mucosa 
through the appendiceal wall. This false outpouching with absence of the 
muscularis must certainly be recognized as a point of weakness in the 
appendiceal wall, more susceptible to future infection than the remainder 
of the organ, and also, once infected, prone to rupture with minimal 
symptoms. 

This study has been undertaken to determine and prove the presence 
of false diverticula in appendixes that Iiave previously been the site of 
an inflammatory process and niplurc, and since it is restricted to cases 
of proved inflammation, cases with previous history of appendicitis 
only, were ruled out in the face of possible diagnostic error, and only 
those in which previous rupture had been established by means of surgical 
exploration and drainage or by Ibe presence of an appendiceal abscess 
at the time of removal were considered suitable for this study. 

PARTIAL REVIEW OP LITERATURE WITH EMPHASIS ON ETIOLOGIC 
FEATURES 

The most recent survey and study of the subject was published by 
Khne, \oung and Straus in 19-41. They discussed the literature, develop- 
mental, inflammatory' and regressive changes and clinical significance 
of these false diverticula in addition to presenting their series of 49 cases 
® 1189 
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of iaho iliverlicula 'nl»jcli oc«iit«1 in 10,000 ca«es of appendicitis, an 
incidence of 0.49 per cent. In those 49 eases they found 85 «Hvcrliculii, 
nliiclj nere foniid most frcitMciillj m the distal thin! of the jippendiv. 
Seventy-three ami nine tenths jwt cent of tlic 49 patients \scrc females 
and 201 per cent males IIjc jmingest patient was 13 year-i and the 
oldest C8 years of ujjc The inajtwity <»( <Iivcrliciila were found in persons 
ill the third decade. Eightv -three and four tenths IKT cent were located 
in the ineso-appcmlicfAl v»le of the organ. Twenty -nine ami six lenllis 
per cent of the false di\erticida were inflamed, and in this .series llie 
incidence of infl.umnalion and jierforation of the false diserliciilii was 
much greater than that of mflamiualion ami perforation of the appendix 
itself. Hence the autimrs concluded that jjcrforntivc apj)emliciHs with 
false diverticula fomi.itum preili*‘t>oses to twrforalive diverticulitis of llic 
appendix. 

Rohmer, in 1945, ret»orte<l an intcresling ca«c of inoarccratwl inguinal 
hernia complicate*! I)\ ueutc suppurative op}>c»dtc»t>« and a diverticulum 
of the appendix, nitli naus<-a ns the only syiiiptorii. Tlie patient had no 
elevation of tenijieruture ami the leukocyte and ililTcrcnlinl counts were 
\sithin tiomnil limits In the same year Altcmeicr rcjxirlcsl a cu-se of 
multiple true du ert mulu, two of which showcil evidrnre of inflammation 
with markcsl Kinphocytic ami iwljinorphomiclcar leukocytic infiltra- 
tion present in the umc<»sa, suhinucosa and jnijsculiiris of these two 
diiert icida 

In Heu'mlier, 19 4(!, (Jilinore ami Mahan rcporleil o case of divorticulo- 
sis of tilt Appendix seen uml diagnoscil on roentgenologic examination 
Thn e *U\ vrtunla were vimUc. 

1 hrrjtigliout the literature, the etiology of appendiceal diverticula 
has Ix-en the subject of rather inarkeil dispule;yet practically all authors 
are of the opinion that there arc Imlh ctmgcnital and acriuirci! types of 
di\ erticula I ndisjnited cases of the relatively rare congenital di\ crlicula, 
howe%er. h,i%e hern rejwrlod l»y llc<linger in a stillborn infant, and later 
by B.ichlechnor. Malone, von Faylass, Kline,” Hadley ami Cogswell, 
SoWapfer , Ibduwcr and .Mtcmcier. 

The etiology of the uc({iurcil or false tyi*c of diverticulum has been 
the .subject of considerable ermtroxx^y. All investigaloris swii to agree 
to the existence of sonic omniprcscnl or prcformtxl urea of weakness in 
the muscular wall of tlie apiicndix, yel there is a wide difference of 
opinion as to the origin ami <te\ cIo]nncnt. 

The earliest theory as to the oripn of diverticula was projxiswl hy 
Weinberg in 1898. He concluded that previous inflammation and ulccm- 
lioii of the wall of the aijpcndix was followcti by repair nnd regeneration 



rA!.sn nivEiiTicuiA or the aitkndix 


11J)1 


of ihc iiutco'sa, tlic inuscularis, however, hcinR rcplacwl by fibrous 
tissue, a tlcfinilc i)oInl of ^^cakncss throtij;!i which tlie nuiw)sa inijjht licr- 
niate. Other later hivcstifiators,*-^- “ 
too nuiuerous to mention, concurrcti witli his ideas. 

^Icrtcns proposed the theory Ihnl these diverticula occurrtHl throuj'h 
gaps where the vessels penetrate the imisculnris. These weak points arc 
present normally along the mc.scnteric bonier for the most part. They 
also occur in the antimesentcric border hut less frequently at this site. 
Beer, Stout, Stewart, and others concurrc<\ with tiiis opinion. 

Chase agreeil with the theory that the greater number of diverticula 
occurred in the region of a vascular hiatus, but was of the opinion that 
this was due to possible rapid loss of weight by the patient, with re- 
sultant «lisappcarancc of fatly tissue aliout the vessel thus producing 
an area of weakness through wliich mucosa might herniate. 

The traction theory was subscribc<l to by sevend authors, notably 
Mulsow and Wolf! who descril>e<l fibrous bands adlicring to the appendix 
and the presence of diverticula at llicse sites. 

Masson, in 1930, dcscnl»e<l hypertrophy of the musculoncrvoii.s com- 
plex of the submucosa and imicosa in the presence of inflammation. 
This process conceivably could contribute not only to a localizeil weak- 
ness of tlic muscularis of the appendix but also to an obstruction of tlie 
lumen by furtlier development of Inic neuromas. Dordick and Wolff both 
reported cases of diverticula in association with neuroma. 

It is apparent that diverticula occur tlirough muscular defects in 
the wall of the appendix, the origin of which might be due to any of the 
previously described causes Several hypolbcscs have been advanced to 
explain why the mucous membrane protrudes through these defects. 
Practically all authors agree on the presence of increased intraluminal 
pressure but differ to some extent as to the origin of this increased pres- 
sure. Obstruction of the lumen proximally is present in the great majority 
of appendixes with diverticula. Stout, in 1923, proposeil a “muscular 
contraction” theory, based on studies performed on dogs. lie demon- 
strated that with operative muscular defects protrusions of the suh- 
inucosa and mucosa were accompaniwl by active contractions of the 
circular and longitudinal muscles and shortening of the appendix. lie 
assumed that the redundant mucosa herniated tlirough the defect, seek- 
ing an outlet in the face of the muscular contraction. Edwards, Chase, 
Stewart and Galambos favoreil this hypothesis. 

Obstruction of the lumen proximal to the muscular defect, however, 
seems to be the predominant factor causing increased intraluminal 
pressure. This obstruction may be either organic or functional. Organic 



1191' A. r. GHAM&R, M. B, DOCKERTY, J. M. WAUGH 

INCIDENCE, AGE AND SEX 

In 35 o! tlie 47 cases, careful study revealed fake (liv’crficula, an 
incidence of 74.4 per cent. It must be cmpliasizcd at this point that the 
35 cases in which iliverticiila were found were the same 35 cases in which 
the major portion of tlie organ was available for study. Tlic .specimens 
from these 35 cases had prcviouslj’ been examined and sectionctl for 
diagnosis at (he time of ojwration, with removal of varying amounts of 
tissue, hence an accurate clicck as to the miinber of diverticula per 
specimen was impossible. Although there had been a total of 43 perfora- 
tions m the 35 appcnduces in which «Iiverticu!a had been found, onl.\ 
one di\ erliculum was found in cacb appendix. 

Ilie average age of the 55 palicnt.s with diverticula at the time of 
the original drainage of the appcniliccal abscess was 28(5 jears, the 
youngest was 2.5 years and the oldest C4 years 

The number of patients who had diverticula m each decade was as 
follows: 0 to 9 years, 5, 10 to 19 years, 11 ; 20 to 29 >ears, 8, 30 to 39 
years, 3 , 40 to 49 j ears, 0 , 50 to 59 years, 6 and CO to C9 years, 2. 

The Iarge,st number of dlscrticiila xscrc found in the second decade 
of life, winch age group corresponds in ratio to tlie relative incidence of 
uncomplicated acute appendicitis 

Diverticula were found in 21 males and 14 females, a ratio of 3 males 
to 2 females. 


SYMPTOMATOLOGY 

Clinical sjmploms m tlicsc 35 cases were those most often found in 
acute appcralicitis, with (hose of a niptiireiJ appendix siipcrirnposeil 
They were varietl in degree ond character to he sure , pain was the most 
coii-stant finding. Generally it was inlcrmillcnt and^cramping in cliar- 
acter at first, originating in the cpigastruiin and then localizing in the 
right lower quadrant, or originating primarily in tlie right lower ([iiad- 
rant In 32 of the cases at the time of drainage of the appendiceal abscess, 
pain had localized in the right lower quadrant of the abdomen, and in 
3 additional cases at the time of operation it was in both lower (piadrants. 
The pain and other associated symptoms had been present from one to 
sixteen days prior to admission to the hospital in this series of cases. 

In 32 cases nausea and anorexia were marked, and m 28 vomiting 
was present in varying degrees at the time of admission to the hospital. 

In 8 cases there was diarrhea on admission In these patients diarrhea 
was the major complaint. 

Fever was noted on admission in all but 2 cases In 4 cases the temper- 
ature was 99 to 99.9° F. on admission, m 11, 100 to 100 9°; in 8, lOI to 
1019°; in 6, 102 to 102,9° and in 4, 103 to 103.9°. 

In 5 cases chills in addition to the fever were present. 



FA1>K l)lVK«TIcnJI.A (JF Tlu: ArrFNIMX 


IIM 


PHYSICAL FINPINGS 

xVlMloiinnul lcmlcrnc‘?s ^Ya.s most prominent in IIjc riglit lower cjinulranl 
in all 35 eases. In 3 cijscs temlcmcss of lesser degree was present in ll^e 
left lower quadrant and in several olliers there was minimal tenderness 
in the epigastric region. Muscle spasm and rigidity of v.arjdng degrees 
also ^Ycre tlescrihed in all eases. 

On n<lnnssion a palpable mass in the right lower quadrant was jiotc<l 
and niontionctl in the records in 24 of the caiscs, although J»l operation a 
dcfiuile localirotl abscess was present and described in all 35 eases. 

LABORATOnV FINDINGS 

leukocyte counts varied from normal to the extreme of 28,800 pet 
cubic millimeter of blood with an average of 15,000. In 7 ca.ses they were 
from 5,000 to 10,000, in 13 from 10,001 to 15,000, in 0 from 15,001 to 
20,000, in G from 20,001 to 25,000 ami in 3 from 25,001 to 30,000. 

Differential counts revealed an average of 82 per cent polymorpho- 
nuclear leukocytes with a range of from 71 to 03 per cent. Monocytes 
averaged 5.0 per cent witli a range of froJu 0 to 14 per cent and lympho- 
cytes averaged 12.9 per cent with a range of from 4 to 20 per cent. 

CLINICAL diagnosis 

Acute appendicitis was diagnosed in all 35 cases prior to operation 
and appendicitis with rupture was diagnosc<l in 24 of these 35 cases. At 
operation in the 32 eases in wliicli drainage was employed, appendiceal 
abscesses were present, and in the remaining 3 cases masses wliidi were 
palpable on admission had resolved somewhat prior to surgery. In the 
majority of eases, the main diagnostic points and criteria were typical; 
that is, pain localizing in the right lower quadrant, tenderness and the 
presence of a mass, with a historj’ of fever, nausea, vomiting and ano- 
rexia, plus the changes in the leukocyte count. 

CLINICAL COURSE 

In a number of eases in wdiidi a ruptured appendix was diagnosed 
and in which a favorable cHnieal course seemed likely, the patients were 
treated conservatively with the hope of localization of the abscess. In 
these patients symptoms had been present from one to sixteen days prior 
to admission to the hospital with an average of 5.3 days. 

Of the 32 patients on whom drainage was performed, 14 were operated 
on immediately on admission ; in 9 other cases the abscesses were drained 
within seventy-two hours after admission. One patient was observed 
and treated conservatively for thirty-nine days prior to drainage of 
abscesses in both the right and left lower quadrant. The average dura- 
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lion of conservative treatment prior to drainage in tins scries of cases 
Was 4 8 days. 

Po-sloperative complications, as would be evpectcd, were relatively 
high in this series They included pneumonia in 2 cases, in 1 of which 
empyema subsequently developed and requiretl tlrainage. In 2 cases 
fecal fistulas developed mIucIi drained on an average of four months; in 
1 of these cases obstructive ssmaptoms ilevclopcd on two occasions but 
disappeared on later removal of the appendix. Another patient developed 
similar obstructive symptoms on three occasions but responded favor- 
ably to appendectomy. A pelvic abscess requiring posterior colpotomy 
in 1 case complicated the postoperative course following drainage of the 
abscess. 

The average postoperative stay in the hospital was 20 3 days and 
rangeil from nine to seventy-seven <lays, dependent of course on the 
complicating factors This was a marked Increase over the average post- 
opcratiA’C stay of the patient srho had onlinnry appendicitis without 
rupture. 


COURSE AFTER DRAINAGE OF AHSCESS 

Of the 32 patients in whom appendiceal drainage was carried out, and 
who had been advised to return for inlcr\'al appendectomy, 10 relumed 
for this procedure within from one to nine months, an average of 4 0 
months, without having had any symptonis Siv patients were read- 
mitted within from two to seven months after the original surgical or 
spontaneous drainage because of recurrent symptoms and a second 
nipture of the appendix with formation of abscess. Surgical drainage 
was carriwl out a second time in these cases, an average of 4 5 months 
after the original drainage. The sixth patient, in whom an abscess had 
originally drained spontaneously through the rectum, had recurrent 
attacks of pain and spontaneous drainage through the rectum at inteiwals 
of approximately three months for one year, at AAhich time it was neces- 
sary to dram a pelvic abscess from aboA'e. Thereafter there were no 
symptoms for a period of twenty-six months, at which time symptoms 
recurred At operation a retrocecal ruptured appendi.x with abscess was 
found. 

Tlie remaining 7 patients relumed Avith acute symptoms from two 
to five months after drainage, an a\’erage of 3.2 months, and appen- 
dectomy Avas performed at that time. 

In summary, of the 32 patients who underwent surgical drainage, 
13 patients returned AVitli symptoms of acute appendicitis either with or 
without another rupture of the appendix, an average of 3 9 months 
after the initial operation In 6 of the 19 cases in which interval ajipcn- 
dectomies were performed, pathologic examination revealed subacute 
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inflammatory changes, despite minimal or no symptoms and clinical 
findings. Therefore, of the total of 32 cases in ^\liich drainage was em- 
ployed, 19, or approximately GO per cent, .showed either pathologic, or 
both clinical and pathologic evidence of recurrent inflninination within 
four to five months after the original drainage. 

As previously mentioned, in G cases dniinagc was carried out a second 
lime (spontaneous drainage through rectum first lime in 1 case) because 
of anotlier rupture with formation of abscess. At the time of the second 
drainage the patients were advised to return for interval appendectomy. 
Five of these G patients returned for appendectomy within three months. 
Two of the 5 returned with acute symptoms, one at six weeks and one 
at three months after the second drainage. In both cases pathologic 
examination of tlje specimen revealed subacute inflammatory changes. 
This sixth patient returned in twenty-six months ^^^th a thirtl rupture 
and formation of a small abscess at which time the appendix was re- 
moved. Hence within an average of C.3 months, a half, or 50 per cent, 
of this group of G patients rctunied witli acute symptoms. One liad 
rupture and formation of abscess. 

Recurrent symptoms were essentially Ibe same ns those of the original 
attack, but the symptoms appeared to progress much more rapidly and 
were more fulminating in nature. Rupture occurred witliln a shorter 
interval following onset of symptoms than at the time of the primarj* 
rupture. 


GROSS AND MICROSCOPIC FINDINGS 

The diverticulum was located in the distal third of appendix in 12 
cases (34.3 per cent), in the middle third in 17 (48.G per cent), in the 
proximal third in 5 (14.3 per cent) and its site could not be determined 
in 1 case (3.8 per cent). It was located in the mesenteric border of the 
appendix in 14 cases (40.0 per cent), in the antimesenteric border in 8 
(22.8 per cent), in the sides in 8 (22.8 per cent) and the site could not 
be determined in 5 (14,4 per cent). 

From these figures it is evident that the mesenteric border of the 
appendix was the site of predilection but the antimesenteric border and 
sides also contained a large number. 

The diverticula varied slightly in size, from 3 to 7 mm., presenting 
themselves as small outpouchings on the external surface of tlie appendix 
(fig. 448), with definite evidence of rupture of the diverticula in 3 cases 
(fig. 449), an average of approximate^' 8 6 per cent. 

Microscopically, the diverticula consisted essentially of mucosa, 
fibrous tissue and serosa, and in some instances there was evidence of 
fatty tissue along with the fibrous tissue. The cellular components in the 
diverticula depended, of course, on the presence or absence of inflamma- 
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Fig 448 —Diverticulum of the appendix cut ihrouph center The break in the 
muacle ts grossly visible, with the mucous membrane extending down through it 
Tip of diverticulum covered by fatly tissue 



Fig 449. — Perforated diverticulum — pointer through site of perforation 
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lion (fig. 4.50), with eosinophils, plasma cells, lympljocytcs and leuko- 
cytes identified in varjdng amounts. Involutional and compression 
cliangcs were present in the mucosa of the diverticula in some instances. 
In all case.s, disniplion of both the inner circular and outer longitudinal 
layers of muscle was complete at the site of the diverticulum (figs. 4 j 1 
and 452). In 4 early cases the mucosa was entirely absent, and liad not 
been regencnile<l as yet, after its de.slniction at the lime of perforation. 
Moderate difficulty ^\as encounlcnal during llic search for diverticula. 



Fig. 450 — Subacute inflammatory changes visible in defect. Mucosa absent 
(X22). 

especially with those presenting along or within the leaves of the meso- 
appendix. Several were cut through Iwforc they were recognized because 
fatly tissue masked their presence. 

As previously mentioned, 3 of the 35 patients ^\e^e treated conserva- 
tively for periods of ten, fifteen and twenty days, after which time the 
appendix was removed wnlhout previous drainage of an abscess. In all 3 
cases diverticula were recognized grossly, and this finding was confirmed 
microscopically. Both the appendix and diverticulum showed evidence 
of acute inflammation in each case. Hence, in these 8 cases, within an 
average of fifteen days after onset of sjTnptoms, diverticula had pro- 
gressed to the size of gross recognition. The mucosa had not regenerated 
as yet in these cases. 

Of the total of 35 specimens, 1C showed microscopic evidence of active 
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infljimmatorj' changes in the diverUculum proper, whereas in 19 the 
condition was classified as chronic. 

Pathogenesis.- — In this series of 35 cases the diagnosis of nipluretl or 
perforated appendix was established clinically or at the lime of operation 
in all cjises. Formation of divcrlicuhnn followetl with recognition of 
diverticula at the lime of removal in 5 of the 35 cases in this scries. 

Contributing Factors. — Organic factors wbicli may have contributed 
materially to increased intralumin.al pressure anti hence formation of 
diverticula included: fecaliths in 7 cases, obliteration or partial oblitera- 
tion of the appendix in 2 cases, stricture proximal to diverticulum in 2 and 
adenocarcinoma in 1 case. A mucocele was nolc<l in only 1 case. 

It must be emphasized that various functional factors which could 
not be identified by pathologic cxamuialion may have been, and prob- 
ably were, present to bring about incrcasc<l intraluminal pressure in vivo. 

THEAT-MENT 

From the data presented it is obvious that once appendiceal rupture 
has occurred and the abscess drained, diverticula are likely to develop 
at the site of rupture. Tliese diverticula are recognizo<l ns definite weak 
points, which are prone to re-infecllon and possibly to rupture. Interval 
appendectomy is the treatment of choice in cases of ruptured appendix 
and should be carried out as soon as the patient’s general condition 
warrants it, preferably witliin two to lliree months after drainage of 
the abscess. 


COMMENT 

Diverticula obviously occur more commonly than noted on ordinary' 
pathologic examination of the organ after appendectomy. Recent studies, 
with careful examination of the specimen, have shown a progressive 
increase in incidence of diverticulum. 

Diverticula per se may be the end result of any one, or a combination 
of several pathogenetic factors as previously discussed by other authors. 
However, probably the most outstanding predisposing factor is that of 
previous inflammation and perforation of the appendix with destruction 
of the muscularis at the site of rupture. Repair leaves a weak fibrous 
sear. There is regeneration of the mucosa, submucosa and subserosa from 
the area adjoining the site of perforation. Stasis due to the absence of 
muscle in the diverticula, as mentioned by Kline and associates, may be 
a factor to account for the higher incidence of inflammation in the 
diverticulum. Perforation of the appendix itself is less common than 
perforation of the diverticulum. This fact must be assumed in this series 
from the number of perforated diverticula found (4) and the total 
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number of perforations (43) as compared with the number of diverticula 
found (35) and from comparison with the number of perforations in the 
appendixes in general. 

Obstruction, either organic or functional, as previously rcpoHe<l by 
many authors, undouhlctlly plays a large part in increased intraluminal 
pressure within the organ with resultant fonnation of diverticula, with 
fecaliths and fecal columns most likely heading the list of offenders, 
followed by obliterative reactions, stncturcs, and so forth. 

The dangers connected with formation of diverticula should he rc- 
emi)hasized. Diverticula are prone to infection, as dcmonslraletl pre- 
viously by other authors. Tlicy are weak points in the wall of the ap- 
pendix and hence are prone to rupture ognin with possible minimal 
symptoms, with a resultant gencralizcil peritonitis. The increased num- 
ber of complicating factors with higher morbklity and mortality rate is 
a foregone conclusion with ruptured appendix. 

Diverticula of the appendix arc of clinical importance in the produc- 
tion of some cases of pscudoinj-xoma pcrilonaei, as pointed out by Ldhr, 
Masson and Hamrick, Collins,* Wolff, Hies, Ganlliam and associates 
Wilson, in 1947 in his thesis, pointed out the fact that there was some 
relation between these false diverticula of the niipendix and granulomas 
of the ileocecal region secondary to appendicitis. 

REPORT OF CASES 

Case 1 — Tlie patient, a boy 13 years of age, was adtsilled to the hospital four 
days after the sudden onset of nausea and vomiting and generalized abdominal 
pam Three days previously he In'gan to pass eight to ten stools during the day. 
Pam, nausea, vomitmg and diarrlica continued for two more dnj’S The pain 
finally localized in the right lower quadrant tncb'o hours before admission. 

Examination revealed marked rigidity of the entire abdomen, tenderness wlilch 
was greatest in the right lower quadrant, and d moss in the right lower quadrant 
palpable through the abdominal wall and also by rectum * 

Laboratory findings were as follows: urine normal; 12.4 gm. of hemoglobin per 
100 cc of blood and 15,200 leukocytes per cubic millimeter 70 per cent of which 
were neutrophils, 17 per cent lymphocytes and 7 per cent monocj’tes 

Emergency dramage of tlie abscess was pcrformetl, witli a moderate amount of 
purulent material and gas present Culture revealed Escliericlua coh and gram- 
positive bacilli. 

The patient remained in the hospital for twcnly-sLx days after operation. Re- 
peated probings of the site of drainage w’ere necessary before the infection sub- 
sided. The patient and his parents were told that the boy should return for 
interval appendectomy. 

Within the next six months the patient was admitted twice with generafized 
abdominal pain, distention and mild symptoms of obstruction wlucli responded 
in both instances to medical management. 

Aproximately six months after drainage of the abscess, the patient awoke with 
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pain in his abdomen. Tliis was crninpin); ami inlcnnittcnl and Iwamc progres- 
sively svorse. Vomiting occurred five lo six limes in a perio<l of a few hours. 

On admission the temperature was 96* F., pulse rale was 70 and respirations 
20 per niuuite. Tenderness nas present o\cr the entire alKlomen, most marked 
about the umbilicus and right lower quadrant. No mass « as present. I*al>oratory 
findings revealed 14.8 gm. of hemoglobin; 4,220,000 erythrocytes an<l 10,100 
leukocytes of nhich 84 per cent were neutrophils, 14 per cent lymphocytes and 
2 per cent inonocjies. Sjmiptoms suhside<l n»arko<lly within twelve hours and the 
patient was allowed to go home lo finish the school year. 

Appendectomy w-as pcrfoniicd approximately one month later. Several layers 
of ileum were ndJiercnt to the appendix an«l a portion of a free-lying fccalith was 
found wlicn these loops were freed. 

Examination of the removed appendix rovcaletl suhacutc, recurring appendi- 
citis involving principally the tip, with a diverticulum 1 cm. long covered by an 
inflammatory layer of peritoriemn only, llio diverticulum contained the other 
portion of the fccalith found lying free iii the abdomen. 

Case 2. — The patient, n girl 10 years old, had ex:j>cricnccd nausea and vomiting 
one week prior lo her admission to the hospital, at which time a temperature of 
101* F. was recorded. This fever lasted approximately twelve hours and then 
subsided. Two days later she began to have generalized abdominal pain, and 
because of an upper respiratory infection operation was not advised at that time. 
The pain localized in tlie right lower quadrant within the nc.xt twelve hours and 
increased in intensity; marked nausea and vomiting were associated. 

The patient was admitlc<i to the hospital one week after onset of sj*mptoms at 
which time the temperature was 101 .8* F. Markeil tenderness, muscle spasm In the 
right lower quadrant and a palpable mass were found. Some evidence of dehydra- 
tion w as present. The patient was given fluuls intrav cnously. At operation eight 
days after onset of sj^nploms an appendiceal abscess containing 30 ce. was 
drained. Culture showed gram-negative bacilli. 

Laboratory tests showed 13.2 gm. of hemoglobin*, leukocytes numbered 
14,400 of which 75 per cent were neutrophils, 14 per cent IjTnphocytcs and 11 per 
cent monocj'tes. Examination of urine gave entirely norma! results. 

The patient was dismissed on the tenth hospital day wnth instructions to return 
for interval appendectomy. Exactly three months after the drainage operation 
the patient suddenly became nauseated and complained of pain in the epigas- 
trium and left lower quadrant of the abdomen. For four days pain became more 
severe and finally localized in the right lower quad rant; the pain was accompanied 
by moderate nausea anti voniiling and mihl diarrhea. 

At the time of examination the patient had a temperature of 102* F., with an 
extremely tender mass in the right lower quadrant extending over the midline 
into the left lower quadrant, and marked muscle spasm and rigidity. The 
remainder of the physical examination contributed nothing significant. 

Laboratory tests revealed occasional pus cells in the urine, 13.0 gm. of hemo- 
globin and 21 ,000 leukocjdcs, with a differential count of 88 per cent neutrophils, 
1 per cent eosinophils and 11 per cent lj*mphocytes. 

The diagnosis was a ruptured appendix and pelvic abscess which, at the time 
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of drainage, contained 0 to 8 ounces (180 to 240 cc.) of foul pus. The patient ^as 
dismissed on the eleventh hospital day. 

One month later the patient relumed for interval appendectomy. A draining 
sinus was present at the site of the old scar, and the patient had complained toher 
parents of vague abdominal pam on several occasions during her convalescence 
at home. 

Appendectomy was performed in the usual manner and considerable inflamma- 
tion in the ileocecal region was noted by the surgeon The postoperative course 
was uneventful 

The pathologist reported that the appendix measured 5 cm. by 1 cm. and 
showed subacute appendicitis on a chiwnic appendicitis. The midporlion was 
constricted with an overijnng area of periappendiceal and chronic abscess forma- 
tion at the site of previous rupture Further examination with removal of a small 
amount of necrotic tissue from the involved area rcveoled a small diverticulum 
approximately 5 mm m diameter. Grossly the <livcrttculum w as s cry thin and no 
muscle was Msible. Micro'scopicalli' the findings were those consistent "ith a 
subacute inflammatory process, with scar tissue present at the site of previous 
perforation and absence of the mucos.-! at this site 

SU.MMAIIY 

The literature relevant to diverticula of the nppcmlix, both congenital 
and acquired, has been reviewed. Forty-seven cases of proved ruptured 
appendicitis with abscess were studied to ascertain the clinical and 
pathologic characteristics of false diverticula Tlie incidence of false 
diverticula m previously ruptured appendixes was 74 4 per cent in this 
scries. The average age of the patients who had diverticula was 28.0 
years : the youngest was 2 5 years and the oldest 04 years. The ralio of 
males to females was 3:2. 

In the total of 32 cases m which an appendiceal abscess had been 
drained previously and diverticula w'crc found, the following conditions 
occurred ; in G the appendix mplurcd again with fonnalion of a .'lecond 
abscess within an average of 4 5 monllis Seven patients returned within 
an average of 3 2 months with acute s^Tiiptoins. Including the appendtxcs 
removed at interval operation, 60 per cent of the patients showed either 
pathologic, or both clinical and pathologic evidence of recurrent inflam- 
mation in the appendix within on average of 4.5 months after the drain- 
age operation. 

There were no symptoms wliidi could be referred directly to Uie 
presence of a false diverticulum of tlie appendix per se. After drainage of 
a primary appendiceal abscess, recurrent symptoms appeared to be more 
rapid and fulminating in nature, with secondary rupture occurring in o 
very short space of time. 

The majority of the false diverticula were located along the mesenteric 
border (40 per cent) , and 22.8 per cent were located on the antimescn* 
teric border and the same number on the sides; in 14.4 per cent the site 
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couUl nol be (Iclcmiincd. These false diverticula were found most fre- 
quently (48.6 per cent) in the middle Ihirtl of the appendix; the distal 
third contsunc<l 34.3 per cent, the proximal third 14.3 per cent and the 
site could not be dctcrmine<l in 2.8 ]>er cent. 

Microscopic.iUy the diverticula consisted of mucosa, submucosa, 
fibrous scar tissue and serosa. There was no musculatis present. Inflani- 
inalory changes were present to a varying degree . 

Organic factors which probably gave rise to obstruction of the lumen 
of the appendix and hence increasctl intraluminal pressure, includc<l 
fecalith in 7 eases, obstruction in 2, stricture proximal to diverticula in 
2 and carcinoma in 1 case. A mucocele was noted in 1 ease. 

From this study it was couchidc<l that false diverticula occur after 
perforation of the appendix. They represent an area of weakness in the 
wall o! the appendix and are prone to rc-infeclion. 

Clinically they are important in the production of (1) early perfora- 
tive appendicitis, (2) some eases of psendomyxoma pcrilonaei and (3) 
granuloma fotmatiou in the ileocecal region. Interval appendectomy 
should be performed in all aises of perforative appendicitis which have 
been drained, as soon as the patient’s comlilion warrants this procedure, 
preferably within two to three months. 
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MULTIPLE POLYPS, MULTIPLE INTUSSUSCEPTIONS 
AND CHYLOUS ASCITES 

Report of an Unusual Case 

Joseph Hyde Piiatt and Fhedeihck J. AIcCheady 

In the case whicli fonns the basis of this report, so many unusual 
features were manifested that wc considered it worthy of discussion. 

Two operations, performed on a young adult as emergency measures, 
revealed the following unusual features: (1) acute intussusception of the 
small bowel due to a large adenomatous polyp anil another intussuseep- 
tive process within the first inlussusccplion ; (2) a second large polyp 
of the small bowel as well as diffuse polyposis of the entire colon and a 
third intussusception locatetl in the sigmoid, and (S) acute obstruction 
and chylous ascites which were discovered on reoperation two months 
after successful subtotal colectomy for diffuse polyposis of the colon had 
been performed. Tlie patient made a complete rccovcrj* from these 
complications and has remained well to the lime of tins report. 

REPORT OF CASE 

Anhitc girl, 15 years of age, nas admitted to Uic hospital on January 0, 1048, 
because of acute abdominal pain of twelve hours’ duration. Tlie pain was locatcrl 
in the periumbilical region, was cramplike and associated with persistent vomit- 
ing. Clianges in bond habit had not occurred. Pain and vomiting persisted and 
at the time she was admitted the tentative diagnosis of acute appendicitis was 
made. 

The only significant fact in the patient’s history was that she had been re- 
ferred to the Mayo Clmic when six months of age because of prolapse of a mass 
from the anus. Tlie mass proved to be a single rectal poljp which was subse- 
quently fulgurated. 

On examination the patient appeared to be experiencing a great deal of ab- 
dominal pain. Her general physical condition was good. There was no spasm or 
rigidity of the abdomen. A rather large abdominal mass, about 12 to 15 cm. in 
diameter, was palpated in the tnidabdomen. This mass was soft, moderately 
tender and easily movable. It could also be felt on rectal and vaginal examina- 
tions. Leukocidosis was manifested by a count of 21,500 leukocj'tcs Her tempera- 
ture w as 08.C° F. and results of urinalysis were negative. 

Again a tentative preoperativc diagnosis was made, this lime ol ovarian cyst 
on a twisted pedicle, and the patient was immediately prepared for operation. 
Exploration of Uie abdomen was performed through a low midline incision, A 
large, curved, sausage-shapeil mass, smooth and shiny and covered with perito- 
neum was revealed Ij-ing free in the peritoneal cavity. Further examination 
proved it to be a curved, intussuscepted mass of jejunum 14 inches long with the 
1909 
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con\e\ CTinatiire lying well over the pehic brim. The intussusception was 
slowly rc<hiced by traction anti milking As the bowel was withdrawn from the 
intussuscipicns a second intussusception, C inches long, was found withm the 
first and at the point of the sccoiul one, n large pclj^p was palpable through the 
wall of the bowel. The small Imwel was then completely examinetl and a second 
pclj^p of moilcrafc size was palpated m the jejunum 8 inches distal to the liga- 
ment of Twilz. No other polyps were felt in the small Ixswel or stomach. The 
colon was examined and multiple small polj^is and a few moderately large ones 
were jialpaled within it The Iteginning of a sccontl intussusception was notetl in 
the sigmoid This was about an inch long and was due to a large poljp at this 
point. 'Hie two poljps were excised from the small Imwcl; fresh frozen sections 
showed evidence of low-grade adcnocandnoma (grade 1) m the tips of the poljTis 
The larger poljTi measured G by 4 by 3 cm and the smaller one measured 4 by 2 
b}' 2 cm The intussusception of the sigmoid was likewise re<liiccd but the wall 
of the bow el was not opened Ten grams of siilfathiazolc and 100,000 Oxford units 
of penicillin were mscrteil into the peritoneal eaiity. 

The postoperatne course was uiicienlfiil On the ninth poslojieratlvc day, the 
patient had a proctoscopic cx.sminafion wliicli rci'caled 2 small polyps in the 
lower rectal segment These were rcmoxeilby fnlgnration and she wasdiscliargcil 
on the eleventh postoperative day. In view of the dilTiisc po1j*posis of the entire 
colon the patient was advised to return to the clinic in a month for further surgb 
cal measures 

On Februarj 27, after several days of prc|>aration of the colon with sutfosiixi- 
dine administered orallj , subtotal colectomy and end-to-suic ileoreclosigmoiJos- 
tomy were performed The pathologic report was as follows: “5 cm of terminal 
ilcum, cecum, appendix and 00 cm of colon Tlic (olou shows dilTuso multiple 
^ polyposis, the largest pol^T m the left colon measuring 4 5 cm. in diameter, and 
the second largest m the transverse colon measuring 4 cm. m duVineter, ami the 
third largest in the ascending colon 2 cm in diameter In addition to these, there 
are multiple (approximately twenty) poljps measuring from 3 to 1 cm. The larg- 
est three poljps mentioned show areas of low graiic I ailenocnrciiioma." The pa- 
tient made an excellent rccov’cr> from this operation and within three weeks from 
the time of her operation, she was having only two or three formcil stools a day 
and maintaining her weight. 

She enjoyed perfect health for six weeks after this operation. Then, on April 
1 1, she was readmitted to the hospital l»ccausc of acute crampy abdominal pain 
and V oniiling Sfie dcscniictl the pain as similar to that which slie had had before 
Jicr first operation She Jiatl had a normal bond movement tnxj lioiirs prev loiisly 
and blood was not present in the stool. 

On admission the patient’s temperature was 99 8® F., the pulse rate was 80, 
the rcqiirations 20 and blood pressure 120 mm. of mercury systolic and 80 inm 
diastolic Tlie abdomen was tense but not rigul Tliere were moderate <listention 
and marked tenderness in the midabdomen and it was thought that a small soft 
mass could be palpated in this region TTie leukocyte count was 15,000 and re- 
sults of Urinalysis were negative 

Because of the suspected mass in tlie abdomen aiul a history of imilliplc intui- 
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susccptions, it ^\as thoiiglil llial the patient had a ronirreiil iiitu^snsceplum ami 
therefore immediate operation w as deciilctl ii|Hm 

Laparotomy revealed several loop>of small liowel which wen' sHf-htly dilattsl 
and somewhat ejanotic. The mesentery was e<lemalons and the Incleals were 
noticeably injccte<l, especially in the jejunal area w here the lymph formed milky 
masses. Tliere was approximately 500 cc. of white, milky fluid prc'enl in the peri- 
toneal cavity. This substance was removed by suction and a .specimen was ana- 
lyzed for total fat content. Further investigation di<clo<c<l a thick adhcsi\ c baml 
about \ incli wide which extended from llie midmesentery of the proximal joju- 
iiuni to the serosal surface of the terminal ifeuiti. ThLs b.iml was in/larmxf and it 
had constricted the base of the mesentery of the small Imwcl, somewhat blocking 
the flow of venous blood anjl evidenllj’ almost completely obstructing the flow 
of lymph. On section of this band, the entire .small bow cl promptly became pink, 
llie previously fashioned ilcosigmoidal anastomosis seemed adcejiiatc. 

Analysis of the milky fluid removed from the peritoneal cavity showed a fat 
content of 1,489 mg. of total lipids per 100 cc. which established the diagnosis of 
chylous ascites. The operation was perfomuxl and the ])atient’s convalcstxmcc 
was uneventful. The patient has remaine<l well to the lime this report was written 
three months after operation. 


COMMENT 

Intussusception, xvlien pre.sent m older clnlclren nnd ndults, is almost 
always associatc<l with some organic cause, as a rule a tumor of the wall 
of the bowel, Meckel's diverticulum, gummas, ulcers of dysentery, 
typhoid and tuberculosis, parasites and foreign bodies also have been 
described as the cause of the type of inlussusccplion common to adults. 
This is, of course, In marked contrast to the intussusception of infancy 
and childhood in which a defimte cltologic factor usually cannot be 
predicated. In 17 per cent of Ivankin nnd Newell’s 35 cases of benign 
tumors of the small bow’d, the lesions producctl intussusception and 
intestinal obstruction. Joyce cslimalcd that intussusception complicates 
about 80 per cent of all tumors of the small intestine. 

Adenomatous polyps of the small bowel are uncommon. Bot.sfonl 
and Seibcl in reviewing the clinical and necropsy records of the Peter 
Bent Brigham Hospital found a total of only 65 cases of primary tumors 
of the small bowel from 1913 to 1946. Only 5 of these were adenomatous 
polyps. 

The combination of polyps of the small bowel and diffuse pol^’posis of 
the colon docs occur, although it is unusual. Gerwig and Stone reported 
the case of a patient who liad an acute jejunal intussusception and 
diffuse polyposis of the colon. C. W. Mayo stated that the stomach 
and small intestine were involved at the same time as the colon in about 
5 per cent of the cases of diffuse colonic polyposis. lie cnipbasizcd that 




PUOUPSE OF THE KECTUM IN INFANCY AND 
CHIIJ)HOOD 


Rai'mond J. .Tackmax and Edwaud E. Cannon 

Tlie i)urpose of this study was to dctcniiino the prognostic significance 
of prolapse of llio rccljun in infants jukI children, Iluie 1ms cinphasizcil 
the fact that, although rectal prolapse may generally lie considered an 
ufiliclion of cliildhood and old age, it ocairs in all age groups. Our chief 
aim was to study whether u rectal proln]»se in childhood might continue 
to he a clinical prohlcm in adult life and whctlmr the therapeutic meas- 
ures uuUcalctl for this coudtliou could lie delcrniintxl more clearly. 
Classification of the various ty|>cs of rectal protrusion can he complex 
and confusing Bacon distinguislicil the terms “prolapse” and “proci- 
dentia,” He considcretl the former ns a ilownwanl displacement of 
mucous membrane alone, and the lallcr as u downwanl (Usplnccment of 
all the coats of the rectum. For the sake of simplicity, we i>rcfcr to use 
the term “prolapse” in its hroailesl sense, making only an occasional 
distinction hcts^'cen “mucosal prolapse” and “complete prolapse.” 

ETIOLOGY 

It is generally accepted that the anatomy of the pelvis and the rectum 
of the infant predispose to rectal prolapse. As summarized by Daniels, 
the shape of the pelvic bones, the flatness of the sacrum, the straight- 
ness of the rectum and the weakness of the lateral ligaments are factors 
which can readily pennit prolnision of the bowel. Corbett stated that 
prolapse is an exaggeration of normal eversion of mucous membrane, 
Many authors, among them Alexander, Fraser, Gama and Norhury, 
have emphasized the fact that if there is inaldevelopment or atony of 
tile external anal sphincter, the likelihood of prolapse is enhanced. Alum- 
merj’, in a search for the causative factors in 50 cases of prolapse in 
children emphasized the significance of malnutrition, because of the 
resultant loss of perirectal fat. AViklandcr considered unfavorable social 
conditions as a contributory factor in many of the cases lie has studied. 

Jfoschcowitz is responsible for the widespread acceptance of the 
theory that a complete prolapse of the rectum is in reality a sliding hernia 
through the pelvic fascia. Pemberton and Stalker, in considering surgical 
therapy, concluded that an abnonnal, loosely attached rectum is a most 
important predisposing factor. 

The exciting causes of rectal prolapse are necessarily numerous. Any- 
thing uhich increases intra-abdominal pressure can be blamed for causing 
ISIS 
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the bowel to protrude Straining may be the sequel of respiratory, uri- 
nary, or gnstro-inlcstmal disease. 

AGE INCIDENCE OF HECTAL PROLAPSE IN CHILDREN 
The case records of 09 patients less Hum 15 yc.irs of age, who had 
rectal prolapse were studied. These patients were seen at the Mayo 
Clinic in the thirty years from 1918 Uirough 1917 Of this group, 38 were 
males and 31 were females. Prolapse of the rectum had occurred when 
the patients were les? than 3 years of age in a majority of these cases 
(table 1) 


TABI.E I 

Aoe at Onset or Phoeafee or tii» ItfcruM 


Age at Onset Csises 

Less than G mo .10 

6 to 12 mo 13 

I to 3 yr 30 

4 to 6 yr 7 

7 to 9 yr 2 

10 to 15 yr _7 

Total 09 


CLINICAL FEATURES 

It was difRcult to evaluate the seventy of rectal jirolapse in these C9 
children In some cases the history given by the parents indicated that 
the degree of protrusion was greater than could be observed on admission 
In the vast majority of cases, the protnision was .slight or moderate in 
tlegree and no more than 1 or 2 cm. of rectal mucosa was everted with 
each bowel movement These prolapses would cither recode spontane- 
ously or reduce easily with gentle manipulation. In 13 cases (about 20 
per cent) more than 4 cm. of mucosa prolrudetl and It frequently wjis 
somewhat difficult to replace In the severer c«iscs the anal musculature 
was either poorly developed or the lone of the anal sphincter was less 
than normal. 

Bleeding from the rectum which was not«I in S4 cases (36 j)cr cent) 
was usually slight The amount or frc<iucncy of bleeding was usually in 
proportion to the seventy of the protrusion. A history of constipation was 
obtained in 14 cases (20 per cent) and a history of diarrhea m 11 cases 
(16 per cent). These changes in bowel habit, how’ever, could not be 
proved to be causative factors for the prolapse A history of excessive 
straining while the child is on the toilet seal or the tale of a difficult 

battle over toilet training is probably *■* I! r‘ * '■'* 1 ^ 

factor. Pain was rarely noted, and the I <■ n •‘.•i:"' <i' 'f' 

trudetl mass was difficult. Proctoscop.c — .t -i*' . f ' ■ • • ■* . 
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usually rcvcalc<l complete absence of other rectal disease. One child, 
aged 11 years, who had only a .slight mucosal prolapse, sijfTercd from 
anorectal ulcerations and polyps of the rectum ; in lliis ease the prolapse 
was a secondary problem. Another patient, 11 years of age, possessed 
small internal hemorrhoids. 


DISEASES ASSOCIATED WITH RECTAL PROLAPSE IN CHILDHOOD 

Associated conditions were diagnosc<l in many ol liie D9 cases ol pro- 
lap.se. The diagnoses arc listed in table 2, Some of these obviously Mere 
the chief medical problems in the eases concerned. The simple listing of 


TAULi: 2 

Associated Conditio.vs in Cases or Rectal Pkoiapse amovo Cuildiien 


Diagnosis 

Exstrophy of urinary bladder 

Mental rctard.ation 

Malnutrition 

Congenital heart disease 

Inguinal hernia 

Celiac disease 

Phimosis 

Spina blBda 

Epilepsy. . 

Convulsions (cause undetermined) 

Pm worms 

Cretinism 

Megacolon 

Rheumatic heart disease 
Hay fever 

Precocious menstruation 
PycloGj-stitis 
Congenital urinary atony 
■Whooping cough ^\ith pneumonia 
Diabetes 

Anorect.al ulceration 
Rectal polj’ps 
Total . 


Cases 

S 

8 

3 


2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

_1 

■18 


these diseases gives some evidence lhat prolapse of the rectum is fre- 
quently found linked with other signs of constitutional inadequacy. It 
should be noted that although about 10 per cent of these children were 
undernourished, the remainder were usually in good physical condition. 

TREATMENT 

It is not the purpose of this study to discuss and recommend thera' 
peutic measures in detail. Many therapeutic measures are recommended 
in the literature and excellent results are claimed for such procedures as 
submucosal or perirectal injections, cauterization and various types of 
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swrgicftl promhircs. It Iir<! been the poH<^' of the mcmliers of the Section 
on Pctliatrics of the Slayo Clinic to treat prohipso of the rectum in in- 
fants and small children conservatively. Hic usual proprain of consers a- 
live therapy consists of ilietniy maiiaf;cinent, with the use of mild Ia\j|. 
lives, such as milk of magnesia as neetic<i, to facilitate defecation and 
prevent straining at stool A toilet seal with n small opening nliich com- 
presses the child’s buttocks »s advocnlctl and parents arc instnictw! to 
rcilncc the prolapse proinptli' when it occurs Oceasionallj it may he 
ncccssarj- to strap the but locks for n short period, 

Iladical measures have licen resorted to in only a few cases, an<l then 
only if the child had market! complete prolapse In these cases an a!nloin- 
inal operation of the Moschcowitr or the IVmbcrloii type has been llic 
procwlurc of choice In 1 case perirectal injections of 5 per cent sohitJon 
of so»lium psyUiale gsi\e a gooil result 

FOLLOW -UT STUDIES 

Since most of the patients seen at the clmic had been trciilo<lcon«ersu- 
tis’cly, we attomptetl to follow them up with the ihial purjwse ofdctcr- 
mining the prognosis of rectal prolapse in children, and rc-cvaluatingoiir 
therapeutic approach to the problem. 

Follow-up data m 40 of the 6!) cases of recta) prolapse are presented in 
table 3 Only cases in wlucli the comhtion of tlic prolapse couhl lie fol- 
lowe<l for two or more years were included. 'J’hc information was oli- 
lained from suhseciucnt evanmialions at the c/inic or by (he answers to 
questionnaires sent to the patients who had Jh-cii to llic clinic as eliihlreii 
and did not subsequent^ rctuni Tlic age rccordcil in cases in wliicli llic 
prolapse underwent remission is that given ly tlie patient as llic first 
year m which there was no further protrusion. Olhcrs\isc the i)!iic»l 
known age at which the tndivulual did or dal not hase a proI.i|)se is 
recordwl 

Jn a few mstanecs (eases J, 2 and ’Ij the prolapse was ei'iile/U in ihr 
first months of life and may Ih* assumed to lie congenital in nature 'I he 
association with other congenital defects, such as spina bifal.i and esstro- 
phy of the bladder w.is c% idcnl Tlie gravity of the therapeutic prohh in 
inioU'ed in cases of evstrojiliy relegates the rectal prolapse to a posilnm 
of minor importance 

Twenty-five patients whose age of onset was between siv months and 
tlirt“e years were treattsl conscn-afivcly and after varialilc pinuds i>f 
lime, prolapse ceased to occur It is interesting to note that spi>nta»e<«!s 
remission usually occurreil sometime before or during the sixth ,'car of 
hfc. Once the condition is outgrow’n, we haxe no evidence that it wdl 
tecur in later childhood or adult life. 

Case 15 in which prolajise began at Uic age of 1 jear, illustrates the 
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fact, however, that instead of subsiding, the condition may become in- 
creasingly severe. In this instance Ibe child underwent a Moschcowitz 
operation at the clinic at the age of 11 years, but the prolapse recurred 
when he was 13 years old. It was treated surgically ehscwhcrc when he 
was 19 years of age. 

The prognosis for children whose syinj»toms of protrusion first ap- 
peared after they were 4 years old was gloomier. In only 1 case (case 34) 
was conservative therapy successful. In all the other cases the prolapse 
persisted. These older children had prolapses which were complete in 
type. Although surgical treatment was advised for most of the older 
children, it was performed in only 1 case (case 38). 

Since prolapse of the rectum of 5 of these 40 patients persisted until 
they were beyond the age of 17 years, it may be cstimate<l that in at 
least 10 per cent of cases occurring in childhood the prolapse of the 
rectum will continue into adulthood. 


TABLE 4 

Aoe at Time op Exaiuxation and at Onset op Uectal PnoL^rsE js* 100 Cases 
AUONO Adults 

Age, yp- Patients 

At examination 

20-40 34 

41-60 . 48 

61-SO .18 


At Onset 

Childhood 

10-20 

21-40 

41-60 

61-SO 


14 

16 

31 

21 

13 


AGE OF ONSET OF RECTAL PROLAPSE IN ADULT PATIENTS 


Since it is evident that in some cases rectal prolapse 'vv'ill persist from 
childhood into adult life, an attempt was made to corroborate the evi- 
dence obtained from the cases of children with further study of case rec- 
ords of adult patients who had rectal prolapse. One hundred consecutive 
cases of adult's were selected wlio, at the time of their first examination 
were more than 20 years of age, and who had a demonstrable complete 
prolapse of the rectum. Fifty-one of these patients were women and 49 
were men. Their ages at the lime of examination are given in table 4. 

By examining the records to determine the duration of symptoms and 
the approximate age at onset of symptoms, it was found that many of 
these patients had suffered from prolapse for many years before examina- 
tion or treatment. The age at onset in these same cases is given in table 
4 also. 

As would be expected, few of these patients could give the exact age 
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at which prolapse was first iioliccd, but several of the 14 patients thought 
that the trouble began around the age of 4 years. Without being dog- 
matic about percentages it was apparent that a substantial number of 
the rectal prolapses seen in adults began at an early age. 

SUMMAHY 

Study of GO cases of prolapse of the rectum among children disclosed 
that prolapse of the rectum may occur at any age from birth on, and 
continue into adult life, llougbly, in at least 10 per cent of all cases, the 
rectal prolapse may persist beyond childhood. 

One hundred consecutive cases of complete rectal prolapse among 
adults were studied also. The reconls of 14 of these 100 indicated that 
the trouble began sometime during childhood. 

Our studies indicate that the great majority of infants from the ages 
of G months through 3 years who have rectal prolapse vsnll respond to 
conservative therapy In these cases prolapse seldom continues after 
the age of six. ^^'hen rectal prolapse occurs in children older than five 
5 ears, it is usually of the complete type and shoulil be treated os in adult 
cases 


nBFEItENCBS 

1 •• ’ ^ ^ ry..%. .. I W... «Ua T\<r«rM..a \r««Kn>l 


4 Corliett.J J Prolapse of tbc Rectum in Children. Tr. Am Proct Soc 

131,1929 

5 Daniels, E A Rectal Disorders in Childhood. Am J. Dis Child. 54 573-5S9 

(Sept ) 1937. 

6 Fraser, Ian Prolapse of the Rectum in Children Brit. M. J 7*1017 (June 7) 

1930 

7. Gama, Durval Prolapse of the Anorectal Mucosa in Children JAMA 
100 354 (Feb 4) 1933. 

8 Moschcowitz, A V ’ The Pathogenesis, Anatomy, and Cure of Prolapse of 
the Rectum Surg,Qynec JtObat. 75 7-21 (July) 1912. 

9. Mummery, P L Prolapse of the Rectum in Children, with Fifty Cases 
Brit M J. g 812-813 (Sept 28) 1907. 

10 Norbury, L E C The Treatment of Prolapse of the Rectum in Children. 
Practitioner. 7f5.90-96 (July) 1930. „ 


12 



MULTIPLE PRIMARY TUMORS OF THE SPINAL CORD 
Report of Case 


Hendrik J. Svien, John D. Camp and Alfred W, Adson 

Dr. Svien: The purpose of this paper is to report the case of a paticul 
who has had three priinari’ neoplasms of the spinal coni removeil suc- 
cessfully. 


REPORT OP CASE 

The patient, a while marrie<l woman, 29 years of age, first registered at tlie 
Clinic on March 29, 1935. Her presenting complaint was difliailty in walking for 
three years. Prior to the onset of this corapLaint she had cnjoyctl goo<l health. 
Her family historj’ was noncontrihulorj'. Tlirec years prior to admission she had 
had an attack of acute tonsillitis. Following this attack she noticed some swelling 
of the ankles and stillness of the knees Some weeks later she first noticed that she 
stumbled easily if she did not observe her feet when she walked. Intermittent sen- 
sations of numbness, tingling and prickling were present in her feet and w ere most 
pronounced in the right foot. Acuity of touch and of temperature discrimination 
were dinunished on the lower part of the trunk and both lower extremities. 
Sev'eral weeks alter the onset of these sensory symptoms, she noticed progressive 
weakness of both legs, which was more marked on the right side. For two years 
prior to admission she had had occasional urgency of urination and urinary and 
rectal incontinence. For one year prior to admission she had had episodes of sharp 
shooting pain in her legs which were more severe in the right leg. For six months 
prior to admission, ierking movements had occurred occasionally in her legs. 

Examination revealed a fusiform mass in the right superior carotid triangle 
beneath the sternomastoid muscle. The mass measured 5 by 10 cm. and moved 
with the larynx on swallowing. 

Neurologic examination revealed bilateral spastic paraplegia; the spasticity 
was more pronounced on the right side than on the left. Muscle strength in the 
right leg was graded —3 and in the left leg —I, on the grading basis of —1 to 
—4. Vibration sense and joint sense were markedly diminished, from the level of 
the fifth thoracic dermatome downward. Sensations of pain and touch were mwl- 
erately diminished in this same region. The deep tendon reflexes were exaggcraterl 
in the lower extremities. The abdominal reflexes were absent. The tone ol the anal 
sphincter was decreased. Kernig’s and Lasegue’s signs- were positive. 

Spinal puncture was performed. The initial pressure of spinal fluid was 12 cm. 
of spinal fluid. On bilateral jugular compression, the pressure rose to 36 cm 
Within the next ten seconds it fell to 34 cm and remained there for the next ten 
seconds. These findings indicated the presence of a subarachnoid block. The 
spinal fluid was xanthochromic. Analysis revealed a total protein content of 280 
mg. per 100 cc. with 3 Ij’mphocj'tcs per high-power field. A diagnosis was made of 
tumor of the spinal cord at the level of the fourth and fifth thoracic vertebrae. 

122S 
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The patient was informed of the presence of the two surgical lesions In view of 
the marked e% Idcncc of involvement of the spinal cord, she was advised to have 
the tumor of the spinal cord removed first and then later, <lurmg convalescence, 
to have the mass in the neck removed 

Accordingly on April 5, 1935, with the patient under intratracheal nitrous 
o\i<le, carbon dioxide, oxygen and ether ancstlicsia, laminectomy was done at the 
level of the fourth and fifth thoracic vertebrae. IMicn the dura nas opened, a 
mass, measuring 2 cm. m length and 15cm m its transverse aspect, was ex- 
posed It was attached to the dorsolateral aspect of the dura on the left side The 
cord adjacent to tlio tumor n as compressed to about ta o-thirds normal size, hut 
otheraise appeared normal Grossly the tumor was diagnosed os a meningioma 
Tlie involved dura a as cxcisetl together ailli the tumor mass Tlie defect in the 





Fig 453— Intradural, extramedullar) meningioma of the spinal cord removed 
10 1935 

dura a as closed with animal membrane microscopic examination confirmeil the 
diagnosis of meningioma (figs 453 and 454) 

Post operatively the patient’s course was imcvenlful. On the cightli postop- 
erative day, the tumor in the right side of the neck a’as removed It a’as attached 
to the superior sympatiietic gan^ion. Microscopic study rcveaiedMie tufnm to be 
a neurofibroma 

Neurologic examination at the time of dbmissol revealed considerable im- 
provement in the motor power of the lower extremities and some improvement m 
the sensory sphere also. 

The patient returned to her home and improved rapidly. Seven months after 
removal of the tumor of the spinal cord, she wrote that she walked almost nor- 
mally and that she was able to do her own housework. She continued to improve 
steadily and enjoyed a normal, lull existence for the next twelve years During 
this period, she was delivered, uncv’cntfully of two normal infants, the first in 


MULTIPLE PRIMARY TUMORS OF SPINAL CORD 

1939, and tbe second in 1944. Slie also underwent an operation for uterine sus- 
pension, mtliout incident, in 1939. 

On October 5, 19 18, the patient registered at the Clinic. She stated tliat in 1943 
she first noticed intermittent bilateral tinnitus and some degree of deafness in the 
left ear. In July. 1947, she first e.rpcrienced stiffness in her neck on arising in tlie 
morning. The onset of this symptom was followed by numbness in her right hand. 
The stiffness of the neck increased and was associated with pain. The pain be- 
came progressively worse and spread to involve the occipital region and both 
shouJdens. This paisi was initialed or a|jgravatod l»y lying dowii, and nas somc- 






Fig. 451 — Psammomntous'iheningioroa; section from tumor shown in figure 
453 (hematoxylin and eosin.X150}. 


what relieved by assuming the upright position. In itlarch, 1948, seven montlis 
prior to her second admission, she noticed a sensation of numbness in both legs. 
At this time also she began to experience some difficulty in walking; this consisted 
chiefly of stumbling. She also experienced Intermittent cramping in the right leg. 
In September, 1948, one month prior to her second admission to the Cljnic she 
began to have some difficulty in starling unnation. 

From the evidence obtained at the second examination, and from the findings 
on the previous visit, a diagnosis was made of von Recklinghausen’s disease with 
multiple lesions of the central nervous system. 

Several subcutaneous nodules were present at various places over the body. 
Neurologic examination suggested the presence of at least two lesions of the cqd- 
Iral ner\-ous system: (1) a tumor of the left cerebellopontine angle, and (2) a lesion 
of the spinal cord in the cervical region. 
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The corneal reflex on the left was dimmished (~1). The degree of variation 
from normal is mdicateil by a 1>asia of 1 to 4, tlie — sign indicates reduction and 
4- sign an increase Auditory acinlj’ on the left was markedly diminished Motor 
power in the right shoulder, arm and hand, from the level of the supraspinatus 
muscle down was slightly reduced C— 1) The deep tendon reflexes were equal, but 
were somewhat hyperactisc (+3) Tlic Bahinski sign was present bilaterally. 
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Fig 455— Myelographic findings with radiopaque oil in 1943 a, Complete 
subarachnoid block is present at level of fourth cervical vertebra b, Partial block 
IS present at level of interspace between first and second lumbar vertebrae 

The abdominal reflexes were absent on the left and markedly diminished on the 
right In both hands touch perception was diminished, diminution of —2 was 
present on the right and — lontlicleft Joint sense was also diminished — 2inthe 
fingers of the right hand In both lower extremities, from the level of the knee 
joint down, touch and perception of pain were diminished somewhat ( —1). ^ i- 
hralory and joint sense were markedly diminislied (—3), bilaterally in these same 
regions Her gait was spastic (+2) and ataxic (+2). 
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HocntgPiiofirapluc cxamlnalion of Ihe cemcoUioracic portion of the spinal 
column revealed notlung of sisnifieaiice except for the defect due to the previous 
laminectomy. Hoentgenograras of the skull and the special vieivs for the internal 
acoustic meatuses (Slenvcr’s position) were not contributory. 

Jfyelography n-itli iodiretl oil was cniTio<l out. Tlje initial pressure of spinal 
fluid was 16 cm. of spinal fluid. When bilateral jugular compression was main- 
tained for ten seconds, the column of spinal fluiil rose to 05 cm. During the next 
ten seconds, it fell to 45 cm. and during the following ten seconds, it fell to 34 cm. 
Those findings indicatcil n partial subaraclmoid block. Fi%-c c\d>ic centimeters of 
iodized oil was then intrwluced into the spinal suliarachnoiil space. Roentgeno- 
scopic examination revealed a complete block to the ccplialad flow at llie level of 
the fourth cervical vertebra. The filling defect was topical of that produced by 
an intradural, exlramcdullarj' mass. In addition to this finding, anollicr lesion, 
which had not l>oen suspected from the cliniea} findings, n as uncovered by myo- 
lograpliy. The cephalad flow of iodized oil was partially arrestcrl at the level of 
the interspace between the first and secoml lumbar vertebrae. Tlic defect at this 
level was also Ijpical of an intradural, extramedullary lesion (fig, 455, a and b). 

Removal of the tumors of the spinal coitl was advised, The patient also was 
told of tlie possibility of a tumor of the ocrcbelloponlinc angle on the left. Inas- 
much as tlie sjmptoms and signs referable to the ccreliellopontinc angle were 
minimal, decision regarding further intesligation and possible operation for this 
lesion was deferred until later. 

Accordingly, on October 10, 1948, laminectomy of the tliird, fourtJi, and fifth 
cervical vertebrae was carriecl out. An intradural, e.Tlramcdullary tumor arose 
from the anterior root of the fifth cen'ical ner\'c on the left, but presented on, the 
right anterolateral aspect of tlic cord. The tumor which measured 1 ctn. in diame- 
ter had compressed the adjacent spinal cord to half its normal size. The tumor 
was completely removed and proved on microscopic e.xamination to be a neuro- 
fibroma (figs, 450 and 457). 

TJie patient’s convalescence following this procedure was uneventful. Twelve 
days /oliowing cervical faminectomy, lumbar laminectomy centered over the 
interspace between the first and second lumbar vertebrae was carrietl out. A 
tumor nhich was attached to the posterior root of tlie fourth lumbar nerve on the 
right was found. It measured 1.5 cm. in diameter. This tumor was cxtirpatetl, 
and on microscopic examination proved to be a neurofibroma. 

Results of neurologic examination on November 17, 1918, one day J>e/ore 
dismissal from the hospital, were essentially the same as the preoperative exami- 
nation. The pain wliich Iiad been present in the cerN’ical region on admission hail 
disappeared. In a letter written two and a half months after dismissal, the patient 
stated that she was able to do most of her housework, and that she no longer had 
urinary incontmence or bladder difficulty. 

Multiple pilvuaty tumor, of the spina! cord and its jneninges .are rare, 
and until the introduction of myelograplij- were usUitlly found acci- 
dentally at necropsy. They are most frequently found in association with 
eert.rin conditions which chitracteristically present other abnormalities 
or stigmas. In von Reclilinghausen’s disease, multiple neurofibromas 
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Fir 456— Intradural. c\tratn<HlullAry tumor of the spinal cord removed from 
cervical region in 194^ 



Fig 457— Neurofibroma, section from tumor abown in figure 450 (hcmatoxjlm 
and cosin XJ25) 

alone may be present in the spinal cord, or various combinations of 
neuroSbroma, meningioma and glioma may be present. In Lindaus 
disease, multiple bcmangioblastomas arc occasionally found in the .«ptna 
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cord. Multiple ependymomas have been describctl, frequently in associa- 
tion T\ilh syringomyelia. Multiple meningiomas have been reported; 
in the case of Alarincsco and Goldstein they were associatc<l with mul- 
tiple inlrametlullarT,’ ependymomas. To a miscellaneous group may be 
added the multiple lipomas of the spinal cord wUicli arc usually extra- 
dural, the multiple spinal osteomas, and the multiple dermoid cysts of 
the sjnnal cord and meninges. 

Our surgical cases of multiple primarj' tumors of the cord, and tliose 
reported in the literature can be divided into two groups: 1. Ilioso in 
which the multiple tumors arc aggregated closely at the same level of 
the spinal cord. Examples of this group arc the eases in which a single 
nerve root harbors several neuroBbronias. Clinically these multiple 
lesions produce signs and sjTnptoms which arc indistinguishable from 
those produced by a single lesion. Only by the aid of contrast myelog- 
raphy can the multiple nature of sudi lesions be detcrminetl pre- 
operatively. 2. Those cases in which the multiple tumors arc present at 
distinctly different levels of the spinal cord. Our case is illustrative of 
this group. The tumor at the higher level of Oie spinal cord will generally 
produce clinical signs and symptoms which mask those which arc pro- 
duced by the tumor at lower levels of the spinal cord. In other instances 
the multiple new growths may produce a clinical picture suggestive of a 
disseminated lesion of the spinal cord, sudi ns multiple sclerosis. Here, 
again, contrast myelography is of invaluable aid in revealing the true 
nature of the disturbance. 

Three salient points stood out from the revnew of this case. 1. Multiple 
tumors of the spinal cord, although rare, do occur. It behooves physicians 
who deal with lesions of the spinal coitl to be constantly mindful of this 
fact, and to be ever suspicious of the possibility of the presence of mul- 
tiple tumors. 2. A patient who has muUiplc tumors of the spinal cord 
can be successfully treated and restored to normal living by judicious 
surgical procedures. 3. Contrast myelography is an invaluable aid in 
the diagnosis of multiple tumors of the spinal cord. 

DISCUSSION 

Bb. Camp : The ability to recognize multiple tumors of the spinal cord 
before operation is just one of the contributions of myelography to the 
modern precise location o! neurologic lesions. In 1930 when I first re- 
ported my experience with multiple tumors of the spinal cord, it was 
found that 4 per cent of tumors that were localized by myelography 
were diagnosed as multiple tumors by Uie radiologist and in all cases 
llie diagnosis, was confirmed at surgerj'. 
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Tor roentgenologic consideration multiple tumors of tlic spinal cord 
may be classified as follows: 

I. Multiple tumors arising fn>m the same nerve 

A. Neurofibromas 

B. Neurofibromatosis 

II. Multiple discrete unrelalwl tiimurs 

III. I’rotrudctl disk and tumor 

IV. Multiple prolrudcil disks 

Multiple Tumors Arising From the Same Xerve.— The classical ex- 
ample of this tumor is the ncurofibroniu which may be rcvcalcil as two 
or more nodules arising from various pouita along llie same nerve root. 
Some of these nodules may be intradural, others extradural, and some 
of the extradural nodules may exon extrude through the intervertebral 
foramina. The defect ob.servcil in the myelogram will depend on the 
size and position of the tumors. 

In neurofibromatosis there is a coinbinalion of multiple tumors of 
numerous nerve groups which result in a multiplicity of defects m the 
myelogram. 

Multiple Discrete Unrelated Tumors.— The most common tumors in 
this group are the tnuUijile meningiomas whicli arise iiwlepeiulenlb' in 
various regions of the spinal canal and multiple ncurorihronms. The 
latter, although they may be a part of the gcneralizeil condition of neuro- 
fibromatosis, in this instance grow as a single discrete tunior of x’arious 
nerve roots. The case prcsenlcil liorciii is an example of tumors of this 
type. 

Protruded Intervertebral Disk and Intraspinal Tumor.— Caxcs in this 
group are those in which one or the other lesion, usually a protruded disk, 
is suspected, and both conditions arc found to be present by myelog- 
raphy In all cases of this group in which we have made observations at 
the Clime the lesions were separated from each other by two or more seg- 
ments It is in this group that myelography is of great value because a 
tumor in the upper part of the lumbar, and occasionally in the lower part 
of the thoracic, region may give rise to symptoms that imitate those re- 
sulting from a protrudeil intervertebral disk in the lower part of the 
lumbar region. This group also illustrates the importance of using an 
lulequate amount of contrast inetlium (6 to C cc.) and carrying the 
myelographic study at least to the level of the eighth thoracic vertebra 
in all eases in which a protruded lumbar intervertebral disk is suspecteil 
or found. 

Multiple Protruded Intervertebral DisKs.—In about 18 per cent of all 
eases of jirotmded interv’ertebrnl disks these lesions are multiple Mye 
raphy is the only practical tnetliod by which they may be diagnos 
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and accurately localized prior to operation. They may involve contiguous 
intervertebral spaces or scattered intervertebral spaces. In one instance 
that we have observed the prolrii(lo<l intervertebral disk between the 
third and fourth lumbar vertebrae presented on the left side and a 
second protrudc<l intervertebral disk at the lumbosacral junction pre- 
sented on the right side. Both of these protrusions were confirmcil at 
operation. It is obvious that unless the presence of multiple protruded 
intervertebral disks is recognized prior to .surgery, a liinitc<l laminectomy 
may not reveal the multiple protrusions. Under such circumstances the 
postoperative result may not be all that is desireil. 

The mere fact that multiple tumors may exist within the spinal canal 
would seem reason enough to discourage the use of small, inadequate 
amounts of contrast media and limited fluoroscopic investigations. If 
there is evidence enough to justify tlic use of myclographj’ certainly 
sufficient media and a fluoroscopic investigation comprehensive enough 
to insure the highest efficiency of the examination are indicated. The 
case presented by Dr. Svicn clearly supports this attitude. 

Dn. Adson : In view of the fact that this patient has had several neuro- 
fibromas I presume that her disease should bo classified as von Ileckling- 
Imusen’s disease. There arc, however, two unusual findings in her case. 
Tlic first is that one of the inlraspinal tumors was proved to be a menin- 
gioma. The second is that the inlraspinal neurofibromas are associated 
with only one obvious neurofibroma of a peripheral nerve. In all 
probability, another tumor is developing in an acoustic nerve. 

Two lessons may be learned from a stiuly of tins case. The first is 
that tlie symptoms produced by the tumor situated at the higbesL level 
maj* obscure those produced by the tumor or tumors at lower levels. 
In this particular Ciase, the myelographic study revealed the two intra- 
spinal tumors. The second lesson is that wlien a neurofibroma of the 
spinal canal has been found, there is always a possibility that oliicrs may 
exist even though they occur but rarely. Dumb-bell neurofibromas occur 
rather frequently. When they develop one portion is situated within the 
spinal canal and the other on the outside of the spinal column. The two 
portions are connected by a cord of tumor tissue witliin the spinal nerve 
as it passes through the interv'erlebral foramen. 
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LIPOMA OP THE COLON 

Gabe C. Loko, Malcoui B. Dockeuty, and John M. ^YAUG^ 

Lipomas of the gastro-inleslinal trad were formerly looked upon by 
many investigators as being pathologic curiosities of little importance, 
and consequently in most standawl Icvtbooks of mc<licinc and sxirgcry 
one finds verj* few paragraphs dcvoletl to this subject. Because of this 
undeserved obscurity and the atypical clinical picture winch these tumors 
produce, the preoperative diagnosis is sehloin made and the treatment 
instituted is not always the most desirable. It is now recognized that 
thej’ occur frequently enough to be considercil in the dilTcrcntial diag- 
nosis of inlraabdominal tumors an<l in the establishing of a positive 
causative factor not only in certain common intestinal conditions, such 
as intestinal obstruction and intnssusceplion, but also in obscure in- 
testinal disorders productive of blce<Hng. Lipomas, if adenomas arc 
e-vcluded, are the most common benign tumors of the colon. 

HISTORICAL DATA 

As early as 1757, in his “Epislola dc Mois Intcslinorum,” Bauer re- 
corded accounts of intestinal lipomas. Comfort cited Cruveilhier as one 
of the first to mention the existence of lipomas of the gastro-intestinal 
tract. Hiller in 1899 made one of the first studies on these lipomas at 
which time he revnewed 23 cases. A number of accounts of lipomas of the 
colon are found in the literature, notably those of Stetten in 1909, Odel- 
berg in 1921, Tliorek in 1923, King in 1917, Wakeley and Paul in 1931, 
Comfort in 1931, Poston in 1931, Kirshbaum in 1935, Pemberton and 
McCormack in 1937, Gault and Kaplan in 1911, and Schottenfeld in 
1943. Three or four of these reviews were comprehensive and are de- 
serving of more than passing notice, 

Stetten in 1909 found reports of 72 cases of gastro-intestinal lipoma, of 
which 32 were lipoma of the colon. Comfort in 1931 reviewed the subse- 
quent literature and referred to 28 additional cases, including 3 surgical 
and 25 necropsy cases, making a total of 181 cases. Of these, 92 were 
cases of lipoma of the colon, 65 of tlie small bowel and 22 of the stomach. 
He emphasized the tendency of these tumors to cause intussusception. 

By 1934, Poston was able to assemble reports of 242 cases of gastro- 
intestinal lipoma. Pemberton and McCormack in 1937, in their compre- 
hensive review of lipoma of the colon, reported 3 “clinical” cases, bring- 
ing the total of clinical cases to 97, and said that the lipoma had been 
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thickness The submucosal growths arc covcre<l by the mucosa and 
occasionally by the inuscularis mucosae while the subscrous variety 
lies directly under the peritoneum. In each case, the covering consti- 
tutes the area of least resistance, as the underlying muscular layer 
forces the grow th towanl the intestinal lumen or the lumen of the peri- 





Fig -loS— Poduncul.itGd intussusccpting; submucous lipoma of tho ascending 
colon showing p.irtial necrosis »nd superficial ulceration 


toneal cavity respectively. The submucosal polypoid or pedunculated 
growth usually originates as a small infolding of mucosa occurring about 
a small cluster of fat cells, or as a minute lipoma which herniates be- 
tween the infoldmgs. The passing intestinal content forms a constant 
force which, with the jieristaltic wave, pulls anil draws on the base until 
the pedicle is formed. The pedicle may sTtiy from a thick cord to a tiny 
thread with a short stubby base or one with n base that is many centi- 
meters in width They are firm, clastic, rounded and usually mulli- 
loculated growths which are frequently covered by a visible fibrous con- 
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nectivc tissue capsule from which arise septa of varying thickness that 
divide them into lobules. If the connective tissue prc<lomiuates in the 
tumor, it is tcrmctl a “fibroHpoma.” The outer surface is frequently 
ulcerated and the underl\nng tissue re<ldcnc<l as a result of infarction 
and secondary inflammatory change. The consistency of the cut surface 
is that of normal fatty tissue, but secondary changes of inflammation or 
fibrosis may alter it. Constriction of the pedicle may produce spon- 
taneous atrophy or cause spontaneous expulsion from the bowel. The 
usual color is that of normal fatty tissue; xanthomatous changes may 
yield an orange-yellow tint, anil various other secondary processes may 
give corresponding spectral alterutious. 

The chief sites of origin in the present series were ceenm, sigmoid 
flexure and hepatic flexure in the onlcr named. In Pemberton and Mc- 
Cormack’s review of the literature they found 50 tumors that arose in 
the right half of the colon, 15 in the transverse colon and 37 in the left 

T.VBLK 1 

Gross Patuolocic Fkatures op Lipoma or the Colon- 


Cases 

SUe, cm. .. .. .. ' . .... 1 

Submucous 31 

Subserous 2 

PcduneuL-itcd 31 

Sessile 2 

Intussusception . 10 

Ulceration .. 20 


half of the colon and the rectum. The size of the tumors varied from 1 
to 9 cm. in diameter and the shape varied with the size of the tumor and 
the type of attachment. 

The gross pathologic features arc noted in table 1. The mucosa may 
retain its normal yellowish appearance or vary from normal to a reddish 
black or even black. It may be thin and atrophic, ulcerated or even 
necrotic. There were 31 tumors of tlic submucosal variety, 5 of these 
having a normal healthy yellowish mucosa, 15 having a dark discolora- 
tion of the dome and 20 showing ulcerations. There were only 2 cases of 
the subserosal variety, in both of whicli tlie symptoms produced were 
primarily the result of pressure on neighboring structure by a palpable 
tumor. In the submucosal variety the muscularis mucosae was very 
thin in the larger tumors, allowing the yellow color to be readily seen. 

Microscopically the structure resembles normal fatty tissue but the 
lobules vary greatly in size and the supporting structure is irregular in 
distribution. Erosion of the dome with degenerativ-e changes may occur, 
or hemorrhage may occur with areas of fatly degeneration, cellular in- 
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filtralioti iiiul cilctiia (fig. 439). I'liroinbonis arid i^fa^ctioll may occur 
iti '?oine of tlic pcduticuliUol form<!, prodticling cy.slic dcgeiicralion, 
necrosis, iilccralioii nr .sloughing of the lipoma Jii the sections of the 
submucous variety taken at the angle of the tumor origin, the mucosa is 
seen to surround the tumor but the inuscularis failcs out near the base. 
The mucosal covering is thin and atrophic and the nuisciilaris mucosae 



, Fig 4S0— Submucoiw lipoma of the illastrnting hcrnorringic infnretioa 
' of the ovcrljing epitiielium (hem.u«>tylin .and c«sin X32;, 

TtPI.n 2 

Mil non orn Fiati iif-s or IiIPom s <»p tiu. C(n.o> 

CVsp.s 


Muscul'ins ttiiokencd 21* 

Inflamm'ition and edem > 21 

Infarction and licniorrtngc 4 

Xpcro«i3 and degeneration 16 

Increased fiiirosis 2’’ 

Increased cellulant> 31 

* Marked in JO e.isea 


barely perceptible Table 2 is a iiiininai^' of the microscopic features of 
the tumors studied m lliis .series 

Symptoms.— There is no chiiicti) syndrome tOiicli is pathognomonic 
of gastro-iiitestinal lipoma. The chief symptoms arc those of intestinal 
obstruction produced by the tumor itself or hy intussusception. All 
YMrieties of obstruction may be met with; acute, .subacute, clironic, acute 
evacerbation of a chronic obstruction, partial, complete, intermittent 
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or progressive. The symptoms may be pit?ccdc<l by months or years of 
alHiominal complaints of a vague or mihl nature. 

The size, location and behavior of the tumor determine the lime of 
ousel of symptoms which arc mainly due to a combination of a number of 
effects secondary to the jircsence of the growth, namely, disorderwl 
peristaltic activity owing to the interference with the intrinsic nervous 
mechanism of the bowel wall, intussusception and obturation of the 
lumen. In addition, ulceration of tlie mucosal surface with or without 
hemorrhage, circulatory injuiy incidental to powerful peristalsis or 
intussusception with edema, congestion, infarction, necrosis and gan- 
grene mark the onset of symptoms. 

Clinically, the cases may be classified in three groups on the basis of 
symptoms. In the first group there arc only vague inlc.stinal complaints 
and the tumor is found only because of a complete examination includ- 
ing roentgenograms of the colon. In the second group there is a history 
of long-standing and gradualh* increasing constipation with recurring 
altack-s of colicky abdominal pain, often associatc<l with nausea and 
vomiting. This group comprises the cases in which there ore recurrent, 
mild intestinal obstruction and recurrent intussusception. The symptoms 
are frequently noted after ingestion of bulky foods, often occur in epi* 
sodes months to years apart and persist for a matter of hours to days. 
They may terminate with the passage of bloody stools. Between the 
attacks the patient is comparatively comfortable except for increasing 
constipation. The average duration of symptoms ns computed by 
Pemberton and McCormack was 41.5 niontbs, and in the present series 
38.4 months. 

A typical attack in the second group is charactcrizetl by intermittent 
abdominal distress, colicky [)ains and moderate abdominal distention 
with nausea and often vomiting; these attacks, too, are often terminated 
by bowel movements which occ.asional\y may be bloody. It is likely tbat 
the early symptoms occur when the tumor is small owing to its encroach- 
ment on the bowel lumen with tension on its wall. As the attacks be- 
come more severe, an intussusception occurs which is difficult to reduce. 
There were 24 cases of this type in the present series. 

In the third group are the cases of more severe intestinal obstniction. 
The clinical picture is more acute and intussusception is more frequently 
present than in the other groups. This picture was noted in 7 cases in 
the present series. The symptoms are of a few days’ or few weeks’ tlura- 
tion, and owing to the similarity of the picture to that of the acute ob- 
.struction seen with carcinoma, the diagnosis is frequently that of carci- 
noma. There may be a history of chronic recurrent attacks preceding 
the severe acute attacks. Apparent good health is usually present im- 
mediately before the onset. TTie attack of acute obstruction starts as a 
sudden, sharp, craniplike abdominal pain which is usually located in 
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Ihc region of the tumor j nausea, vomiUngand abdomin-al distention are 
present if the obstruction persists for many hours. 

r.un is the main symptom which brings the patients in search of relief. 
In the present scries it was the outstanding symptom in 25 cases and was 
of a colicky nature in 10 of these. Si* patients complained primarily of 
a vague abdominal discomfort. On the average, attacks of pain had 
occurred for 3.2 years. The duration varittl from one month to fifteen 
years. Constipation was present in 14 cases and diarrljca, cither alone 
or associalcfl with the constipation, was notcti in 12 instances; mclena, 
associated with one or the other, but usually with diarrhea, was seen 11 
times. Nausea and vomiting were present in onb’ 4 cases. These afore- 
mentioned chief intestinal symptoms were often incilcsl and aggravatc<i 
by taking food and relieved by a bond movement. Anemia was present 
in 8 cases and weight loss and cache.via occurretf in II cases. It is in- 
tcrcsting, however, tliat the profound anemia seen in carcinoma of the 
cecum was not obseiwed in cases of ulcerating lipoma of the cecum. 

In 17 cases a palpable mass was noteil cither upon rectal evamination 
or through the abdominal nail In 4 of these cases carcinoma was as- 
sociated With lipoma In 1 instance u lipoma of the sigmoid was pal- 
pated m the pelvis by bimanual examination. In several instances a 
mass notcti sccondaty to intussusception was found to dtsapiicar after a 
bowel movement Positive roentgenologic evidence was present in 28 
cases. 

\ Diagnosis.— Because of llie rarity of coionic liponm n posithe pre- 
'operative diagnosis is seldom nmde. ^Ylth tliis possibility in mind, 
liowcver, the eliciting of a “typical” hisloty, the finding of n palpable 
mass and the discovery by roentgen rays of an cncapsidaleil submucosal 
lesion should suggest tlie possibility of a lipoma A specific diagnosis of 
lipoma W. 1 S made once m tins scries, but in 2 c.iscs tlic roentgenologic 
report mentioned the likeliliooil that lijxMim was present. Many roent- 
genologists feel that the mucosal pattern gis-cn by a benign tumor is 
of great help in identifying it. A diagnosis of “polypoid lesion,” “in* 
tussuscepting lesion” or just “lesion” of the specific p.irt of the large 
bowel was made in 10 other cases. On 14 occasions the roentgenologic 
diagnosis was “carcinoma of the colon ” Some men believe that the 
existence of lipomas cisenhere in the patient should aid in diagnosis 
of lipoma of the bowel 

Ordinarily it is not possible to disthigiiish roentgcnologically between 
the various histologic types of polypoid neoplasms It is known, however, 
that adipose tissue, whether of neoplastic origin or not, is the most 
nadiolucent of all body tissues Accordingly, it has been thought that 
with the use of the double contrast ractho<l in the roentgenologic ex- 
amination of the colon, it is possible to suspect the true histologic nature 
of sonic of the lipomas encountered, by noting their failure to manifest 
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the primnrj' density possessed by iiitralinniiinl tumors of other liistologlc 
types. 

^Mien a lipoma is seen through a proctoscope, its soft lol)ulnle<l con- 
sistency and the yellow lingo of the mucosa overlying the tumor may 
lead to the correct diagnosis, but the changes secondary to a vascular 
disturbance frequently alter the appearance of the lesion. 

With acute symptoms of short duration, it may be difficult to dis- 
tinguish the true situation from acute ap]>eni\iri\ls, especially when the 
lipoma involvcs the cccuni and ascending colon. In most cases, as shown 
by previous records, the prcopcralivc diagnosis is that of recurrent partial 
obstruction of the bowel, and the presence of a tumor is rarely susjiccled. 

Treatment. — Treatment for this condition is strictly surgical, but 
the co-operation of the internist in the prcopcralivc munagctnenl is neces- 
sary in some cases. Those patients with acute ohslniction should 
undergo decompression and other supportive measures should be in- 
stituted before an operation is performed. I/ieal enucleation or segmental 
resection with an cnd-to-ciid anastomosis is the procedure of clioicc 
when the patient has been properly prepared and tlie risk is not great. 
In some cases in which preparation willi a nonresiduc diet, sulfasuxidine, 
irrigations and decompression is not accomplished, a two-stage procedure 
may be required. This may necessitate a proximal colostomy or cecos- 
tomy, or a modified Mikulicz type of procedure. On the right side of the 
colon a right hcmicolcclomy with an Ueolransvcrse colostomy vs some- 
times done because the nature of the rare lesion is not suspected. A 
local enucleation in those cases in which the diagnosis can be established 
might well be done instead of the more extensive procedure. For tumors 
situated in the transverse, descending or sigmoid colon, local enuclea- 
tion or segmental resection with cnd-lo-end anastomosis is to be pre- 
ferred. Excision of pedunculated lipomas of the rectum in some cases 
may be accomplished through the proctoscope without a great deal of 
risk. In the present series of cases, roost of which preceded the present- 
day preparation and chemotherapy, a right colectomy was done in 15 
cases, in 0 of which the lipoma was associated with a carcinoma. In 8 
cases exteriorization operations were performed; in 5 transcolonic ex- 
cisions or enucleations; in 3, segmental resections with end-to-end 
anastomosis; and in 2 combined abdominoperineal resections, both of 
which were for carcinoma, tlie lipoma being incidental. In this group 
there w’as only 1 death in the immediate postoperative period : the pa- 
tient, a woman, aged CO years died from the effects of pneumonia three 
days postoperatively. Three patients died within four years of the date 
of operation but all had primary carcinoma associated with the lipoma. 
Twenty-five patients are still living after operation. In 5 cases no fol- 
low-up data were available. 
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SUMMARY AND CONCLUSIONS 

III more than 1,400,000 patients and in about 125,000 laparotomies, 
33 eases of lipoma of tlic large bowel were cnountcrccl. Several surveys 
in the literature have presented larger numbers of cases than in the pres- 
ent series, but it is believed that this survey is the largest made of a 
single group of clinical eases of ii]>oma of the colon and that it represents 
a concise account of their actual frwjucncy in surgical practice. 

Tlie incidence of lipoma was found to be cKlremely low. Since a cor- 
rect diagnosis is ncccssarj’ for proper treatment, the possibility that these 
lesions may be present must be kept in mind in differential diagnosis. 
The cause is still unseltlcil but from n clinical standpoint its importance 
is not great. 

Lipomas are .seen most often in the age group in which cancer is most 
common, a fact which often causes confusion in diagnosis. The average 
duration of symptoms was 3 2 ye-irs in our senes of cases The char- 
acteristic picture is that of a chronic recurring partial obstruction with- 
out attacks of colicky pains but with constipation, and an occasional 
patient will have diarrhea or mciena or bolli. These symptoms in a 
patient who is otherwise well should make one suspect a benign tumor. 
A palpable, movable mass with positive roentgenologic evidence of a 
colonic le&ion is also valuable diagnostically. Hcctal and proctoscopic 
examinations of any patient with gaslro-intestinal symptoms should he 
n routine jiroccdurc From a patliologic standpoint there are no es- 
Jpccially difficult problems in diagnosis. Lipomas arc more likely to he 
pedunculated -since lljcy usunlJy arise from tlic submucosal surface of 
the bowel. For the same reason they arc likely to be crodeil and show 
areas of ulceration. Tlic iietlunculalcsl forms are more likely to be l\' islcd 
with consequent disturbance of the blowl supply. Eroded and infnrctcd 
lesions show microscopic variations ranging from acute inflammation to 
e.vtensive necrosis 

The operative proecdure varies with tlic location of the lesion and 
the amount of bowel wall tnvolvcil. If all patients with colonic lesions .arc 
prejiared with sulfiisuxidine and irrigations for possible resection, flic 
end results should be good ainl the mortality rate very low. These pa- 
tients differ from those with malignant disease in tliat tlicir nutritiona) 
deficiency is not usually so profound and they are therefore better opera- 
tive risks 

REFERENCES 


Meet , Mayo Clin U 505-512 


4, Comfort, M. W.: bubmucous i^ipomau* ui uw- vnastro-Intestinal Tract Surg 

Gyncc. & Obst. 5^.101-118 (Jan.) 1931, 



LIPOMA OF THE COLON* 


1243 


5. Dppocuuo, P. and Dcrocquc, A.: I^cs lijKimcs sous-imtqucx do Pintc^tin. J. (In 
chir. »4.'1G3-172 (Aiit;.) 1921. 

G. Dowis, J V ‘ •’ *" - '•*' V - *• • ■■ ' ii,c 

U . tiiial 

T „ I ■ 

7. Faber, J. P : Menorrhagia in a Case of Uterus Uilocularis; Submucous Lipoma 
of the Cecum Causing Intussusception- Proc. Staff Meet , I^Iaj’O 
Clin //;299-300 (Mny6) 1935. 

S. Gault, J. T. and Kaplan, Philip- Submucous Lipoma of the Colon; Keiiort of 
a Case. Am J. Surg. ^i.I45-151 (July) 1911. 

9. Hiller, T.: Quoted by Slctten, D..** 

10. King, K. L.: lienigii Tumors of the Intestines With Special Ilefercnco to 

Fibroma. Surg., Gynec. AObst.fJ 51-01 (July) 1917, 

11. Kirshbaum, J. D.: Submucous Lipomas of the Intestinal Tract, as a Cause 

of Intestinal Obstruction. Ami. Surg. /0/.‘734-739 (Feb.) 1035. 

12. Odclbcrg, Axel; Lipomatn of Jejuno-Ilcum. Acta cliir. Scaiidinav. 55:151-174, 

1921, Lipomas in Jejunum or Ileum. (Al»str.) J.A.M.A. 75:974 (Apr. 2) 
1921. 

13. Pemberton, J. deJ. and McCormack, C. J : Submucous Lipomas of Colon and 

Rectum. Am. J Surg. 57:205-210 (Aug.) 1937. 

14 T> . T . , , • .. . • • ^ ■ ■ T ‘poma, 

15 . • * * 

16. Schottcnfeld, L K.: Lipomas of the Ga.strolnieslinaI Tract, With Special 

17. ■ : ' .. : . 


18. T • • . • 

19 Wakeley, C. P. G and Paul, M. A.* Tumours of llic Small Intestine (Ex- 

eluding the Duodenum). Australian Ne'v Zealand J. Surg. /:227“205 
(Dec ) 1931, 

20 Wiener, M F. and Polayes, S II.: Benign Tumors of the Ileocecal Region, 

With a Survey of the Literature. Am. J. Surg. 49.5.3S-544 (June) 1938. 




PERSISTENT TRUNCUS ARTERIOSUS: A CLASSIFICATION 

ACCORDING TO ANATOMIC TYPES 

Robeut \V. CoixETT AND Jesse E. Edwauds 

There has always been conshlcrnblc confusion concerning the path- 
ologic criteria for the diagnosis of persistent Inmctis arteriosus. In order 
to clarify the pathologic diagnosis of persistent truncus arteriosus and 
to arrive at an applicable classification of this congenital anomaly, an 
analysis was made of reports of 1 1C cases of a congenitally defective heart 
characlerize<l by a single functioning arterial tnink. Ninety-three of 
these cases were considered to Ik* examples of cither persistent truncus 
arteriosus or partial persistent truncus arteriosus. Of the other 23 cases, 
12 were not true examples of this entity even though they had formerly 
been considered as sucli by other authors. The remaining 11 cases could 
not be classified because of inadequate information. 

Tlie chief sources of information used were the classic reviews of this 
type of congenital heart disease made by Taruffi in 1875, Vicrordt in 
1898, Ilerxlieimer in 1910, Abbott in 1027, Humphreys in 1032 
and Lev and Saphir in 1942. However, numerous other reports of cases 
not included in these reviews were discovered and included in our 
analysis. Since 1942, at least 11 cases have been reported as e.xamplcs of 
the malformation under consideration. However, only C of these have 
been included in the present scries as true examples of persistent truncus 
arteriosus. 

From the analysis of the 93 cases of persistent truncus arteriosus, an 
anatomic classification has been developed on the basis of the embryology 
of the human heart and great arterial vessels. 

Pathologically, a persistent Inmcus arteriosus consists of a single 
arterial trunk arising from the ventricular part of the heart. Complete 
or partial failure of the septum, whicli normally divides the embrj’onic 
truncus arteriosus into the aortic and pulraonarj’ trunk, to form, results 
in such an anomaly. The single trunk receives blood from both ven- 
tricles and supplies the coronary, pulmonary and systemic circulations. 

This anomaly may assume numerous variations, and from this fact 
stems most of the controvert concerning the pathologic diagnosis of 
persistent truncus arteriosus. In order to clarify the confusion con- 
cerning this entity, one must understand the embrj'ologic basis for its 
development.’ 
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EMDUYOLOGIC CONSIDEKATIONS 

The Truncus Arteriosus and Gonos Arteriosus.— Kramer in 1942 
Jjuhlishcd iin excellent description of the partitioning of the trunciis 
arteriosus and conus arteriosus and of the fonnation of the ventricular 
.septum in tlio cinbrj’onic Iminan heart. The truncus arteriosus is the 
single arterial vessel which p.asscs ccphalnd ns the main outlet from the 
heart. The conus arteriosus is the conically shapoil part of the heart 
which joins the ventricle with the inincus arteriosus. Tlie line of divi- 
sion between the conus and truncus lies at the level of the formation of 
the pulmonary and aortic valves This continuous channel made up of 
the tnmeus arteriosus and the conus arteriosus may he called the tnin- 



I'lg -IGO — The truncocQnal channel showinR the two Iruncocon.al ruiges (a, a' 
and b, I') a, Truncus nclRc in dextrodoraal puailton, b, truncus ridge in siiiislro- 
ventral position, a', conal ridge in slnistroventr-sl position, 6', con.sl ndge in 
doxtrodorsal position, A, aortic channel; and P, pulmonary cluanncl. 

coconal channel. In the lining of this channel, two opposed and spiraled 
rows of swellings, llic truncoconal ridge.s, develop (fig. 400). As each 
ridge is followed caudally, it spirals in a clockwise manner. At the lower 
level of the conus arteriosus the relations of the opposing ridges are 
exactly reversed. 

As a result of normal grow’lh, these ridges meet in the centruf axis of 
the truncoconal channel and fuse to form a spiral septum that divides 
the cliannel into tw’o vessels, the pulmonary trunk and tiie iiscemling 
aorta. The septum wliich results from the fusion of these spiraled ridges 
is itself spiraldl so that the two vessels wliich result froin this division 
are also spiraled. Thus, the spiralcfl nature of the truncoconal ridges is 
responsible for the spiraling of the pulmonary trunk and aorta about 
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each other and for the communication of the aorta with the left ventricle 
and tile pulmonary trunk with the right ventricle ” 

Below the level of the semilunar valves the conus ridges unite to 
sejiarate that part of the right ventricle known as the conus piilmonalis 
from the more moilified corresponding portion of the left ventricle that 
serves as the outlet into the aorta. Complete or partial absence of the 
truncoconal ridges results in failure of division of the tnincoconal channel 
into the pulmonary trunk and ascending aorta, thus resulting in tlic 
congenital anomaly classified as persistent truncus arteriosus. 

The Semilunar Valve Cusps. — At the junction of the truncus arterio- 
sus and conus arteriosus, swellings develop on tlie parietal wall of the 
truncoconal channel and on the truncoconal septum (fig. 401). From 

Tr-anc-ixs artertosu.s Tr-u.Ticu.s -contxG 




Fig. 461.--Dcvelopment of the semilunar valve cusps from the parietal wall of 
the truncoconal channel and on the truncoconal septum, a, Intercalated valve 
swelling which becomes the dorsal cusp of the aortic valve, o'; t, intercalated valvo 
swelling w inch becomes the ventral cusp of the pulmonary valve, 6'; and c and d, 
the truncoconal ridge sw ellings which unite to form the truncoconal septum, c' ami 
d', and serve to form the two ventral aortic semilunar valve leaflets and the two 
dorsal pulmonary valve leaflets (modified from Kramer). 

these the usual number of semilunar cusps are formed. However, if the 
truncoconal ridges fail to form and no other tissue develops into valvular 
tissue, the only valve leaflets that develop arc derived from the parietal 
w’all of the truncoconal channel. Only two semilunar cusps then result. 
The case of persistent truncus arteriosus reported by Carr, Goodale 
and Rockwell, in which there were only two semilunar cusps, illustrates 
such a maldevelopment. 

If the truncoconal ridges develop incompletely without the comple- 
tion of the truncoconal septum, the number of cusps may vary from 
four to six. In 9 cases of the series reriewed there were four semilunar 
cusps. In the case reported by Rizzi there were six semilunar cusps. 

On the other hand, when there is an eccentric alignment of the trun- 
coconal ridges, three or four valve cusps may result. The size of these 
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may vary with the degree of ccccntridty of Uie ridges. In the majority 
of the cases included in the scries, there were three cusps, and in 0 of 
these cases there was partial division of one of the three cusps. 

It readily can be seen that the number of valve leaflets present in 
jjcrsislent truncus arteriosus may varj' between two and six In contrast 
to the statement that four cusps are ncccssarj’ for the diagnosis of per- 
sistent Irunciis arteriosus, the miinbcr of valve cusps present c.nn- 
not he employed as a significant criterion for the diagnosis of persistent 
truncus arteriosus. 

Pars Mcmbranacca Septh — 'Flic fonuaiion of the uppermost portion 
of the ventricular septum, the membranous portion, is brought about in 
the region of the conus arteriosus of the ventricles. This is accomplished 
by the merging of the lower jiorlions of the conus ndges with the right 
tubercles of the cndocardml cushions of the atrioventricular canal and 
the crest of the muscular ventricuLir septum This does not take place, 
however, through direct fusion of these elements, for, as pointed out 
by Frazer, Odgers, and Kramer, the embryonic interventricular fora- 
men never completely closes, llnlher, the original interventricular fora- 
men above the primary muscular septum is partially remolded into the 
subaortic conus and the final stcpn in the partitioning of the ventricle 
and conus take place where this foramen opens into the right ventricle. 
Tlie right tubercle of the ventral atrioventricular cushion plays a most 
' important role m this final closure of the Interventricular foramen. 

■ As the conus septum, which has developed by the fusing of the conus 
^ridges, groM's caudad, it extends lowaitl the right border of the ventricu- 
lar septum. However, the dextixxlorsal coims ridge diverges towanl the 
orifice of the right atrioventricular canal while the sinistroventral conus 
ridge becomes continuous with the right bonier of the ventricular sep- 
tum. Tiie dcxlrodorsal comis ridge incites with the right tubercle 
of the atrioventricular canal cushion, thus straddling the right atrio- 
ventricular orifice. The fusion of the basal portion of this conus ridge 
with the right tubercle of the vcnlnd cushion of the atrioventricu- 
lar canal closes the communication between the right ventricle and the 
subaortic conus of the left ventricle. With further fusion of (1) the right 
and left conus ridges, (2) the cndocanlial cushion tissue at the crest of 
the ventricular septum and (3) the right tubercle of the ventral atrio- 
ventricular canal cushion, the opening between the subaortic conus and 
the right ventricle is occluded.*® This is the final step in the separation 
of the aortic and pulmonary diannels. At least tliree reports^®' 
in the literature concern hearts in which congenital defects occurred in 
tills final closure. They should be considenxl as examples of partial 
persistent conus arteriosus. 

In' accordance with this concept, it is found tliat ventricular septa 
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defects of varying magnitude may be associated o’ith persistent truncus 
arteriosus. The defect may represent complete absence of the entire 
ventricular septum as in cases of cor bilocnlare or cor triloculare biatrin- 
tum. This occurred in 19 of the cases of persistent Inincus arteriosus in 
Ibc scries rcvie\vc<l. A complete vcnlricular septum may \>e ptes-cut, 
with the defect only in the upper part of the conus or truncus septum. 
Four such cases have been reported in which n complete pars nicmbran- 
acca septi was present (Preisz, cases 15 and 1C, Kcttler, and Graham 
and Hontgornco’)- There were also cases of a single localizctl defect in 
the truncus septum that gave communication between the aorta and 
pulmonarj' trunk. 

The Pulmonary Arteries.— An understanding of the manner of origin 
of the pulmonarj’ circulation from the tnincus arteriosus involves a 
consideration of the development of the sixth aortic arches. In verte- 
brate cmbiyos, six pairs of aortic arches are formed; these connect the 
ventral aorta with the dorsal aortac. In human embryos the entire scries 
of aortic arches are never present simultaneously. Tlie two most ccphalad 
arches disappear as main cbanels before the more caudad arches are well 
established. Tlic fiftli arch, if indeed it appears, does so transitorily as a 
vestigial vessel appended to one of the neighboring arches. Only the 
ventral and dorsal aortic roots and the third, fourtli and sixth arches 
play an important role in the formation of the permanent vessels. The 
sixth arches gi\*c rise to the right and left pulmonary arteries. 

Bremer In 1902 and Llorca in 1933 demonstrated that when the sixth 
aortic arches are first formed they branch off latcrnlly from the ascending 
primitive trunk (fig. 462, a) to meet the descending dorsal aortic roots. 
From the caudal aspect of each of Uie sLxtlj ordics buds develop which 
are the aniagen of the pulmonary arteries. That part of the left sixth 
arch between the developing left pulmonary artery’ and its connection 
with the left dorsal aortic root remains as the ductus arteriosus. Nor- 
mally, the corresponding portion on the right side disappears. 

Llorca, in his study of a scries of eight human embryos that varied 
from 5 to 13 mm. in length, was able to show that the right sixth arcli 
shifts dorsally toward the left sixth arch (fig. 462, b). By the time these 
two arches have become closely aligned, the truncus septum has partially 
formed, thus separating the aortic and pulmonary circulations as shown 
in figure 462, c. Both Bremer and Llorca emphasized that the right 
si.Yth arch shifts so completely to the left, apparently owing to differ- 
ential growth, that it may appear to spring from the left arch. With the 
completion of the truncus septum, the circulation appears as it does in 
figure 462, d wth a single pulmonatj’ trunk and persistent ductus ar- 
teriosus on the left. 

It is upon the recognition of these stages in the development of the 
pulmonarj’ circulation that the anatomic classification of the cases of 
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persistent tninciis arteriosus reviewed by us is based. It was found that 
the cases could be typal according to the origin of the pulmonaiy ar- 
terios, each type representing dtffercnt stages in the evolution of the 
sixth aortic arches as shown in figure 462, a, h, c and d. 

CRITERfA FOR THE PATIfOLOGIC DIAGNOSIS OF PERSISTENT 
TItUNCUS ARTERIOSUS 

Vicronlt in 1898 was one of the first to classify cases of persistent 
truncus arteriosus lie classifiwl 28 cases into three groups according to 
the following gross anatomic clmraclcnslics: (1) partial persistence of 
the cinhty'onic truncus arteriosus ns a single trunk from which the aorta 
an<l pulmonary tninks arose, (2) a single arterial trunk with the char- 



PiK 102 — a lo d, Development of tlic sixth aortic nrches to form the putmonarj 


aelcristics of tlic aorta and (3) a single arlcnal trunk with llic char.ie- 
Icnstics of the pulmonary arlcrj’, Tliis same chissififalion was ncceplcil 
by IltrslwUttc? w 1910 wwd MwxckcWrg w\ 1024 , TUc UxUer wuthac sug- 
gested that casc.s he classified as lo “partial” or “complete” persistence 
of the common arterial trunk on the basis of the degree of septal forma- 
tion. 

llumphreys in 1932 classified the reiKitted cases according to the mim- 
ber of semilunar cusps. She set down eight criteria for the identification 
of per-sistent truncus arteriosus. Her first two criteria are acceptable to 
us and arc included in the list of criteria to follow ; her last six criteria do 
not seem valid. She jncliulcd as criteria the presence of four semilunar 
valve leaflets, an abnormal topi^raphy of the cardiac musculature, «n 
atrial septal defect and abnormal atriovciilricular valves. 
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The number and position of the semilunar valve cusps of the truncus 
arc not signiGcanl because, as shown in the discussion on their develop- 
ment, they may varj' from only two cusps to ns many as six. In 8 cases 
that met our criteria, there was no atrial septal defect. In the majority 
of cases the mitral and tricuspid valves were normal. 

Lev and Saphir in 1942 stntc<l that the only criterion necessary for 
diagnosis of persistent truncus was the presence of one large trunk 
emanating from the heart and giving o/T the coronarj’ arteries, the pul- 
monary arteries and the systemic arteries. They referred to their definite 
cases as "partial,” "almost complete” and "complete” types of per- 
sistent truncus, in accordance with Monckeberg's suggestion. 

After reviewing numerous descriptions of hearts with a single arterial 
trunk in which tliefc were no remnants of an atretic second vessel and 
after investigating the erabryologic development of the truncus and 
conus arteriosus, we have conic to the conclusion tliat only two absolute 
criteria arc necessary for the pathologic diagnosis of persistent truncus 
arteriosus: (1) there must be only one main arterial trunk leaving tlic 
base of the heart and there most be no remnant of an atretic pulmonarj' 
arterj* or aorta and (2) this single arterial trunk must supply branches 
to the coronary, pulmonary and systemic circulations. 

Frequent concomitants of persistent truncus cases but not criteria for 
pathologic diagnosis are (1) an interventricular septal defect, varying 
from a small defect of the membranous portion to complete absence of 
the ventricular septum and (2) an ovcrriiling of the interventricular sep- 
tal defect by the truncus arteriosus, which at limes arises more from the 
right ventricle than from the left. Willi extreme de.xtroposition, the 
truncus may arise solely from the right ventricle. 

ANATOMIC CLASSIFICATION OF THE REFORTED CASES OF 
PERSISTENT TRUNCUS ARTERIOSUS 

The most applicable classification of the different types of persistent 
truncus arteriosus which meet the necessary criteria for a pathologic 
diagnosis is based on the embryologic stages in the development of the 
pulmonary arteries from the sixth aortic arches. There are four major 
types of cases of persistent truncus arteriosus (fig. 463): 

Type 1. A single pulmonary trunk and ascending aorta arise from the 
truncus arteriosus. 

Type 2. The right and left pulmonarj' arteries arise close together 
from the dorsal wall of the truncus arteriosus. ' 

Type 3. One or both pulmonarj’ arteries arise independently from 
either side of the truncus arteriosus. 

Type 4. There are no pulraonaiy arteries and there is apparent con- 
genital absence of the sixth aortic arches. The arterial circulation to the 
lungs is by way of bronchial arteries. 
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Tlicse four major types represent tjic various stages of arreste<l de- 
velopment (fig. 4C2). Type 4 signifies the earliest stage, since no repre- 
sentation of the Sixth aortic arches is present. Tjpe 3 represents the next 
earliest stage in which the sixth aortic arches hranch laterally from the 
Inmais (fig. 4G2,a) Type 2 represents a later stage in \vhich the right 
pulmonar>’ arterj’ has shiftetl dorsally an<l to the left to become more 
closely allied with the left sixth arch (fig. 462, 6 anti c) Type 1 indicates 
a much later stage in which the two pulmonary arteries br.uich from a 
common pulmonary trunk that in turn lakes its origin from the iruncus 
arteriosus, The various types arc aiilidivKled on the basis of the direction 



Fig 403 —The four major anatomic types of persistent truncus arteriosus a. 
Type 1, 5, type 2, c, type 3, anti d, typc4 Arrow indicates the direction of flow of 
blood from the heart 

and condition of the aortic arch and the presence or absence of the ductus 
arteriosus. These types and subtypes are illustrated in figures 404 to 
469, which were drawn by Mr. Russell Drake. 

Type 1. — Type 1 is rcprosenletj by 38 cases which are subtliviclcd ac- 
cording to seven different annlomic variations (fig. 4GI). In each case a 
short pulmonary trunk and ascending aorta arise from the truncus ar- 
teriosus. The first subdivision includes 21 cases, in which the aortic 
arch turns to the left, the ductus arteriosus is absent and the pulmonari 
trunk springs from the left side of the truncus (fig. 404, fl). This subtype 
represents llie largest single group of eases of the series. The second su • 
type differs from the first in that the pulmonnrj’ trunk arises from e 
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Taussig (1947) 

b. Pulmonary trunk from right side (subtype 2, 5 cases) (fig. 4C4, 6). 
Cose reports: Prcbz, case 15 (1890); Valdes Dias and Perez de Los 
Keyes (1930); Szypulski (I937)t; Walls {1941)*t5 Miehelson (1913) 

2. Ductus arteriosus present 

a Coarctation of aortic arch not present (subtype 3, 3 cases) (fig. 401, e). 
Case reports- Feller, case 4 (1931); lIumpbro>’s (1932); Van Brown 
(1942) 

b. Coarctation of aortic arch present (subtiTJC 4 , 1 case) (fig. 404, d). Case 
report: Feller, case 2 (1931) 

c. Complete atresia of part of aortic arch (suhtj^pe 5, 1 case) (fig. 404, e). 
Case report : Preisz, case 10 (1890) 

B ‘ '■ ’ ' > - ' 'fig 404,/). Case reports: Rokitansky 

' • . (1905)*; Feller, case 1 (1931); Roos 

' C. Double aortic arch (subtype 7, 1 case) (fig. 464, g). Case report; Kerwin • 
(1936) 


* Single ventricle. 

t Direction of arch assumed to be normal, 
t Stenosis of pulmonary trunk. 

I Origin of pulmonary trunk high. 

right side of the truncus (fig. 464, b). There are 5 cases of this subtype. 
The third subtj'pe, represented by S cases, differs from the first only in 
that the ductus arteriosus is present and patent (fig. 464, c). 

Tlierc is only 1 case each o! the fourth and fifth subtypes, but they are 

10 
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Since persistent trunciis arteriosus, by definition, is manifested by in- 
complete division of tlie truncoconal channel by the tnincoconal scpliiin, 
lbc^c cases ^cprc^ent jiartial persistence of Uic tninciis Therefore, such 
cases are described in the classification as type 5 
Type 5.— Tins tjpe is cbamctcrized by partial iiersislcnt tniiicus 
arteriosus, localireil tlcfcot in the truncoconal septum and a comimmica- 
tionbctween the aorta and the pulmonary tnink (congenital) (fig 408). 



Fij; 409 —So-called peraiatcnt irmicus arternwa-s 
Anomalies coTHidered not to bo porsusienl lruncusartencx«ii.s winch liiwc t>oencon- 
sulered as such by other authors (12 casesl 
A Sinple arterial trunk 


Hunter (1911), Webb (1910) 

2 Ilight nortic arch Pulmonary supply by way of right ductus arteriosus 
(?) (1 case) (fig 409, b) C.v«c report Harris (1920) 
n Single arterial trunk 
1 Left aortic arch 

a Pulmonary supply by way of remnant of ductus artcno*us through 
innominate artery (right) (2 cases) (fig ICO, c) Case reports llerx 
hcimor (1910)*, Nfehta uml llenictt (1913) 
h By way of left innumiR.snt artery (1 case) (fig, 409, dj Case report 
Wood and Williams (I92S) 

Unclassified group (U cases) 

(Insulliciciit information — neither direction of aortic arch nor means of circula- 
tion to lungs known) 

Case reports Cr\sp (ISIO), llcrvieut (ISQl), Nuntieley Ilichardi^rc 


* T)w«.tt,\erti of web to tjc nonwat 

t Single ventricle 

Tliirteen cases of this type are rcporletl in the litcnilurc. They can be 
.subdivided according to tbe relative size of the Iruncocona! septal defect. 
Small localizcil defects in Hie Iriincus septum were found in 11 cases com- 
prising the first subtype (fig. 408, a). The defects varied in location from 
ii site just above tbe anterior aortic sinus to ii site at the beginning of the 
arch of the aorta. Tliose communications in or near tbe arch of the aorta 
should not be confused with the so-call«l window type of persistent 
ductus arteriosus such as in the cave rcjmrted by Luteinbaclier. It is 
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emphasized that it may he difficult to rule out acquired couununicatioiis 
in some of tlicsc eases. 

In a ease reported hy Rickanls the clefect lay behind the anterior 
semilunar cusp of a bicuspid aortic valve. Below this coininunication 
between the pulmonary Inmk and the aorta, there was a defect in the 
membranous portion of the ventricular septum. 

In 2 cases, one reported by Charleris and another by Jacobi and Hein- 
rich, there was a communication between the aorta and the conus of the 
ri^ht ventricle representing a defect in the final step in the separation of 
the aortic and pulmonary channels as describctl in the discussion of the 
einbryologj* of the pars mcmbranacca. These could be clas.se<l as eases 
representing partial persistence of the conus arteriosus due to lack of 
completion of the conus septum in localized areas, 

Livingston reported a ease iu which there w’as a defect between tlic 
aorta and right ventricle at the level of the tricuspid valve; this defect 
represented the lack of fusion of the basal portion of the dexlrodorsal 
convis ridge with the right tubercle of the ventral cushion of the atrio- 
ventricular canal, 

I/Dcalized weakness in the completed Inincoconal septum may result in 
an aneurysm of that particular portion of the septum. Ten cnsc.s of such 
aneurysms’’ *•”•**' **■’•• *'”■“*•“*• •** have been reported. It U ques- 
tionable if these can all be considered to be congenital defects because 
only 1 of the patients died at an age of less than 2G years. This was the 
case reported by ^Yhite in a boy aged 15 years. 

In the remaining 2 cases of type 5 llicrc was a large defect in the trun- 
cus septum (fig. 408, b). The right and left pulmonarj’ arteries arose 
from the posterior left aspect of the partial persisting truncus. Except 
for the presence of the intact aortic and pulmonary semilunar valves, 
these cases resemble those of type 2. 

In 6 of the cases of type 5, the ductus arteriosus had formed but was 
closed at the time of necropsj’. The ductus arteriosus was absent in 2 
eases, 1 of which was reportwl by Moorhead and Smith in 1923 and the 
other by Bain and Parkinson in 1913. In Ilektocn’s case, the ductus 
arteriosus was persistent and patent. 

CASES CONSIDERED NOT TO BE PERSISTENT TRUNCUS ARTERIOSUS 
^MIICH HAVE FORMERLY BEEN CONSIDERED AS SUCH 

The remaining 12 cases of the IIC in this series are considered not to 
be cases of persistent truncus arteriosus (fig. 4G9). The essential features 
of these cases include the presence of a single arterial trunk that follow.s 
the course of the aort<a and a pulmonarj' arterial supply that is acquired 
by means of a persistent ductus arteriosus. There are* 8 cases in which 
the source of blood to the lungs is by a normally located ductus, 
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Ihal is, lilt; rig}it amJ led pulmoimij* arteries appear lo liranch fmrii tlic 
ducUis arteriosus 400, «) Such cases have been includes! as typical 
cvauipics in fonitcr scries of cs»s€^ of pcreistcnt Iruncus arteriosus. How- 
ever, since Ibe right and left pnlinonao' arlcrics are ticrived ns brancJjes 
of the pro\imal portions of the right ami left sivUi aortic arches, the 
presence of both of them presupposes that the proximal portion of the 
right and left sixth aortic arches acre i»rcscnt iit one lime. Since the 
right and left pulmonary arteries shoned no connection with the truiicus 
ora derivative of it, those parts of the sixth arches must have been present 
at one time but must Iiavesuhsequenlly disappcareii. Under these circum- 
stances it is impossible to state whellier they had arisen from a Inincus 
arteriosus or from a pulmonary trunk nhicli had dcvclopt'd from j>arti- 
tionlng of the tnmeus There are numerous eases in the hteraturc which 
resemble these 8 cases in that the pulmonary supply v\as obtainc<! 
through ft ductus nrlenosns, but in nhicli nn atretic pulmonary trunk is 
present and connectctl with the fnnctionmg ductus. Inasmuch as tl ts 
impossible to dclenniue m these 8 cases whether or not the trunciis li.ad 
in fad been partillontxl at one time, it is imposMble lo include them tin- 
equivocally ns examples of persistent tnmeus arteriosus. 

In the case of a right aortic arch reported by Harris in 102C Iherewns 
complete absence of the left lung The arterial supply to the right lung 
uppearctl lo beby way of a right-sided ductus artenosus (Gg. 405, ii). Thus 
interjiretcd, a right-sidctl pulmonary tmnk might have developed ut one 
time but subsequently disapjwartxj. The st»l!l>om infant which Harris 
.described was markedly defonned. It was a cn.se of phocoinchis with 
.congenital cystic eleidiauliaiiH 

In the hist 8 eases ft single arterial trunk «rose from the base 
of the heart but the pulmonary arterial supply was by means of an anom- 
alous ductus artenosus that hranchctl from the inuomiii.'itc artery The 
fttioiimly described in the eases iX'porUxI by Ilcrthcimcr, and Mehta .ani! 
IlewlcU is lihislratcil in figure -169, e. The iiiiomnly <!escnbed bj AVooil 
and Williams is illustrated in figure 469, d. 

ANOMALIES ASSOCIATED WITH PERSISTENT TRUNCUS ARTERIOSUS 

Associatetl with periislciil truncus arteriosus m the 9.9 c.sscs of the five 
types given in the classification were numerous other cardiac niid vascuhir 
anomalies (table 1). The origin of Uic tnmeus iirlcriosus in the first four 
types and the variation in the nuwlier of semilunar salve cusps arc shown 
in table 2. 'i'bc direction of lh« aortic arch mid the xnriation in number 
ami position of the coronary urtcncs arc .shown in table 8. 

Various noncanlinc ctMigeuilal nnmnnfies that were cocxistenl with 
per.sislcnt truncus are listed m table 4 

The age of the p.iticnlB at the time of sleuth in the eases rcvicwctlare 
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TABLE 1 

Caiidiac and Vascucau Anomaues AssoaArr.o with PiricMsTE.VT Trhnxus 
AnTEBiosus (93 Cashes) 


Anomaly Coses 

Alrml septal defect . S 

Common atrioventricular valve 19 

Single ventricle . . 19 

Bilocular heart - 4 

Trilocular heart . S 

Stenosis of tnincus . 1 

Stenosis of pulmonary trunk . 2 

Ectopic coronary arteries . 6 

One present . , 7 

Three prescnl , . I 

One from pulmonary artery . . . 1 

Right aortic arch ... . . 11 

Double aortic arch . . 1 

Absent ductus arteriosus . . .71 

Functioning ductus arteriosus . . ..12 

Coarctation of aortic arch . . .1 

Complete interruption of aortic arch . 2 

Two superior venae cavac .. 2 

Abnormal number of pulmonary veins ... 20 

Tn-o pulmonary veins 0 

One pulmonary vein . . 7 

Three pulmonary veins ..... 4 

Abnormal brachiocephalic vessels . U 

Four brachiocephalic vessels 0 


TABLE 2 

Origin or tub Troncus AnTERiosus a.vo the Nuiiber or SBwavNAit Vadves 
According to thc Various TTpes 




Tj-po 


Total 


1 

2 

3 

4 

Origin of truncus 

Both ventricles (overrid- 
ing septal defect) 

17 

11 

3 

7 

i 

3S 

Right ventricle 

7 

3 

4 

2 


Left ventricle. 

3 

0 

0 



Single ventricle 

8 

9 




Unknown . . 

4 

0 I 

0 

1 

5 

Number of semilunar cusps 






Two 

0 

1 



1 

Three . . 

li 

IS 

7 i 


Three plus* 

1 

4 




Four. 

9 

Q 

0 1 



Six 

1 

0 

0 



Not given 

13 

3 

1 

3 

20 


• Evidence of partial division of one of the throe cusps. 
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shown in table 5. It is interesting to note that of the four major 
types, only in the cjiscs of type 2, in Tihich the right and left pulmonary 

TABLE 3 

The DtRECTio.N or the Aontic Altai and the Varution in Numbeii and 
Position or the Cokosaiit Artemifs According to the Ttpes of 
Peksistfnt Tbuncus Artiriosus 



1 


T>T>e 

3 

4 

5 ^ 

Total 

Direction of aortic arch 







To the le/t 

20 1 

18 

c 1 

7 ; 

13 1 

64 

To the right 

6 

2 


1 

0 

11 

Double arch 

1 1 

0 ' 

0 

0 1 

0 

1 

Not known 

11 

3 

1 

2 1 

0 ' 

17 

Totals 

38 

23 

0 

10 

13 

93 

Number of coronary arteries 


! 





Number given 

i 19 

17 

7 

7 

4 

31 

Three 

1 

0 I 

0 

0 

0 

1 

Tro 

1 10 

11 ' 

c 

i c 

4 

1 49 

One 

2 

3 1 

1 

1 

0 


Number not given 

19 

0 ! 

2 

1 3 

' 0 

i 39 

Ectopic coronary arteries 


3 

1 

1 ^ 

1 ^ 

C 


TABLE 4 

Noncardiac Congenital Anomaues and Inflaumatory CoNDiTiova 
Associated r ith Ptrsistent Trwncus Artf.hiosvs 


Anomaly or Inflammatory Condition Coses 

Situs inversus 3 

Sympns opus 1 

Aplasia of spleen 3 

Aplasia of anas 1 

Aplasia of kidneys nnd ureters 1 

Aplasia of testes f 

Horseshoe kidney 2 


Polycystic kidney t 

Spina bifida ~ 

Cleft palate ^ 

Omphalocele and ectopia cordis . 1 

Absent diaphragm . , t 

Polydactylism t 

MicrophUialmus t 

Bone defects (arm, digits) 3 

Subacute bacterial endocarditis t 

“Fetal endocarditis” ^ 

Fibrous endocarditis * 

Cerebral abscess ^ 

arteries arose close together from the iloRuil wall of the truncus, and in 
cases of type 4, in which no pulmonarj’ arteries were present, did any per- 
sons reach maturity. In the cases of type 2, 3 persons died between the 
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ages of IG and 36 years. Five wlh type 4 lesions died between the ages of 
18 and 36 years. It is also interesting that few deaths occurred between 
the ages of 5 and 16 years; only 3 patients with lesions of the first four 
major tj^ics died in this pcrio<l, at ages 5,” and 13’‘ years respec- 
tively. Twenty-siK of the 85 patients for whom the age of death was given 
died during the first week of life (30.G per cent). Thirty persons died in 
the age period of 8 days to 6 months inclusive and 8 from the ages of 7 to 
14 months inclusive. Nearly a third of the patients lived to be more than 
C months of age. About 10 per cent of the patients lived to the age of 20 
years or more. 

The inflamraatorj' conditions slated ns being commonly associated 
ssith congenital heart disease were conspicuous by their paucity. In only 
1 of the 80 cases of the four major types was the patient reported to have 
had subacute bacterial endocarditis. In 4 cases there were warty vegela- 
TABLE 5 


Age of Patients with Pehsistent Truncur Artebiosvs at the Time of De stii 


ACl AT DtATR 

TOTAl 

CACTS By JMT 

1 

3 

3 

4 

5 

5tillborn-T day* 

28 

11 

10 

3 

1 

1 

8 daya-4 mo 

1 

, 

7 

2 

$ 

1 

7-14 mo 1 

8 

3 

1 

3 

0 

1 

15 roo-S yr 

4 

3 

0 

0 


3 

10-19 yr 

5 ' 

1 

2 ! 

0 1 

2 

0 

30 yr or more 

10 

0 ' 

2 

0 

3 

5 

Age not giren 

8 

4 

1 

1 

0 

2 

TotaU 

95 

38 

1 “ 

9 

10 

13 

Ranee of aeea 

(1 br -13 yr.) 

(StiHborn- 
38 yr.) 

(1 hr -14 mo) 

(1 hr -33 yr ) 

(Newborn- 
48 yr ) 


tions on the atrioventricular valves. These were considered by the respec- 
tive authors to be evidence of fetal endocarditis. Fibrous endocarditis 
was described in 1 case (Santa Cruz). Three patients reported on by 
Greenspon and Leaman, Ilulse and Ciicsar, respectively, died of cerebral 
abscesses as a complication of the congenital heart disease. 

SUMMARY 

A review is made of the cmbrj'ologj’ of the human heart, with empha- 
sis on the development of the septal system which divides the ventricles, 
the conus arteriosus and the tnincus arteriosus to form two separate cir- 
culations. This re\-iew is basetl fundamentally upon work done by 
Kramer and Patten. It is pointed out that by defective growth of the 
truncoconal ridges which normally unite to form the tnmcoconal septum, 
the original truncoconal channel remains as a persistent truncus arteri- 
osus. 
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0» llic basis of tills review, the two nlisolulc criteria set uji for the 
Iinlliologic Uiiipiosis of jK‘rt>islcHt trunciis arteriosus arc (1) that there 
imist be only one mnin Hrlerial Inmk Icininj; the base of Ibc heart ami 
(hereiniisl be iioreimiaiit of an ntrcli'cinibiionai^- Inink or aorta ami (2) 
that this single arterial tnink must supply brandies to the coronary, pul- 
momirj’ ami systemic circulations Tlie contribution of the sixth aortic 
arches iu the foniialion of the piilHionnrj arteries is- pointed out. On the 
basis of the ctnbrj'ologic dcvelojmient of the pulnionarj’ arteries from the 
si.vlh aortic arches, an nnatonne chassificutinii of the cases of persistent 
tnnicns arteriosus mlo four major tyjies and one minor type is made, 
grouping the eases types aceonlmg to s'anotis stages of arrcstctl de- 
velopment in this cmbryologic process. 

In this classification, tv pc i flO e:ises) signifies the earliest stage, since 
no representation of the sixth aortic arches is present. Type 3 (9 eases) 
represents the next earliest stage, in nhich tlic sixth aortic arches branch 
laterally from the tnmeus Type 2 <23 cases) represents a later stage in 
which the right inihiiomjrx- artery has shifUsl dor.sidly nml to the left to 
})CCOinc more cJosd.v allied nil)j l)ic left sixth arch 'Jy/ic 1 (38 eases) 
indicates a much later stage in vvhieh the two pulinonaiy arteries hranch 
from a common pulmonary tnink that in (urn takes its origin from the 
tnmeus arteriosus. Thc^c x-anous types arc subdividisl on the Imsis of 
the ihrccthm and condition of the aortic arch and the presence or ah* 
scTicc of the (liicttis arteriosus. 
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symposium on, A pril, 3W 
^^5ce^a, solid, perforations, treatment, 
Aprjf, 409-414 _ 

nail, endometriosis of, April, 381 
Abscess of lung, drainage of, ^IpriJ, 557 
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ascending, June, 83 4 
descending, J une, 833 
distal portion, operative treatment, 
^pril, 323-333 
hepatic flexure, June, 834 
resection of, primary, June, 829-841 
sigmoid, April, 323-339, June, 839 
splenicflexure, June, 838 I 

transverse, June, 837 I 

proximal half, June, 834 
of duodenum, massive hemorrhage due 
to,^pn7,320 

of epiglottis, surgical excision, technic, 
June.679-0S9 

of esophagus, resection in, June, 696 
of larynx, roentgen treatment, June, 680 
of rectosigmoid, operative treatment, 
^pril,S23-839 

of rectum, operative treatment, April, 
323-838 

of sigmoid, operative treatment, April 
323-339; June, 830 

of stomal, gastrectomy, total, June, 
747-705 

massive hemorrhage due to, April, 319 
of ihjToid, radical neck dissection in 
June, C31-C40 

protein nutrition in, April, 445M72 
Cardioplasty, June, C95 
Cardiospasm, surgical treatment, June, COI 


Cardiovascular surgery, technical aspects, 
June, 705-715 

Caronamide with penicillin. April, 430 
Cecum, carcinoma, resection of, primary, 
June, 834 

Cells, tumor, in diagnostic specimens, 
detection and significance, April, 501-520 
Cep!ialin<holcsterol flocculation test in 
jaundice, Aug., 1071 

Cerebrospinal fluid, testing, in spinal 
cord lesions, April, 529 
Cervical arthritis, manipulative surgery 
io, Feb,, 245 

tube flap for repair of defects of nose 
and check, Aug., 1017, 1025 
Cervicobmchial pain, manipulative surgery 
io, Feb, 215 

Cervix uteri, endometriosis, April, 584 
Cheek, defects, traumatic, , 1009-1028 
Cliemoiherapy in acute osteomyelitis, 
/V5,110.2S5 

of surgical infections, recent advances, 
aprd, 431-147 

Chest, surgery of, modem technics, /(pfi7, 
557-572 

Cbembtry, clinical, as old to surgery, 
,,lpfif,470 

Children, orthopedic surgery in, Feb,, 281- 
299 

Chlorides, blood, April, 477 
Cholecystectomy for acute cholecystitis, 
June, 813 

for chronic cholecystitis and cholelithia- 
8b,June, 806 

, Cholecystitis, acule, cholecystectomy for, 
June, 813 

complicating pregnancy, Aug , 1120 
in aged, April, 361 

chronic, cholecystectomy for, June, 800 
Choledochoslomy, June, 810 
Cholelithtasb, cholecystectomy tor, June, 
806 


determination in jaundice, Aug., 1073 
Chondrectomy for chondromalacia patel- 
lae, Feb., 2C6 

Chondromalacia patellae, Feb., 2C1-2C7 
treatment, Feb. , 2G6 
Chondromatosis, synovial, Feb , 89 
Cicatricial deformities, correction of, April, 
611-621 

Cineplaslic amputation of arm, Feb., 234 
Clavicle, resection of, part'ial, June, 909 
Clavicular lube flap for repair of nasal 
defect , Aug, 1017 , 1026 
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Coarctation of aorta, aurgical treatment, 
Junr,709,711,712 

Coccygwlyria, nianipulalivc aurjfcry in, 
/■ri ,251 

Colloiilal polil prccipilalion test in jannitire, 
,fu?,10TI 

Colon, aseemling, wircinoma, re«ectwM» of, 
primary, ./tfar.ftfl 

carcinoma, resection of, primatj , .tpnl, 
323-S38;Jun«,82tH8ll 
descending, carcinoma, resection of, 
pnmarj', June, 838 

distal portion, carcinoma, operative 
treatment, ,tpril, S23-S3S 
djverlicuJitw, majiire Jieroorrhage due 
to, .Ipnl, 321 
lipoma, duj, 1233-1213 
tesection, anterior, and primary anas- 
lomosis, preoperatise ptep- ( 
anition,.(pnf,333 I 

selection of cases, <4pn(, 330 
surgical principles, June, 830 i 
technic, dpnl, 333, June. 829- j 
811 

sigmoid, carcinoma, resection of, pri- 
mary, June, 839 

trniyversc, carcinoma, resection of, 
primary, June, 837 

prtaimal half, carrinoma, resection 
of, primary, June, S3 1 
Colostomy, dcfunetioning, in Ijinplio- 
granuloma venereum of rectum, Jpnf, 

400 

' CoJpocleisis, total, for prolapse of ufems, 
y June, 859 i 

Common duct, operative procestuies on, 
June, 803-815 

strict nre, repair of, June. 812 
Compression dressing in compoimd frac- 
tures ofhand,/e6 , 10 
fraclurca of spine conjplwaled l>y injury 
to the spinal cord t'eb , 189-101 
in elderly people, feb , 105-203 
Congemlal dislocations of hip, Feb , 99-Ot 
heart disease, surgienf treatment, June, 
705 

Continuous spinal niicslhcsia, technic, 
June, 933 

Columella, repair of, ^luj7 ,1019 
Conus nrtcrio.sus, origin, , luff ,1910 
Convuisioas during aiiesthcsn, manige- 
ment,y!pri7, 42C 

CoomLs’ test 111 hemolytic jaundice, Jpnl, 
373 

Cubitus valgus in children, Feb , 296 
Cysts, bone, solitary, ni children, aurgical 
trenlincnV, Feb., 282 


Cysts, endometrial, ruptured, -f prd, 587 
ejtradiiral, inlrasplnnl, spinal deformi- 
ties due to, Jefc , 171 

of {larthohn’s gland, evcislon of, June, 
813-815 

of ovary complicating pregnancy, .It/ji , 
1122 

pifonKlal, June, R70-8S6 
Cytolog}', newer developments, April, 480 

Di-oridemevt in chronic arthritis, Feb , 91 
PecorficalKm in pulmonary tuberrulovw, 
April, 532,537 

Deformities of spine, reurologienl aspects, 
fefe,lC3-187 

j Descnsitizalion of joint in chronic arthritis, 
! /Vi . 92 

Diagnosis, laboratory, as aid to surgery, 
Apnl,ifif> 

Diaphragmatic paralysis for pulmonary 
tuberculosis, Apnl, 543. SCO 
»• tsrt 


of shoulder, recurrent, u])emiiuiii u>i, 
.luff ,098.909 

tcnwuspension operation for, .luff, 
097-1007 

Diverticula of appendut, false, following 
inlhimmntion and rupture of ap- 
pendix, .lug , 1189-1207 
of esophagus, lurpeal twalment, June, 
COl 

Diverticulitis of colon, nn»$i\c hemorrhage 
duelo, /Ipni, 321 
Diverticulopcxy, June, COS 
Drainage of lung abscess, .1 pril, 557 
operations in pulmonary fuWrculo'Ls, 
/lprd.551,559 

Ductus arteriosus, p.slcnt, surgical cor- 
rection, June, 705 

Duoilcnal contents, tests, dprd, 481 
drainage injaundicc,.fuff , 1069 
Duodenum, carcinoma, massiw hemor- 
rhage iiuc to, dpril, 320 
ulcer, gastreclomj , subtotal, June, TCj7- 
777 

Djecxcrelioii tc»U m jaundice, .fuff , 1073 
Dismenorrlica, pfcs.ncrol neurectomy for, 
Jbw,MI-S66 

Kmrrrn nenc, ifitraemm.iJ divniou, )« 
M6ni^re’sdisensc,.tuff ,1085 
Elbow, amputation at, Feh , 233 

bursitis in region of, fV6 , 155-162 

fibrosis, wnuipulativesiirperj in.frb .250 
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KHww, miner’s, Fel* , 15C 
tennis, Frf> , 15G 
Elcclromj ogmphy, April, 53 J 
Emesis (luring aiiestliesis, iiiftiugenienl, 
Jpr/V,42J 

Empyema, tuberculous, trcatinenl, 

551,505 

Emiomelrial cyst, riiplunHl, April, 557 
Endometriosis, consen'ative management, 
April, 

Endotracheal Anesthesia, equipment, June, 
911 

intubation methods, June, 950; Aug, 

1100,1101 

larjTigoscopy in, J une, 953 
technic, June, 011~901 
tubes, June, 913 
Enterobiasis, .lpnl,4S'i 
EpendjTDoma, Aug., 1178 
Epicondjlalpa 
Epicondjlilis, Feb., 157 
Epiglottis, carcinoma, surgical eaeuion, 
technic, June, G79-089 
Epiphysis, femoral, slipped, m di'ild, 
surgery in, Feb., iST 
manipulative surgery in, Feb., 45C 
Epiphj’silis, pyogenic, in children, surgical 
treatment, Feb., 28S 

Erjihrocyte count as aid to surgery, April, 
474 

sedimentation rate, April, 475 
hUophagoiejunal anastomosis in total 
gastrectomy, June, 757 
flsophagus, carcinoma, resection in, June, 
69C 

diverticula, June, 691 
lower end, peptic ulcer of, massive 
hemorrhage due to, April, 318 
resection, technic in, April, 507 
strictures, June, 694 

surgery of, technical aspects, June, 691- 
703 

tumors, J une, 095 

varices, massive hemorrhage due to, 
April, 517 

Evamination, rectal, 415-419 
Exercises, bypereitension, in fractures of 
spine, fV6., 201,20^ 
in clironic arthritis, Ee6 , 90, 91 
postural, in spinal fracture, Feb., J97, 198 
Extrapleural operations for puliaonary 
tuberculosis, ^pnl,547, SCO 
Extremity, lower, amputations, Feh., S26 
prostheses, Feb., 235 
varicose veins, management, June 
887-892 


Extremities, upper, nmputntioiis, / ,231 

pro»(heses, Feb., 238 
Ewing's trnnor, /Vf'., 133, 135 

FscuL ncrx'e, techiuc of exposing, Jn 
parotid gl.ind surgery, June, 673-677 
Fnllot, tclralogj- of, surgical treatment, 
Ju«r, 709,713,714 

Femonil epiphysis, slipped, in child, 
surgery in, Feb , 287 
manipulative surgery in, Feh., 256 
Femur, imndjles, amputation proximal to, 
Feb , 230 

fractures, in children, Feb , 293 
I head and neck, surgical approaches, 
I Feb , C6, C7, C8 

ne<^, fractures, management, Feh., 31-57 
shaft, defects, repair o^ Aug., IICI 
surgical approaches, Feb , 69 
Fibfo-adenoma of breast, mixed adeno- 
carcinoma nnd CbromiTcosarcoroa arising 
in, /fw^., 1137-1140 

Fibroids of uterus complicating preg- 
nancy, 1121 

Fibrosb of elbow, manipulative surgery in, 
Feb.,i50 

of fingers nnd metacarpophalangeal 
joints, manipulative surgery in, Feb , 
251 

of knee, manipulative surgery in, F eb., 257 
Pibrositis of shoulder, manipulal(\'C surgery 
in,fff',247 

Fibula, surgical approaches, Feb., 74 
Fibular transplants in long bone repair, 
/fu7., 1156 

Fingers, amputation, Feb., 231 
fibrosis, manlpulalive surgery in, fet ,251 
F^luU, anal, internal, annular rectal 
slrictuee from, Aug , 1Z1J-IIZ7 
lymph, spontaneous and traumatic, 
^Kg., 1033-1047 
Foot, amputation, Feb , 2-26 
prostheses, Fc6., 235 
lesions, manipulatl^ surgery in, Feb 
258 

pixmated, Feb , 289 

stabilization in infatile paralysis, in- 
dications and technic, Fe6., 260-274 
Forearm, amputation, Fei , 233 
Fotehead*flap for repair of defects of nose 
and cheek, Aug , 1024 
Fractures in children, Feb., 293 
of femur in children, Feb., 293 
neck, management, Feb., 3 1-57 
of hand, compound, treatment, Feb., 
I 15-29 
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rraduics of flip, iiilracnpiiikr, rnaiiage- 
nictit, Ftb ,31-57 

of fop, coJummutc<I «n<l wgmcrtlc'l, Fth , 
1-J3 

Gxol sVfIclal (rnction foDoKMl 
Ly uplmling nnd lifl.ijn) 
lalwti, Ftb , U 

mfucfton {>}' conitnuout (nclion, 
tVetetsI pull, suspension, 
Feb, 0 

liy Cxfst traction fdlo^ni (>y 
splintinf^, Feb , 0 
transfixion pins and outanle ban 
ill, Feb , 10 

walking iron stirrups in, feb . II 
of radius oml ulns in children, F^ , tM 
of spuif, compression, compticntrd by 
Injiuy to ipioal coni, Feb , IStt-lOl 
in elderly people, /'rfi . I05-jU5 
of tiblal oond^le, iateml, surgical treat- 
menl. Juna, Bin 

of tihial spine, avulsion, with iionunion, 
fixation with beeM>one screw. 
Avf , IWtHOSS 
lnchil«I«n,re6,Sl'3 

rrieilrelch’s atnxin, spinal ilcfotmity in, 
/Vf',181 

^Voxen shoulder, /V6 , 

Runipufatiie eurgery ui, Fete, 217 
Furiiua clamp in intestinal resection, June, 

8ia 

nsucroae tolerance test m juMndKe, 
Aiiff , 1070 

(aitllbiailder, diseases, acute, in aged, 
J>vi{,301 

operative procedures on, June, 805-315 
Gaatrectomy, sublolnl, for peptic ulcer, 
June, 707-777 
lotJif,/u«,7i7-T« 
technic, June, 750 
indica tJons for, J une, 747 
postoperative care, J une, 703 
Gastric analysis, April, 431 
(Jastntis, masHive bemorrhage doc to, 
April, SiO 

(tsslro-esophagcal anastomosis, ^prif, MS 
Gastromteatinaf ficoiorriiaKc, massive, not 
due to peptic ulcer, management, -Iprrf, 
317-331 « 

Giardiasis, April. 46‘2 

niioioas, classification, simplified, Imsrd 

on theory of anaplasia, Aug , 11S15'1187 
Globulin test, eeniro, in jaundice, Aug, 
1071 

Glucose {oternnee test in jaundice, Aug, 

loco 


Grafts, l/one, 77-t>6 See also ^one 
frnjle 

skin SeeSitnjrra/fs 

Granuloma, intraspinal, tuberculous, 
neurological aspects, Ff 6. 169 

Gnlti-Sli>kcsamputation,dVh ,339 

Gross’ operation for patent ductus arlerio- 
>us,Jimr,705 

llaurren mclhwl of radical maslcclomy, 
June.lVt 

Ilalsteij-Finney method of lateral opcu 
•naatoroosis of small intestine, June, 831 
lUromer loea, phalangectomy for, Feb , 277 
Hand, fractures, rompoimd, treatment, 
Ftb., 15-20 

aptuittumversal Frh , 17 
Hanger's test lajsundice, Aug , 1071 
Heart, eoDgemtat defeeU, surpeat treat- 
ment, dime, 705 • 

•UTEery of. IrcJiaic*, ^pnf, 571 
Heat retrnlioa during anesthesia, msnage- 
i):ieBt,.,}pnf, 430 

HeoMtevnt reading its surgery, dyed, 475 
tteiDaloIogy )n surprry, A put, 474 
llerooglobia wtimation as ttd to surgery, 
April, 474 

llemoljtic jaundice, splenectomy for, 
^Frt/,372 

Hffnorrhnge. gastrointestinal, nuusire, Bot 
due to peptic ulcer, management, 
dpr.f,3l7-321 

oioMire, in endometriosis, dprtf,5S9 
Ileinorrhoideetomy, technic, Jans, 872 
IfemorrhoHls, trenlment, -Iped, SS3-SS7; 
yunf,«t7-878 

injection, d ped, 385; dune, 809 
operative, -Iprif, 383, y«ias, 870 
ilemut, hiatus, massive hernia due to, 
Apnl, 310 

incisioiui), repair, June, 787-795 
inguiiiAi, repair, dune, 705-601 
veitirai, repxir, June, 787-793 
Henuation of mtcrvertebral dtak, diagnosis, 
/l|mf,533 

Hintus hernia, massive hemorrhage *lue 
to. rtprrf, 310 

Ifip,Mnpufa1>minenr, fVA ,231 
proslheses, Feb , 230 
dnlocntiDii, congenital, trcaltiirnt, Feh, 
«tMH 

exposures, for drainage, Ftb , CG 
for lecoiutruclions, arthroplasties and 
fractures, /V6 ,00 
posterior, Feb , C9 

requiring view of femoral neck and 
aubtrodiantenc region, f ri , 67 
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Hip, fractures, iutracapsuhr, inanaseuwnt, 
ffk. 31-37 

oslmirthntis, insnipulrtlive surgery in, 

F tb . iSS 

Hippuric ncid lest in Jaundicr, Avf , 1074 
Hoffraewler tcrlinic of partial gastric 
rcbcction, modified, J trae, 7G8 
Humerus, shaft, defects, repair of, Ang, 

nco 

UlTierextension exercises ia fracture of 
spine, Feb , 901, 902 

H>T>crproteinizatu>n in cancer, JpnJ, 45t 
Ilj-persplenism, splenectomy for, ^Iprif, 
376 

llj-perteosion, portal, splenectomy for, 
vlpn/,S77 

Ilj-perthyroidism complicating pregnancy, 
^!w?,l]93 

lljstcrertoiny, vaginal, for prolapse ol 
uterus, 7ii«r, 835 

lerenva Sec also Joandire 

index in jaundice, Avg., 1007 
Incisional hernia, repair, June, 787-703 
Infnntiieparalysis See PoIt^myelUu. 
Infections, surgical, chemotherapy, recent 
advances, A^nl, -120-447 
Inguinal hernia, repair, June, 703-801 
Injection treatment of hemorrhoids, ylprif, 
383, June, 8G0 
of varicose veins, /uii«, 837 
Injuries, abdouinai, diagnosis and manage* 
ment, Aprtl, 386-897 
nerve, Aug., 07S-995 

Intervertebral disk, bemiation, Feb., 218 
diagoosU, Ap-il^SSi 

Intestinal obstruction, anesthesia and, 
dpri'f, 420 

compbea ting pregnancy,^u 3 .1120 
management, April, S07-S16 
Intestine, large, lower portion, examina* 
tion, April, 415-410 
surgery of, chemotherapy in, Ajuil, 
440 

small, obstruction, management, April, 
307-315 

resection of, June, 817-897 
end-to-end aseptic method em- 
ploying Furniss clamp, Jane, 
S23 

anastomosb, June, 820 
lateral open anastomosis, June, 891 
Mikulicz method, Jane, 825 
Intrathecal administration of antiiuotics, 
April, 

Intussusception m infants and children, 
diiy., 1141-1151 


Inluasusceplion, multiple, nith multiple 
polyps and chylons ascites, report 
of imusu.’ii case, Aug, 1206-1913 
Inversion of uterus, vfprif, 506-610 
Imltne, blood, ri pril, 478 

JiDVDicE, Jaborntory diagnosis, Aug., 
1063-107C 

hemolytic, congenital and acquired, 
differentiation, /( pnf, 873, S74 
splenectomy for, April, 379 
Jcjunojejunoslomy in total gastrectomy, 
June, 761 

Joints, ospimlion, in clironic arthritis, 
Feb 02 

desemitiealion, in chronic arthritis, Feb , 
62 

surgery of, symposium on, Feb , I 
surgical approaclies, F ri., C3-7C 

Keloid scars, correction, A pri7, 61 4 
Kidney function, estimation, April, 485 
perforations, trealroent, April, 406 
Knee, amputation at, proslbescs, Feb., 935 
arthroiomy of, June, 013-621 
lateral approach, June, 91B 
medial or lateral approach, June, 613 
posterior approach, June, 010 
disability, manipulative surgery in, 
Feb , 257 

surgical exposures, Feb., 71 
Kyphosis, neurological aspects, Feb., 163- 
187 

LanonATORT diagnosis os aid to autgery, 
Apnl.473'499 
in jaundice, Aug., 1065-1076 
LabiTinlhotomy, destructi\-e, in ir4ni^«’8 
disease, Aug , 1083, 10S7 
Laryngoscopes, June, 049, 044 
Laiyngoseopy in endotracheal anesthesia, 
June, 953 

Larynx, ana tomy, June, 656 
carcinoma, roentgen treatment, June, 
680 

Leg, amputations, Feb., 228 
in children, Feb., 291 

fractures, comminuted and segmented, 
Feb , 1-13 

Le^-Perthes disease, F eb , 289 
leukocyte count as aid to surgery, April, 

474 

Ugamentous reinforcement in recurrent 
dislocation of shoulder, rtwy., 969 
Lipase test, serum, in jiumlice, Aug., 1073 
Lipoma of colon, /lujp., 1933-1943 



1278 


CU1IOT.ATIVK ISHKX 


Liver disease, tests in, April, 483 
functional tests, in jaundice, Avg , 1067 
perforations, treatrocnl, Apnl, 470 
Lumbar sjmpatbeclomy, technic, June, 
C67-671 

Lumbosacral fletus, injuries, Avg , 037 
Lung, abscess, drainage of, -Iprif, 557 

anatomy, bronehograpbie, /l7>rif, 673- 
581 

resection, for tuberoilosis, .fprrf, 310, 561 
segmental teclime, Apnl, 5C7 
total, technic, June 717 
surgery of, chemotherapy in, Apnl, 411 
Lymph fistulas, spontaneous and traumaltc, 
yli/g, 1035-1017 

Lymphogranuloma venereum of rectum, 
operative proccilure, selection, Apnl, 
S0O-A08 

MsNcniSTER-FoTnEnoiLL operation for 
prolapse of uterus, June, 851 
Jlanipulatwn in chrome artbrilM, /V3 . 00, 
01 

Maoiputative surgery in ortiiopedica, f*6 . 

343-859 

Mastectomy, radical, technic, June, 737- 
737 

Mastoidectomy, incision eruiaurnl «r post* 
auricular^, Aug , 1093-1090 
Median nerve, injuries, Aug , 035 
Medulloblastoma, /luj , 1185 
M4ni&re’s disease, differential diagnosis, 
du;,1033 

pathologj', Aug , 1070 
surgical treatment, indications, Aug, 
1077-1091 

symptoms, Aug , 1077, 1081 
Meningiomas of spinal cord, clinical 
features and end results, June, C50-C05 
MenLscus syndrome, munipulatire surgery 
in, Feb , 337 

Metacarpoplnlangeal joints, fibrosis, 
manipulative surgery in, Feb , 351 
Mikulicz resection of small intestine, June, 
S33 

Miner's elbow, Feb , 150 
Monaldi procedure in tuberculosis, -Ipnf, 
551,550 

Muscle operations for recurrent dislocalion 
of sboulcler, A ug , 093 

Muscular dystrophy, progressive, spinal 
deformity in, F eb , 179 
Myeloma, multiple, Feb , 133, 13> 
Myeloseopy, .Ipril,533 

Neck, cicatricial contractures, Apnl, 630 
dissection, radical, June, 631-640 


Nerves, facial, technic of eeposing, in 
parotid glind surgery, June, 673-677 
pm-ipheraj, injuries, nnd their treat- 
ment, Aug , 073-095 

Neurectomy, prcsaernl, for dysmenorrhea, 
June, 861-B66 

Neuro-aslroc}toiiia,<ti/g ,1185 
Neurofibromas of spinal coni, clinical 
features and eml results, June, 659^65 
Neurofibromatosis, von nechhnghausen’s, 
spinal deformity due to, Feb.. 171 
Ncurologicftl aspects of ileformities of 
spine, Feh , 1C3-1S7 

Nose, defects, traumatic, Aug , 1009-1038 

Oura's incision for hip joint exposure, Feb , 
€G 

Olecranon bursitis, Feb., 155 
Oligodendroglioma, Aug , 1181 
Open-flap amputation, Aug, 1019-1061 
Oflbopeilic surgery , pediatric, / eh , 381-399 
symposium on, Feb , I 
Orthopedics, manipulative surgery in, Frh , 
813-359 

O'boroe inci«ion for exposure of posterior 
liip, Feb , 69 

Odedoroy in cJjronicarlhntis, Feb , 07, J03 
Osten-xrthritis of hip. manipulative surgery 
in, Feb , 355 
surgery m, Feb , 67-115 
0»leochondrotnalMis, synovial, /r& ,89 
Osteogenic sarcoma, Feb , 133, 135 
Odeoidos<eotnv,/V6 , 131 
Oiteoma, osteoid. Ffli , 134 
Osteomyelitis acute, frfc , 117-134 
comphcntiorvs, Feb , 131 
penicillin in, f’eb ,110 
surgical drainage in, Feb , 130 
chronic, Feb , 134-131 
surgical treatment, , 135 
in children, clieniothrrvpy, Feb 3S5 
Osteotomy for chronic nrihrilus, F tb . 97, 100 
Ovary, cysl, complicating pregnancy , iug , 
1133 

Pain, cervicobrachtal, manipulative sur- 
gery m. Feb . 2 15 
Pamful shoulder, /Vi, 145-154 
I^ncreas, anatomy, Jiinr, 780 

diseases, value of secretin test m, ipnl, 
489 

preforalions, treatment, /lpril,4!3 
tad and body excKion of, Jimr, 779-785 

tests, .Iprd, 483 

Pancreatectomy, p.irfial, June, 779-785 
indications for, June, 780 
technic, June, 783 
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Paticrealilis, diapnosis, April, 344 
eliolopj" and palholopj’, Jfri7, 339 
surgical treatment, *lpr»7, 339-359 
Paralysis, infantile. Sec rofi’orni/Wifi's. 

Paralj tic scoliosis, f-’rt ,21i 
Paraplegia <lue to scoliosis, Fth., 1C9 
Parasites of bloo<l, study of, April, 471 
Parotid gland, surgery, technic of ex- 
posing facial nerve in, June, C73-C77 
Par^ meinhranacca sepli, origin, Aus , 1248 
Patella, chondromalacia, Frb , 261-2C7 
treatment, Feb , 2CC 

slipping or dislocating, surgical treat- 
ment, Feb , 281 

Patellectomy for diondromalacia patellae, 
Feb., 2GG 

chronic arthritis, Feb , IOC 
Patelloplasty for chondromalacia patellae, 
frb., 2CC 

Patent ductus arteriosus, surgical treat- 
ment, June, 705 

Pediatric orthopedic surgery, Feb , 281-299 
Pedicle grafts for defects of nose and 
cheek, Aug , 1011-1028 
Penicillin, bacteria susceptible to, .^Iprif, 
432 

in acute osteomyelitis, Feb , 119, 28G 
in surgical infections, ripril, 431-447 
intra-arterial injection, riprii, 437 
local injections, wlpri7, 438 
maintenance of plasma levels, methods, ^ 
ripril, 430 

toxic reactions, ^Ipni, 434 
Peptic ulcer, gastrectomy, subtotal, June, 
7C7-777 

of lower end of esophagus, massive 
hemorrhage due to, riprif, 318 
Perforations of solid abdominal sriscera, 
treatment, .^Ipril, 409-414 
Periarthritis of shoulder, Feb , 152 
manipulative surgery in, Feb., 247 
Peripheral nerves, injuries, and their 
treatment, Aug , 973-995 
Peritoneal fluid, tumor cells in, diagnostic 
significance, ^Iprii, 501 
Peritonitis, chemotherapy m, April, 440 
Peroneal nerve, injuries, Aug , 989 
Phalangectomy for toe deformities, Feb , 
275-2S0 

Phosphatase, blood, 478 
Phosphorus, blood, April, 478 
Pilonidal cysts and sinuses, June, 8714-886 
closed method of trcalraenl June, 
882 

open operation, June, 881 
Pins, transfixion, in fractures of leg, feb , 10 1 


Pbstic repair of defects of nose and cheek, 
.luff , 1009-1028 

neural fluid, examination, .Iprif. 479 

tumor cells in, «h'agiiostic significance, 
Jpri7,501 

Pneumonectomy, total, technic, June, 717- 
726 

Pneumoperitoneum for pulmonary tuber- 
culosis, .tprif, 544 

Pneumothorax, artificial, in pulmonary 
tuberculosis, April, 542, 500 
extrapleural, for tuberculosis, 546, 

560 

PulioinyelUis, anterior, foot stabilization 
in,imlicationsandteclmic, feb., 209- 
274 

toe deformities, phalangectomy for, 
Feb , 275-2S0 

spinal deformity in, feb , 184 
Polyps, multiple, with multiple intus- 
suseeptions and chjlous ascites, report 
of unusual case, Aug , 1209-1213 
Portal h>3wrlension, splenectomy for, 
April, 377 

Portex endotracheal tubes, June. 045, 946 
Postural deformities in spinal fracture, 
measures to overcome, feb , 107 
Potassium, blood, /I prj7, 478 
Pregnancy, ectopic, mnnagenienl, *lpri7, 
595-598 

surgical conditions coincident with, 
vlMff.,1119 

Presacral neurectomy for dysmenorrhea, 
June, 8C1-8C6 

I’roctoscope, useof,.^lpri7,4l7 
Prolapse of rectum in infancy and child- 
hood, .luy , 1215-1222: 
of uterus, Manchester-FolhcrglH opera- 
tion, June, 851 

total colpocleisis for, June, 859 
treatment , June, 847-8C0 
x'aginal hysterectomy for, June, 855 
vaginal repair with abdominal sus- 
pension, June, 849 

AYatkins-Wertheim interposition oper- 
ation, June, 854 
Pronated feet, Feb , 289 
Prosthetic devices following amputation, 
Feb , 234 

Protein nutrition in cancer, .lpn7, 449-472 
Proteins, serum, elprtl, 477 
Prothrombin time in jaundice, Aug , 1072 
Psychic trauma, aneslhesm and, ylprii, 42C 
Pajchosom.itlc backache, feb., 220 
Pulmonary arteries, origin, Aug , 1249 
stenosis, surgical treatment, June, 709, 
718,714 
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Purpura batmorrhsKicn, Kiiopathlc, 
splenectomy for, April, S75 
lUcnmc scoliosis, ff6 ,2U 


Rectum, carcinoma, operative (reitiment, 
yrprif,8«-33D 
examination, ,lpril,41&-410 
Ijtnpliogranuloma venereum. ojieiatiTe 
procedure, selection, April, 3<>!M0S 
prolapse, in infancy and ctiiUliood. 
^uy, 1915-1232 

stricture, annular, from internal ^lula 
in ano, Aug , 1115-1(17 
Respiratory tract, laboratory tests, .Ipnf, 
470 

Rheumatoid arthritis, suryeiy m, f'tb , S7- 
115 

toe deformities, phalangectoiny for, 
F<b , 875-2S0 

Rhinoplasty, /luy , 1000-1019 
Rib resections, scoliosis due to, Feb , 913 
Roentgen diagnosis of intracapsuUr hip 
fractures, rrh., 51 i 

treatment of carcinoma of lacjnx, June I 
C80 

Rose bengol test m iaundicc, Aug, jots 
Rupture of spleen, splenectomy for, April, 
871 

Rjerson’s technic of triple arlhrodeais 
forparolyticfeclifet ,970 
StMiCNOFESioiuL ligation and dislsl in- 
jection for varicose veins, June, 887 
Sarcoma of stomach, differential dbgnonis 
/lu(7, 1109-1113 
osteogenic, Feb , 133, 135 
Scars, operative correction, i-lprif, Cli-c^l 
Scliistosomiasis, April, 482 
Sciatic nerve, injuries, vli/y ,087 
scoliosis. Feb , 213 

Scoliosis complicating von RetJJing> 
hausen’a neurofibromatosis, Frb, 17| 
congenital, Feb., 207 
due to rib resections, Feb., 213 
idiopathic, Feb , 207 
neurological aspects, Feb., 103-187 
paralytic, TeS ,212 

paraplegia due to, Feii , ICO 
rachitic, /V6 ,211 
sciatic, Feb 213 
treatment, Frfi , 207-2H 


Secretin test, lalue, in surgery, April, 
4S0 

Fegmental technic of pulmonary resection, 
A^l, 367 

Semilunar valve cusps, origin, Aug, 1247 
Separations, ncromiocJavicuJar, June, 
Serum alhahne phosphatase test in jaun- 
dice, ring, 1074 

amylase test in jaundice, ring , 1075 


• . ■ • • -C 

Shoulder, amputation in region of, Feb, 
2SS 

(lulocation, recurrent, operations for, 
Aug, 008, 000 

tcno'iiipcnsion operation for, Aug , 
W7-1007 

fibrosilu, maniputitive surgery in, Feb, 
917 

ftoien.Frh .152 

manipulative surgery in, Feb , 947 
pAinfiit.m. 145-151 
f>eriarthrilis,/r5,!52 
tendinitis, re5 , 147 
tendon rupture, Fft . 150 
Sigtnoul colon, carcinoma, operative treat- 
lDenl,rir''^323- 339, June, 839 
Sigmoidoscope, use of, ^fpnl, 417 
Sinuses, pilonidal, June, 879-85.G 
Skin grafts in defects of no.Ne and cheek, 
riag,1009-lC«8 
I Sn<bimi,l>loral,riprtf,478 
Spinal oneslhesia, analomicat ami me- 
I chanienlfoctors,June,1>21 

' continuous, technic, June, tW3 

factors influencing height of nneslhesn, 
June, 825 

management of patient, June, 930 
solution for, June, 029 
technic, June, 023-010 
Spinal cont, lesions, differential diagnosis, 
ri/irj;,52J-537 

meningiomas and neurofibromas, clm- 
icnl features and end results, 
June, G59'CC5 

tumors, primary, multiple, Aug , 1223- 
1231 

Sjune, deformities, neurological O'pects, 
Feb, JC3-187 

fractures, oompression, coniphraletl hy 
injury to spinal cord, Frb , 1S9- 
194 

in elderly people, Feb , 193-205 
fusion os form of hone graft, Feb, S3 
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SYMPOSIUM. ON RECENT ADVANCES IN SURGERY 


FOREWORD 

The medical profession strives to disseminate current information as 
rapidly as possible. In this volume, particular emphasis has been placed 
on presentation of Imowledge recently gained; however, in order to main- 
tain completeness, the authors have included important current ideas, 
even though they may have been discovered or developed several years 
previously. Bj' no means are all of the papers devoted to operative tech- 
nic, although in a large proportion of instances, current operative 
methods are discussed in principle and occasionally in detail. More often 
the authors have endeavored to summarize the important modem 
thoughts in their respective subjects, and likewise present recent data on 
results. 

Physiologic principles in diagnosis as well as treatment have been 
rightly emphasized heroin. Although perfection in technic is an achieve- 
ment to be sought b}' all, there is great danger that a surgeon steeped in 
the principles of technic may neglect the important physiologic knowl- 
edge which, when utilized in preoperative and postoperative care, plays 
such an important role in the final outcome. 

In general, the subjects of the contributions presented in this volume 
have been chosen as those considered the most important in the surgical 
problems of today. Rare conditions arc not discussed. It is, therefore, 
hoped that the information contained herein will be found verj' useful 
and practical. 


Warren H. Cole, M.D. 





NEWER ANTIBACTEIOAL AGENTS IN SURGERY 
W. A. Alte-Meier, M.D., F.A.C.S.* 

The rapid growth of chemotherapy during tlic past seven years'-* 
has made it difficult for the clinical surgeon to keep informed regarding 
the many^new antibacterial agents, recent modifications of the older 
ones, and the changing concepts of their dosage schedules, mode of ac- 
tion, and methods of administration. More than 175 antimicrobial 
agents have been described in the literature up to April 1, 1949, and 
many hundreds more have been under laboratory investigation. Only 
a few of these have retained their antimicrobial activity in vivo or have 
been sufficiently low in toxicity* to permit their clinical use for the con- 
trol of surgical infections. This disucssion is intended to review our 
knowledge of the most promising chemotherapeutic agents which have 
been introduced recently so that these substances may be used safely 
and effectively. Although the efficiency of penicillin and streptomycin 
has been greatly increased by recent preparations and modifications of 
dosage schedules, their consideration is not within the scope of this 
article. 

Bacitracin, polymlxin or aerosporin, aureomycin and Chloromycetin 
are the most promising of the newer antibacterial agents. Each has with- 
stood the preliminary and intensive laboratory investigation and each 
is now being thoroughly investigated clinically. 

BACITRACIN 

General Considerations. — ^Bacitracin is an antibiotic agent originally 
described by Johnson, Anker and Meleney’” in 1945. It is derived from 
the Tracey strain of Bacillus subtilis which was recovered in May 1943 
from a culture of d6brided tissue removed from the compound fracture 
of a patient whose name was Tracey. Its distribution for parenteral 
use is still on allocation for experimental investigation, but the Federal 
Drug Administration has authorized its general distribution for topical 
or local applications. 

Bacitracin’s antibacterial spectrum (Table 1) is extensive and very 
similar to that of penicillin.” Bacitracin has been found to be effective 
in vitro against most pathogenic strains of hemolytic streptococci, 
nonhemolytic streptococci, coagulase-positive staphylococci, pneumo- 
cocci, gonococci, diphtheriae bacillus, anaerobic cocci in general, the 
various clostridia of gas gangrene, Treponema pallidum, the spirochetes 

From the Department of Surgery, College of Medicine of the University of Cin- 
cinnati, and the Cincinnati General Hospital, Cincinnati, Ohio. 
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of the mouth, the actmornycos, and the Endamoeba histolytica. It has 


in that its bactericidal activity appears to be directly proportional to 
its concentration. 

The chief atlribiilcs of bacitracin as a chemotherapeutic agent are as 
follow's : 

1. Bacteria subjected to its action show only moderate tendency to 
develop resistance to the compound, cither in vitro or in vivo. 

2. Blood, pus, wound exudates, or necrotic tissue do not inhibit or 
destroy its action. 

3. It is not inbibitcd by bacteria which produce pcnicilJina.se. MeJeney 
believes it to be of considerable value in the treatment of mixed infec- 
tions, partially those secondarily contaminated by gram-negative, peni- 

TADLE I 

lMlCROORC3AVrS»3 St:.V3IT|tX TO nAClTRtCl.V 


Hemolytic streptococcus 
Nonhemolytic streptococcus 
Miero-aerophihc streptococcus 
Anaerobic streptococcus 
Staphylococcus aureus 
Staphylococcus albua 
Anaerobic staphylococcus 
Pneumococcus 
Meningococcus 
Qonoeoceus 
Bacillus diphthcriae 


Bacillus pscudodiphtherine 
Clostridium tctani 
Clostridium nelchii 
Clostridium histolytlcus 
Clostridium srpClque 
Clostridium oedematiens 
Clostridium sporoEcncs 
Clostridium sordelU 
Actinomyces bovis 
Treponema pallidum 
Endomoeba histolytica 


cillmaso-producing bacteria which may inhibit the action of penicillin 
on the gram-positive etiolc^ic components. 

4. It can be given at more prolonged inteix’als since it is eliminated 
from the body slowly. 

5. Its effectiveness against microbes is in direct proportion to its con- 
centration. 

G. It has shown less tendency to produce allergic or hjiicrsensitivc 
reactions m patients treated either Byatcmically or locally than has either 
penicillin or streptomycin 

7. It is effective against many penicillin- and streptomycin-resistant 
infections. This is one of its chief indications for clinical use at the present 
time. A synergistic effect may occur when bacitracin is used w ith peni- 
cillin, particularly in the treatment of syphilis and resistant staphylo- 
coccal infections. 

8. It is superior to penicilhn in the treatment of many anaerobic or 
microaerophilic stroptoooccal infections, particularly chronic progres- 
sive synergistic gangrene and undennining burrowing ulcer. 
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9. liaeitmciii is of considerable value in tlsc treatment of ulcerations 
and granulomas of the colon producctl by the Endamoeba liistolytica. 

The following (h‘sa<lrantagcs of bacitnicin as a cliemollicrapeutio agent 
uhen compared with penicillin may be listed ; 

1 As yet it has not been ptodiiccd in pure crystalline form. 

2. At tlie present stage of its impurity, it produces evidence of renal 
irritation in some iirstancos after its parenteral injection in man. 'I'lits 
ncpbrotoxic ctTect lias tended to limit the dosage, the scope of action and 
the duration of treatment of bacitracin. 

3. It has been learned that the loxicitj’ of bacitracin varies with dif- 
ferent batches, and possibly with different methods of its production. 
For experimental use during the past nine months, onlj* those prcparji' 
tions of bacitracin liavo been usc<l which have an LDsa wlicn r)00 units 
are injected intravenously in 20-gm. mice. 

4. Local pain and induration may occur at the site of injection. 
Administration and Dosage. — ^AVhen injected parentcrally in liumans, 

bacitracin is readily absorbed and dilTused throughout the tissues in a 
manner similar to penicillin. After oral administration, bacitracin is 
only slightly absorbed and this route of administration cannot be used 
for systemic purposes. 

Tlio initial parenteral dose rccommcndctl at tlio prc'scnt time is 10,000 
units intramuscidarly every six hours for forty-eight to sovonty-tuo 
iiours (Fig. 470). If no signs of nephrotoxicity develop within this peiiod, 
the dose may be increased to 15,000, 20,000 or 30,000 units every hl\ 
hours. 

Doses in cxce.ss of 30,000 units are not recommended urdess the infect- 
ing organism is relatively resistant to bacitracin and no signs of Uf^pliro- 
toxicity develop wth lesser preliminary dosage. Bacitracin should noi 
be given more often than once every six houra. It should be adminieien 'i 
intramuscularly in a solution of 2 per cent novocain in pbyhi-j]<;gj< ^ 
saline to minimize pain at the site and time of injection. 

Bacitracin may bo used topically in the form of a diluU; boIuli‘/i, 
physiological saline or an ointment containing 50 to 500 unitb pcj < o'* ■ 
centimeter or gram. In my own experience a ciubowux base ha- 1. 
most satisfactory for bacitracin ointment, and a preparation cif iLi- 
is produced commercially. 

Untoward Effects. — When applied topically to the hhin, ^o0 
skeletal tissues, or the central ner\'Ous system, no ovidf-nce <A 
has been noted. Pain lasting froni fifteen to forty-hve 
immediately follow an injection of gomo lots of bacilrar in . 
little or no pain ahII follow an injection of bacitiacin A d, I, . 
reaction characterized by pain, redness, local heat, aii'l ni !,- 
occur occasionally •aithin twelve to twenty-four hom^ 

tion. On one occasion, a herpetiform rash developed ab j, 

each injection in one of the author’s cases. General u' ' 
with nausea and anoreria have been obsm’ed. 

Signs of nephrotoxicity may occur on the tiujd 
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denccd by urinary albuminuria, granular casts, renal epithelial cells 
and microscopic hematuria. In some of the cases manifesting albuminuria 
and other signs of renal irritation, ele\’ation of the blood urea nitrogen 
or nonprotein nitrogen levels may occur. Tlic degree of albuminuria may 
vary from a trace to 4 plus (Fig. 471) and may also vary with different 
lots of bacitracin. Tlic albuminuria may be transient, disappearing while 
the patient is under therapy, or it may persist or increase during con- 
tinued bacitracin treatment, ihrlaski reported nn incidence of nephrotoxic 
phenomena in about half of a scries of twenty/patients treated n-it'a 



Fig 470 —A F , a 40 year old Negro, was admitted to tlio Cincinnati General 
Hospital on October 19, 191S tvithacute postoperative cellulitisof the face neck. 


hours, 1 plus albuminuria developed 

bacitracin. Subsequent information indicated that ho was using particu- 
larly toxic lots, however Discontinuation of bacitracin is usually followed 
by disappearance of the albuminuria within throe to seven days. The 
lesion produced in the kidney has been sliown to bo a loiter nephron 
nephrosis. In animals, repair of the damaged kidney tubules occurred 
spontaneously after cessation of therapy. 

Attempts arc being made by chemists either to separate the toxic 
factors from the therapeutically active factor of bacitracin or to nulWy 
in some manner bacitracin’s toxic effects. Although some evidence has 
been introduced to indicate timt the nephrotoxicity is inherent m tlie 
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bacitracin molecule, other indications suggest a definite possibility and 
even a probability that a nontoxic foim of bacitracin may be produced 
which could be given safely in much larger doses. A recent analysis of 
several different lots of hacitraein has revealed several polj’pcptides 
which differ somewhat in the relative proportion of the amino acids which 
they contain. Other studies indicate that bacitracin is a poli^peptide of 
considerable molecular size with a molecular weight between 2000 and 
5000. 

Laboratory Control.— Before the start of bacitracin therapy, a unnaly- 
sis, phenolsuUonphthalcin renal function test, and determinations of the 



Fig. 471. — G. B., a 30 year old Negro, was admitted to the Cincinnati General 
Hospital on December 14, 1948 with acute cellulitis of scalp and face complicating 
a laceration. Chart illustrates the development of albuminuria 4+ on the third 
day of parenteral bacitracin therapy. Albuminuria promptly receded spontan- 
eously after discontinuation of bacitracin. Good response of infection to the anti- 
bacterial agent. 

blood urea nitrogen or nonprotcin nitrogen should be made. Should 
definite evidence of renal damage exist in a given patient, bacitracin 
therapy should either not be us^ or be used with great caution when 
no other available chemotherapeutic agent is effective against the par- 
ticular infecting agent of that patient. If no evidence of renal damage is 
evident, parenteral bacitracin may be started. During the first four days 
of therapj’, daily urinalj’ses should be done and phenolsulfonphthalein 
renal function tests and determinations of the blood urea nitrogen 
should be performed every other day. IS albuminuria or granular casts 
develop, further administration of bacitracin may be continued with 
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caution. However, if the albuminuria increases to 3 or 4 plus or if hema- 
liiria develop.s, it is wisest to discontinue further administration of the 
agent, particularly if nausea, vomiting or signs of nitrogen retention 
occur If there are no signs of renal damage, tiie do‘>e of hacitmoin may 
be increased if necessarj’ and urinalyses and blood urea nitrogen detor- 
mination-s may be done everj' tlurd or fourth day. 

Clinical Indications. — At the present tune clinical studies arc being 
earned out in human patients at Xcw York, rhdadelphb, NewOrleaas 
and Cincinnati to determine the indicatioas and limitation,? of thi-s new 
antibiotic agent m the treatment of surgical infection.?. In general, the 
clinical indications are es'^ntiallj* the s.ame as tho*>c for penicillin. On 
the other hand, bacitracin is of particular value m the treatment of sul- 
fonamide-, pcnicillm- and streptomj’cin-rcsistant infections. In some in- 
stances, it has exerted a synergistic olTcct with peniciUln m the treatment 
of resistant staphylococcal mfeetion,? and syphilis. In the treatment of 
chronic progressive cutaneous gangrene, bacitracin has been superior to 
penicillin, causing arrest of the process and permitting spontaneous res- 
olution beginning within forty-eight to seventy-two hours Infections 
produced by the hemolytic staphylococcus, the hemolytic streptococcus, 
pneumococci, gonococci, meningococci and anaerobic cocci ore usually 
susceptiblo to its action. 

In my own studies*’ and in those of Sandusky,** bacitracin has been 
found to be verj* effective in the arrest and control of experimental gas 
gangrene produced m guinea pigs Wlien administered omllj’ in dases 
from 10,000 to 40,000 unitscvco’ hours, intestinal infections produced 
by the Endamooba histolytica have been i^uc^•e^sfully treated, the or- 
ganisms disappearing from the stool m approximately forty-eight to 
sGventy-tw o hours 

Further refinement uitli a rciluction of tho nephrotoxic factors of 
bacitracin are nccessarj" before the drug will be acceptable for general 
clinical u^c and before it can be distnbutcil mdcly for this purpose. 

POLYMIXW (AEROSPORTN) 

General Considerations.— PoljTniMn is a polypeptide of varuible 
ammo acid content derived fiom cultures of tho HacLUiis aerosporu? 
w hich is also known as tho Bacillus polyTTO'xa F our types luive been iden- 
tified, A, B, C and D Po^Tnixin B la the typa avaikible for clinical ex- 
perimentation IMien originally dcscrihtxl by .Vinsworth, Brown and 
Brownlee,” it was designated as Acrosporin or Bacillo'^porin. Stansley 
and others'* reported tho extraction of poljTnixm from cultures of Bacil- 
lus polymiTca Later it w’as dctcrmineil that tho Bacillus acrospoms and 
tho Bacillus poljTnyxa are one and the same organism, and it has been 
agreed among the principal invest^^tors concerned that the various 
antibiotic agents derived from this biicterium licnccforth will be desig- 
nated as pol 3 Tnixin A, polymixin B, etc. Tho most promising one, poly- 
mixin B, has a highly selective antibacterial activity for gram-negative 
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bjiclpriii, Us antibacterial cfTiciency for such organisms being similar to 
that of streptomycin (Table 2). 

One distinct advantage of poljnnmn B is the lack of resistance de- 
veloped bj’ strains of bacteria subjected to its action ; a factor which is in 
definite contrast with streptomycin. Polinnixin B is readily produced, 
relatively stable, and has a Bcloctivc action of high intrinsic potency.'* 
Weight for weight, it is said to have essentially the same order of chemo- 
therapeutic activity against gmm-negative bacteria as penicillin has 
against the gram-positive. It is unique as a chemotherapeutic agent in 
Us romatkable specificity for gram-negative bacteria only, which dis- 
tinguishes it from all other antibiotics thus far reported. Polymixin is 
bactericidal in action, not bacteriostatic- Time of exposure, the number 
of bacteria, and the concentration of poljTnixin affect its antibacterial 
property. Some evidence has been presented that poljTnixin may not 
be detectable in effective concentrations in the bile, urine, or cerebro- 
spinal fluid after its parenteral injection, altliough this has not been 
proved. 


TABLE 2 

Bacteria Srksitive to Polymixin B 


II iofluenzac 

A. ftcrogcncs 

11. pertussus 

Pseudomonas pyocyancus (some strains) 

B. typhosus 

Vibriou coleri 

B. paratjTihosus 

B. dyscntcriae 

E roll 

B. tutarense 

N. catarrhalis 

B. pcstis 


Administration and Dosage. — ^Parenteral administration is necessarj' 
for the production of adequate antibacterial levels in the circulating 
blood and tissues, ^\^len injected intramuscularly, it is readily absorbed 
and adequate levels are produced in the circulating blood for relatively 
short periods of time, maintenance doses being necessary every four 
hours. The parenteral dosage recommended is usually 8 mg. per kilogram 
of body weight everj’ four hours. When given orally, polymixin is not 
absorbed in significant amounts from the alimcntaiy tract, but it is effec- 
tive in greatly decreasing the number of intestinal bacteria of the gram- 
negative variety. It has been used effectively when applied topically in an 
ointment base of carbowax or in saline solution to areas infected by sus- 
ceptible bacteria. 

Untoward Effects. — ^Tenderness and pain occurring at the site of in- 
jection have been slight or of moderate degree. In about one-third of 
my cases treated with full therapeutic dosage, some evidence of toxicity 
such as vertigo, headache, albuminuria and hematuria occurred. When 
used topically, no evidence of toxicity has been noted 

Laboratory Control. — Urinalj'sis should be done preceding the onset 
of poljTnixin therapy and daily for the first three days. Thereafter, 
urinalysis may be done every third or fourth day. Phenolsulfonphthalein 





1202 


W. A. AI.T£31£IEII 


and blood uroa nitrogen determinations should be done when indicated. 
Usiially vre have also made complete blood counts at least every third 
day while the patient ^\as under polymixin therapy, although we bai’e 
not discovered any evidence of toxicity by this means. 

Clinical Indications. — Pol>’mixin may be used alone in the treatment 
of infections produced by gmm-n^tivc bacilli such as E. coli, A. aero- 
gencs, E. typhosus and N catarrhalia. In the therapy of established sur- 
gical infections produced by gram-negative bacteria, we have found it 
in general to be somci\hat less effective than streptomycin, although our 
experience has been limited. In the management of gram-negative bac- 
terial bacteremias and mixed infections of wounds, sati‘«factoj^’ responses 
were obtained. It may also be used in combination with penicillin or 
other agents in the treatment of mixeti bacterial infections of wounds. 
The general clinical use of polimaixin w-ill not become wide.spread in all 
probability unless means of decreasing its toxicity and of increasing its 
antibacterial effect arc developed 


TABLE 3 

MicnooRaAsisas Sensitive to Awbeomtcin 


Meningococcus 
Gonococcus 
Pneumococcus 
Staphylococcus aurous 
6taph>lococcus albus 
Streptococcus faevaha 
Streptococcus mitis 
E coll 
A aerogcncs 
Br. melitcnsis 

Undetermined 


II intiuenrae 
D typhosus 
B paratyphosus 
B tularcnse 
N catarrhalis 
B. djsentcriac 
B faecalis alcaligcnes 
Borrclia novyi 
Treponema paUidum 
Ilickcttsia rickcttsi 
number of viruses 


AUREOMYCIN 

General Considerations. — Aurcomycin is a particularly promising new 
chemotherapeutic agent. An antibiotic agent”- ** recently derived from 
a strain of Streptorayces aurcofaciens, nuroomj'cin is a[ moderately 
stable powder which remains effective in water solution in acid pH. but 
which deteriorates rapidly in alkaline solution. It is elTcctivc against 
actively grow-ing bacteria and inclTective for adult or resting bacterial 
cultures The antibacterial activity of aurcomycin is relatively unaffected 
by anaerobic conditions and greater in acid medium Bacterial resistance 
to it does not develop easily in vitro. It has an antibacterial activity 
against a large number of bacteria in vitro, being equal to that of strepto- 
mycin against most gram-negative bacilU and less than that of penicillin, 
bui more than that of streptomycin against most gram-positive organ- 
isms. 

Proteus vulgaris and Pseudomonas neniginosa arc relatively resistant 
to its action. It manifests equal antimicrobial activity against penicillin- 
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sensitive and penicillin-resistant gram-positive pyogenic cocci as well as 
against streptomycin-sensitive and streptomycin-resistant micro- 
organisms. It is also active against streptomycin-dependent bacteria. 
There is increasing evidence of its antirickettsial and antivirus activity. 
One very significant characteristic is its ability to attack microbes such 
as viruses \s’hicir arc located inside the cell membrane of human cells. 

Methods of Administration and Dosage- — When administered orally, 
aureomycin is readily absorbeil from the gastroenteric tract into the 
general circulation^ and effective antibacterial levels are readily produced 
in the blood and tissues.^*' ** After the oral administration of a single 
dose of 0.75 to 1 gm., a therapeutic blood level usually is rapidly pro- 
duced and maintained at a rather constant level for twelve or more hours. 
Detectable concentrations of aureomycin may persist in the blood for 
twenty-four to thirtj’ hours,” indicating that this antibiotic substance 
is excreted more slowly than anj' of the previously reported agents. In 
patients receiving repeated doses of 750 mg. every six hours, blood levels 
of 2 to 8 micrograms per cubic centimeter is maintained. 

From the blood stream, aureomycin is diffused readily into the cere- 
brospinal fluid, pleural fluid, bile and peritoneal fluid. It is readily and 
constantly excreted by tlie kidneys, and high concentrations may bo 
developed in the urine in two to sixteen hours after administration. It 
may also be injected intravenously, there being a 5:1 ratio in dosage 
between the oral and parenteral methods of administering this agent. 
The oral dosage employed varies with the infection and the treatment, 
but in general it has been approximately 50 to 100 mg. per kg. per day. 
For the average adult, dosages of 500 mg. every four hours or 750 mg, 
every six hours are usually effective, the duration of treatment varying 
with the individual infection (Fig. 472). 

In general, the oral method of administration is preferred, but in- 
travenous administration may be desirable when a high level is w’anted 
at once or when absorption from the gastrointestinal tract is not possible 
dunng the postoperative state or for some other reason. Aureomycin 
' blood levels may be augmented by the oral administration of caronamide. 
Untoward Effects. — Pharmacological studies in animals indicate that 
the toxicity of this drug is extremely low except after intravenous ad- 
ministration when hemoglobinuria and anemia have been observed. No 
reports of anemia, jaundice, azotemia, drug fever or agranulocytosis 
have been noted in patients. Nausea and vomiting occasionally occur. 

The intravenous administration of aureomycin may be followed by 
local thrombophlebitis in 30 to 40 per cent of the cases, depending upon 
the duration of therapy and the dosage. Chills and fever occasionally 
iiave been seen. No serious effects, however, have been noted. 

Laboratory Control. No specific labratory procedures ate recom- 
mended at the present time for the detection of toxic manifestations to 
this antibiotic agent. 

Clinical Indications.— The full clinical potentialities of aureomycin are 
still undetermined. It is indicated in the treatment of many gram-posi- 
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live anti gmm-negative sumicai infeckion^ as tvcli aa in various rickettsial 
and virus infections. It is of particular value in the miwiagemcnt of pent* 
cilli'n-, stroptomj-cin- and aulfonamide-reaistnnt infections. Prehmioary 
c-spcrimeniiri and clinical observations in acute septic peritonitis secoud- 
arj' to inflammation or perforation of the gastroenteric tract surest that 
aureomycin is a valuable adjunct to the indicated su^rj'.*' It is equal 
to streptomycin in the treatment of many gram-negative infections, and 
apparently superior to it ia the therapy of urinarj' tract infections. It is 
le^ effective than pcnkiUin but mote cffcctiv'C than streptomycin in the 
managemont of gram-posil»vc bacterial infections. It has been shown to 
bo of value in the rickettsial and virus infections, including atj’pieal 



Fir 472 — D M , s 44 year old while man, devclopetl aeule cholanKilis four 
montlw afti'T cHoWcyaicclomy and exploretjoti of common iluct. Treatment with 
aureomycin was follow cd by prompt improvement with rapid fall of tcmjwrature 
and pulse, diaappearancc of ciwlU, and tivxtVed but ineoraplcto elcatinRot laun- 
dice 

pneumonia, tJTJliua fever, Rftckj' mountain spotted fever, and psittaco- 
sis. This antimicrobi.'U agent w’lU untloubfodJy bo a valuable addition to 
tlie ftcld of chemoUicrapy. 

CHLOROMYCETIN 

General Considerations. — CWaromycet'm, or chloramphenicol, is a 
now and exceedingly promising antibiotic agent tvhich has been derived 
from cultures of the gpocies Strcpt(Mny«a vencjuielac.^' ** Originally 
it was isolated from a sample foil collected in a mulched fickl near Cara- 
cas, Venexurfa. It has a marked antihacteri.'U activity against a large 
number and variety of mlcroorpmisms in vitro.® {Table 4) 
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The antunnis and antirickcttsial activity of Chloromycetin has been 
ver>’ effective and significant.”* ^ 

Chloromycetin shows remarkable nctinty against the gram-negative 
bacteria including many of those in the colon-tj’phoid group, being ten 
to tliirty-five times more active than penicillin. It showed less activity 
against the tubercle bacillus than streptomycin, and much less activity 
than penicillin against the gram-positive cocci. In our recent experience, 
however, the antibacterial activity of chloromycctin for gram-positive 
cocci and gram-positive bacilli has been greater tlmn originally antici- 
pated. It has no significant effect against protozoa and fungi. 

Methods of Administration and Dosage. — Chloromycetin may be ad- 
ministered orally or parcntcrally, but only the oral route is recommended 
at present. After its oral administration, it is readily absorbed from the 
intestinal tract and adequate antibacterial levels are produced within 


TABLE 4 

MicnoonoANtSMs Sensitive to Chi-oromycetin 


£. coU 

Borrelia recurrentis 

A. aerogenea 

B. Uyscntcriae 

B. typboaus 

Itickettsla prowazeki 

B. paratyphosus 

Rickettsia riekettsl 

Proteua vulgaris 

Rickettsia orlentalls 

H. pertussis 

Rickettsia mooseri 

Br. suis 

Psittacosis virus 

Br. mcliteosis 

Lymphogranuloma virus 

Salmonella entcritidis 

Atypical pneumonia virus 

B. tularense 

Staphylococcus aureus 

N. catarrhalis 

Staphylococcus albus 

Pseudomonas aeruginosa 

Streptococcus hemolyticus 

(some strains) 

Streptococcus viridans 


D. anthracis 


Pneumococcus 


thirty minutes in the circulating blood. Therapeutically active levels 
persist in the circulating blood for four to eight hours or more after a 
single oral dose, the maximum level occurring at the end of two hours.^* 
It is readily and fairly rapidly excreted by the kidneys, and high concen- 
trations of the agent occur in the urine. 

The dosage recommended at present is the result of clinical experience 
gained thus far. ^Vhen used orally, the initial dosage usually is 50 to 75 
mg. per kilogram of body weight’foUowed by 0.25 gm. eveiy three or four 
hours (Fig. 473). In adult patients with peritonitis and other severe 
mixed infections, we have used 0.5 gra. eveiy four hours effectively. The 
use of small or inadequate doses may increase the possibility of relapse. 
The duration of therapy may vary with the type and severity of the in- 
dUndual infection (Fig. 474). 

Chloromycetin may also be administered parenterally by the subcu- 
taneous or intramuscular route. Since the agent is relatively insoluble in 
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water, it has been administered in experimental animals in 20 or more 
per cent poIycthylenc-glycol solution. ^^Ticn administered parcntorally, 
the effective dose is usually one fifth that of the oral. Until further 
experimental evidence is obtained, however, the parenteral injection of 
Chloromycetin is not recommended for the treatment of human patients. 

Laboratory Control. — No specific laboratory tests arc recommended 
for the control of the administration of Chloromycetin at the present time. 
Until more information regarding this agent is gathered, hemoglobin 
levels, blood counts and urinalyses may be used as safeguards. 



Fig. 475. — lUustratiag the effect of Chloromycetin in lymphopathia venereum. 
L.M., a Negro woman aged 35 years, was admitted to the Cincinnati General Hos- 
pital on March 8, 1949 with chronic lymphopathia venereum with large intra- 
abdominal granuloma and rectal stricture. Site of the largo granulomatous intra- 
abdominal mass at start of Chloromycetin therapy is delineated by white tape. 
Two weeks later the mass had become much smaller as indicated by smaller circle 
outlined by tape. At the end of four weeks the abdominal mass had disappeared and 
area of rectal stricture easily permitted passage of one finger. 

Untoward Effects. — Chloromycetin is particularly remarkable as an 
antibacterial substance in that it has produced practically no toxic mani- 
festations when administered either orally or intramuscularly within 
dosages of 50 to 100 mg. per kilogram of body weight per day. When it 
has been given orally to clinical patients, we have not noted nausea 
vomiting or other signs of toxicity. The drug has thus far not produced 
sensitivity reactions, but it is almost inconceivable that this record con- 
tinue indefinitely. Experimental animals given Chloromycetin in this 
dosage have not shown significant changes in the total white blood cell 
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.1 lif't p ijtiul u.uuts, 5 i!o<xl siiRar lexxla,and liver function tests. Their 
11' I- ' tr<“(‘ of iiltiumm and casts. 

Cl nical Indications.- Like aureomj'cin, Uic clinical potentialities of 
' ' I'M . nil h.n*- hot liK'Ji ftUly<*vplor«l nsyct. Cliloromycctiniavcrj' 

.iK' m {PMfiiK-iit eifRram-nepaUvebaclcn.alinfections.inmiteil 

I !(■ 1 <it inrun.!' the unnaiy trad, and in typhoid and tv^phus 
. 1 I tii I ipr Ml .< n -pnn-<* of ohronic unnaty tract infections to cliloro- 
. . i I il l- . ti {(Miupt . tiic urine usually liecoming dear in twenty- 
■ ' .t 1 , li f-ti -'ix li'.iir- \S hen pvoRenic coeeal infections arc al'^o present 
1 , , i'in Mil tin lit tin-iH'Kalive mfections, the ii<e of penicillin or the 
ii . 1 , !• '.liu-.i- ih«T.ij>eutM udjuncta is advi'Cil by Jome authors, 

li. - "ii'i'i.trr timt U I- useful m the treatment of sccondarj' 
” . > iiH ,M\-irrh».J mbi'lions, jK'lvjc inflammatorj' infections, 

r Ml- i.v jii ' mUi- .‘inai-rohic streptococcal infections, anti 

1' ‘ riKMurii 175 ). I’rdhninary studies which I liave 

I I ■ ,< :u li RU' u.inRn-ne infections indicates th.st chloromycc- 

■ ii' ' mrr ilmR Ui< proccs.s. In tlie manaRcmcnt of some 

i.'ii I. fit In Rram-nepative bacteria, Chloromycetin 

)( Ilf. .-{Tih me ill m streptomycin. Since it has IitUc sc- 

■,f\ .,11 ij|, bacillia, lioweser, it apparently is consider* 

■ I r i’\< If, u ■' 5 n*p(oinycm m the tre.atmcnt of tuberculosis. 

1. I't' < ' ' ' lii.i in till' treiiment of other virus or rickettsial in- 
i' - ■ .1 . .uii:r ;y it ive not liecn sufRciently explored to warrant 


SUMMARY 

1 “II' ■ ' .'.d * i!«‘« l!^e .uiJihaetenal aRcnts have been dcvdop<^ and 
ri,.iili . 1 ' ..] .i'll for 'iNwmie and topical use. Of llicsc, cldoromycetinand 
in ifc iiijifiK -tionably valuable antibiotic »Rcnt.s which will 
evil III! fill (ii-id Ml .intifucten.ll therapy, and increase its sphere of eftec- 
tivene*,' \\<* li,no Ihtji particularly miprcsstsl in our clinical investiga- 
tion? with tfif low ii)\» ity and rlinicnl effectiveness of both ngents in ft 
wale x.ini'tv o! MiiRical infections 

Hacjtratii! is likewise a wry effective ftRcnt, similar in its action m 
many respects to penjcilhn PoljTnixin holds a position in relation to 
Ftreptomyem that is somewhat sifnilar to that of b.icitracm to pcniciihn. 
However, greater rclincment anil a means of eliminatinR the nephrotoxic 
eiTects iviU be necessary before it will be pos.siblc for cither bacitracm or 
pobmixm to take their place with pcniciHin as really pre.it antib.ictcna 
.agents 

The successful management of surgical infoctioas any of these 
newer antimicrobial eubslances depends larpelj’ upon their correct 
in relation to eurgorj' .and the application of the established principles of 
practical chemotherapy 

Although many other antibacterial aRciits are under study, none ft 
this writing has reached n sta^ of development that xvil! permit i s 
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clinical investigation. Undoubtedly, hmvcvcr, surgery may confidently 
anticipate the introduction of more and effective agents in the future 
uhich will extend the field of usefulness of chemotherapy and aid in the 
control of hitherto resistant or refractive infections. 
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ACUTE CRANIOCEREBRAL TRAUMA 

LuD\na H. Segerberq, M.D * and R. Glen Spuiilino, M.D.f 

The correct management of acute head injuries constitutes one of the 
greatest challenges to present day sui^cty. The magnitude of the prob- 
lem is sucb that it is not now and probably will never be possible for all 
such injuries to be treated by specialists in neurological surgery. It is 
essential, therefore, that all general practitioners and general surgeons 
have a clear understanding of the problem and be prepared to adminis- 
ter proper emergency treatment and to recognize immediate^' the danger 
signals that require the sendees of the specialist. 

Much confusion and many contradictions have appeared in the litera- 
ture with reference to the treatment of head injuries. We shall, in this 
contribution, attempt to clarify these treatment methods and, in addi- 
tion, to review recent advances in the pathology and pathophysiology' of 
acute head trauma. 

PATHOLOGY AND PATHOPHYSIOLOGY 

Skull fracture patterns do not follow the laws of mechanics because of 
the variations in shape, thickness and elasticity of individual skulls. 
The stresscoat technic used by Gurdjian and Lissneri* has 8ho^^’n that 
there is a wide variation in the behavior of skulls subjected to trauma, 
but that there is a sameness noted in the direction of strain. Thus, for 
e.xample, deformations of the skull due to occipital blows are far more 
severe than those resulting from frontal blows. 

Skull fractures in themselves are of little importance except for the 
damage caused either directly or indirectly to the brain or to the cranial 
nerves. Fractures through the paranasal sinuses, the petrous portion of 
the temporal bone, and the mastoid cells are of special importance, since 
an avenue for meningitic infection is opened. Simple depressed and com- 
pound depressed fractures arc of great importance because of the under- 
lying brain damage. The brain scars thus produced are epileptogenic foci 
almost without exception, and clinical epilepsy develops in a high per- 
centage of such patients unless proper treatment methods are employed. 

Denny -Brown and Russell’ have shown that brain damage results from 
one of two mechanisms — compression concussion and acceleration con- 
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rxission. Comprcs'yon concussion is said to arise when the skull subjected 
to trauma is momcntarilj' deformed and distorte<l even though not 
broken, and this distortion impinges on the brain, producing increased 
pressure in some areas and decreased pressure in others. Tlie rebounding 
of the skull to its former shape results in abrupt changes in intracerebral 
pressure with damage to leptomeningeal vessels. Acceleration concussion, 
on the other hand, results from the momentum of the brain within the 
skull as the head is thrown through space and then abruptly brought to 
test. 

The ea^c \rith which lacerations of the bmin occur when the brain is 
forcibly pushed against the irragular floor of the anterior fewsa or the 
’harp < ilgi'S of the greater wings of the sphenoid bone of the middle fossa 
of the -hull is easily understandable. Lacerations of the tips of the tem- 
poral and fnmtal lobes produced in this manner are familiar findings at 
nr'( rop'^> 

Pudonz an'l Sheldon** have showm in their ingenious experiments on 
monkeys with Incite skulls that blows to the head produce rotating, 
e.w irbng movementa of the convolutions of the brain, and thc®c convolu- 
tional patterns vary with the direction of the <li«placcment of the head. 
Mldlino fnmtal and occipital blows rotate the head through a sagittal 
arc, and the resulting convolutional glide is also in this same arc, whereas 
a complex arc of sagittal, horizontal and coronal glides is won in tem- 
poral and parietal lilows Tlicir experiments indicate that the frontal 
lobes of the brain arc relatively fixetl by the anterior fos&i, and Ies.s move- 
ment occurs in them tlian m the parietal and occipital lobes. A similar 
situation exists wnii regard to the temporai lobes and their fixation in 
the middle fo^?a of the skull, 'lids fixation of frontal and temporal lobes 
subjects them to gicater shearing forces, and n'sulta in local laceration 
of cerebral tissue and bloo<l vessels. Thew rotational glide obscix’ations 
explain the contrecoup injuries more logically than previous theories. 
Pudenz and Sheldon’s** experiments are especially convincing since 
they are documented by lugli apeoil cinematography through the 
lucite calvarium. 

For many years cerebral edema has been postulateil as a frequent cause 
of death. In fact, the vogue of dehydration therapy resulted from the con- 


ceded by intracellular hydration, 8ta.ria of blood, anoxemia of tissue, 
endothelial damage, etc. 

Shapiro and Jackson*'* m a scries of measurements of the water content 
of traumatized brninq have concluded that although there is cercbr.'il 
aw’eiling, tlie increase in volume is cauM?d by ventricular dilatation ana 
venous engorgement. Windle, Groat and Fox** performed accurate de- 
termination of the water content in guinea pig brains usingwater-togge 
animals for controls, and showed bmin oclcma after concussion to be 
slight. Rand and Courville® point out that swelling of the brain is due 
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to hydration of the cells themselves, or to excess fluid in the ventricular 
and subarachnoid systems. They feel tliat there is an increased secretion 
of cerebrospinal fluid due to an abnormal activity of choroidal and epen- 
dymal cells following trauma. 

Scheinker** has repeatedly emphasized the importance of the term 
“cerebral swelling” rather than “cerebral edema.” His concept of 
vasoparalysis, as first suggested b3' Friedman,'' is the pathophj’sio- 
logical explanation of cerebral swelling. That there is a definite cer- 
ebral vasomotor control has been clearlj- demonstrated bj’ Forbes 
and Wolff.'*’ Scheinker has elaborated upon this, and has suggested that 
following injurj’ there is a paral3^is of the cerebral vasomotor nen'es re- 
sulting in vasoparalj’sis. The resultant stasis of blood flow produces 
anoxia of cerebral tissue, and cerebral swelling results from this as wellas 
from venous engorgement. Diapedcsis of blood results from the engorged 
veins as a result of the increased pressure and the effect of anoxia on the 
vascular endothelium. The white matter, because of its rclativelj’^ poor 
vascularity, is involved to a much greater extent than the grey matter. 

This increasing cerebral volume is of great importance clinical^', for 
herniations of the uncus of the temporal lobes through the tentorium 
cause varying degrees of pressure upon the brain stem and hypothalamus 
— one of the most frequent causes of death in head trauma Herniation 
of the brain stem produces engorgement of the vessels of the midbrain. 
It is this pressure effect upon the tegmental portion of the pons which 
produces decerebrate rigidity. The state of decerebracy is an ominous sign, 
and one which has usually in the past defeated all treatment methods. 

Kahn*® has sho^\Ti experimentally the disparity between intraventricu- 
lar and cisternal pressure in water-loj^ed animals. He consistently found 
an elevated intraventricular pressure and a normal or only moderately 
elevated cisternal pressure. His experiments indicate that transtentorial 
herniation had resulted in blockage of cerebrospinal fluid circulation at 
the incisura. He also found that decreasing intraventricular pressure im- 
proved the respiration and circulation, whereas decreasing cisternal pres- 
sure aggravated greatly the embarrassment of these vital functions. 
These observations are of extreme clinical importance, since lumbar 
puncture has been advocated by some as a treatment in cases of brain 
injury. 

: Cerebral concussion has been defined as “an immediate traumatic 
paralysis of reflex functions which occurs m the absence of visible lesions 
in the nervous system.” Windle, Groat and Fox” feel that although gross 
pathological changes cannot be seen, there is a characteristic chromatoly- 
sis of neuronal cells following concussion. The present explanation for 
the phenomenon of concussion is that following trauma affecting masses 
of nerve cells, there results a depolarization of cell membranes. At the 
instant of impact there is an intense momentary excitation of the central 
nervous system, and following this, suprasegmental extinction of neural 
function results, thus causing loss of consciousness and changes in 
respiratory and circulatory activities. Th^e symptoms may clear rapidly 
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and be followwl by mild confusion, headache and unsteadinobs, jiresum* 
ably as polanzntion of flic cell membranes returns to normal. 

PIAGNOSTIC CONSIDERATIONS 

Early establishment of a clinical base-line in each ca.«c is essential in 
order Uiat the future course of the patient may be evaluated. Records 
of the temperature, the pulse, tlie respirations and the blood pressure 
should be kept, for thc^e vital signs are an invaluable inde.v of function 
of medullarj' and midbrain centers. Kurscs should be particularly warned 
that any significant change in these vital signs should be reported to the 
physician immediately. 

Evaluation oj the consaous latl is of fundamental importance in prog- 
nosis and treatment The classification of consciousness suggested by 
BottcrelP is a useful one He suggests the terms coma, semicoma, and 
confusion to describe the conscious lei'els Coma denotes a stale of ab- 
solute unconsciousness uith no response to any form of stimuli. The 
activities vhich he below the level of consciousness such as swallowing, 
pupillarj’ reflexes and tendon roflc.xe8, X'arj* with each comatose patient 
and should bo recorded Semteoma is (he state of unconsciousness in 
which the patient responds to painful Mimuli, such as deep supraorbital 
pressure Confusion (lenotes disturbance of consciousnes-s charactoriicd 
by inability to think clearly or respond accurately to situational stimuli. 
The degree of confusion should nho be specified. Frequent checks should 
bo made of the conscious level, for this one sign is probably the most 
accurate index of the patient's progress 

Scalp lacerations and contusions should be nccumtely recorded. Pulpi- 
tied brain, or cerebrospinal fluid exuding from n scalp wound indicates 
severe laceration of the dura mater and brain tissue. Cprfbrojpmnl 
leaks from the nose or cars arc positive evidence of fracture through the 
antenor or middle fossa with dural laceration. If by oto«copic examina- 
tion a bluish discoloration of the tympanic niembrunc is obscA’cd, a frac- 
ture through the middle fos.^a of the skull is prcsurnptivc. 

Obscrx’ation upon the sise, reaction arid equality of the pupils is of fun- 
damental importance m all p.atients sulTering from acute head trauma 
In fact, pupillary function is only socondarj’ in importance to the state of 
consciousness in following the patient’s progress. Fixed, dilated pupils 
arc usually obserx’cd in only the terminal stages of brain injury. Small 
contracted pupils (unless the patient ha.s previously rcceix'cd morphine) 
are seen in severe medullary damage and arc, therefore, of serious sig- 
nificance. 

Pupillarj' inequality with an impairment of light reflex both directly 
and consensually in the dilated pupil, is due to one of four conditions; (1) 
extradural hemorrhage; (2) herniation of the temporal uncus through 
the tentorium ; (3) tearing of the oculomotor nen*c from its origin in the 
brain stem ; (-1 ) direct injury of the nerx’o in the orbit by spicules of 

Classically, the unilateral dilated fixed pupil should be considered a 
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pathognomooic sign of extradural hemorrhage. It is usually seen on the 
same side as the lesion. The fact that in many instances this important 
localizing sign is caused by other lesions than extradural clot has caused 
some obser\'ers to question its value. From a practical standpoint, hovv- 
ever, it should be assumed that every iMtimt with a unilateral dilated fixed 
■pupil has an extradural clot until proven otheneise. Operation in such cir- 
cumstances is life saving, and procrastination means death ; therefore, we 
believe that eveo’ physician treating traumatic head cases should accept 
the. thesis that ptogeessive unilateral dilatation and fixation of the pupil is 
pathognomonic of extradural hemorrhage — even though there is a taint 
of dogma in the teaching. 

Ophthalmoscopic examination is important in that progressive choking 
oj the optic disks indicates a sc\*ere degree of increased intracranial pres- 
sure. An unequivocal “choked disk” probably requires several days to 
develop, but venous engorgement, retinal hemorrhages, blurring of the 
disk mai^ins, and obliteration of the normal landmarks of the disk are 
valuable signs in determining the degree of intracranial tension. 

fadal nerve function is of importance only in detecting hemiplegia or 
hemiparcsis. In the seraicomatosc or confused patient, one may stimu- 
late grimacing by supraorbital pressure or other forms of painful stimuli, 
and thus evaluate function of the facial muscles. In the comatose pa- 
tient, some reliance can bo made on the finding that tlio check on the 
paralyzed side blows out with respiration more markedly than does the 
cheek on the normal side. 

The motor power of the extremities may be judged in one of several 
fashions. If the patient is confused and restless, one may obser\'e directly 
the manner in which the extremities arc used. If in semicoma, deep suprav 
orbital pressure will elicit a defense reaction of one or both arms and thus 
their strength may be judged with considerable accurac}’. Some informa- 
tion can be gathered by obscr\ung the tonicity of the musculature in pas- 
sive flexion and extension. 

One frequently sees Babinski’s sign cither bilaterally or unilaterally 
following severe head trauma, but unless paralysis is present, this patho- 
logical reflex usually disappears as the cerebral function improves. 

Roentgenograms of the shill and their importance in the earlj’ hours of 
head trauma is a moot question. It is the authors’ opinion that satisfac- 
tory x-rays are of considerable aid, but the difficulty in obtaining them 
when the patient is confused or disoriented far outweighs their impor- 
tance. Roentgenograms during the acute stages of head trauma are only 
of major importance in demonstrating depressed fractures of the skull or 
linear fractures crossing the groove of the middle meningeal artery'. We 
believe that the clinical signs will serve as an adequate guide in almost 
every instance until such time as the condition of the patient permits 
careful radiographic examination. 

The value of lumbar puncture in acute head trauma, both diagnosti- 
cally and therapeutically, has been greatly overemphasized. The dangers 
of lumbar puncture in infratentorial mass lesions were clearly demon- 
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8trate<l by Ilan'cy Cushing.‘ The dangciB in supratentorial lesions are 
not fully appreciated, even by neurosui^eons. Swelling of the cerebral 
hemispheres due to venous stasis and cellular edema produces an ideal 
set of physical conditions for hcmlation of the temporal imcus into the 
incisura of the tentorium. Sudden rclea‘«c of infratentorial pressure by 
lumbar puncture aggravates theuniuitund pressure relationship andmust 
be considered a potential danger in precipitating oraggravating tentorial 
licmiations. 

Lumbar puncture (or mcaaurtnK intracranial pressure has been advocated by 
many authors ns beme a valuable diatptnstie adjunct m head trauma. In restless, 


of the tentorium has occurred, the pressure below is no index of the pre»iure above 
the tentorium because the free flow of fluid through the incisura has been impeded. 
In such circumstances, only the intraventricular fluid pressure would give an ac- 
curate index of the supratentorial pressure 

TREATMENT 

Inflexible routme treatment of patients sufTcnng from head trauma 
is not only useless but dangerous. No other group of surgical patients 
demand such individual consideration. .\Jcrt, watclifu) care pcrhitps 
the most important feature. Smcc iJtc patient’s condition may varj* 
from hour to hour, continuous cflicicnt nursing care is of prime impor- 
tance. For sake of convenience, this section on treatment Is dhnded into 
(1) general care and (2) conditions requiring operative intervention. 
Tlie principles for the gonoml e.arc of the patients who arc not operated 
upon apply equally well to those in whom operative intervention is in- 
dicated 


Gexeu-vl C.\uk 

Establisliment of an unobstructed airway should be the inilia! effort 
in the treatment of any unconscious or semiconscious patient. The bnun 
is verj’ susceptible to anoxemia, and irreparable damage may result in a 
short time unless oxygen in adequate supply is provided and maintained. 
Postural drainage as an efficient method of combating airway obstruc- 
tions in the unconscious patient was fust advocatetl by Coleman * This 
has proved to be one of the greatest a<lvance.s in the treatment of head 
trauma of recent years, llic patient is placed in the head-down position 
and turned on his side so that secretions from the trachea and 
nasophao’Hx drain by the force of gravity. Tliis position is of particular 
importance in profoundly unconscious patients wlicn the swallowing re- 
flexes have been abolished. Tlie secretions may he so tenacious that the 
force of gravity is not enough to remove them. In such circumstances, a 
Buction apparatus attached to a soft rubber catheter is most hdpfu • 
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Once an adequate airway has been established, it is our belief that 
oxygen should be administered to ovciy unconscious patient. The tent 
method is preferable but the nasal catheter technic is adequate. 

Shock. — ^The symptoms of traumatic shock arc obser\'ed infrequently 
in uncomplicated cases of head injury* ^ matter of practical impor- 
tance, if the patient arrives in a state of shock, one should be careful in 
seeking for other injuries — a broken neck, a fractured femur or a ruptured 
viscus. Hemorrhagic shock not infrequently occurs from extensive scalp 
lacerations which have not received carlj' treatment. 

H 3 rperthermia. — ^The hypothalamic centers are particularly susceptible 
to trauma and the heat regulating mechanism is frequently upset. When 
the body temperature exceeds 104“ F. rectally, it is most important that 
every effort at one’s disposal be used to reduce it. The time-honored cus- 
tom of keeping the patient covered with blankets, even though his tem- 
perature may be 100“ F. should be discarded once and for all. ’When 
combating hyperthermia, it is essential that all bed clothing be removed, 
the patient’s body be sponged with tepid water or alcohol and a gentle 
breeze be created with electric fans. In severe cases, it is desirable to cover 
the patient with wet towels, using electric fans to drj' them. In addition 
to these physical measures, small doses of morphine sulfate, i to iV 
grain, repeated every two hours, arc sometimes effectual in combating 
hyperthermia. 

Restlessness. — Extreme restlessness is a disturbing early complica- 
tion of head trauma. If it is only of mild degree, simple nursing measures 
are sufficient. When extreme, it becomes necessary to use sedative drugs. 
Paraldehyde is by far the best and safest drug to quiet the restless pa- 
tient. It may be given by mouth, by rectum or even intravenously. 

The barbiturates arc usually not satisfactory because they may excite 
the patient rather than quiet him. Morphine in conventional doses should 
never be used because of the depressing effects upon the respirator}' 
centers. Physical restraint of the restless patient should always be 
avoided if possible. Too many times restraining measures only add to the 
combativeness of the restless patient. 

Fluid Intake. — The maintenance of a normal fluid intake is essential. 
The dehydration treatment, so popular a decade ago, has, for the most 
part, been abandoned. The objective of the dehydration treatment was 
to prevent cerebral edema. This conception now appears faulty because 
it is probable that cerebral edema does not depend upon the normal 
fluid requirement of the body. 

The average size adult should receive between 2500 and 3000 cc. of 
fluid in twenty-four hours to maintain a normal state of hydration. In 
exceedingly warm weather the level should be 1000 to 1500 cc. more. It 
must be remembered that the restless irritable patient will rapidly dehy- 
drate himself unless an adequate fluid intake is maintained. Fluids are 
administered intravenously for the first two or three days of unconscious- 
ness. Our routine is to use 1000 cc. of 5 per cent dextrose in normal saline, 
1000 cc of 5 per cent dextrose in distilled water and 500 to 1000 cc. of 
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piotciu boUuion eacli twenty-four E»our period. If unconscioutiess pre- 
vails after three daj's, wc recommend the insertion of a nasal tube 
throush which fluids and nourislimcnt arc given every six hours The 
only conlramdicalion to the nasal tulw is the presence of a cerebro- 
spinal fluid leak from the nose or nnsopfiarynx. 

Nourishment. — Adequate nourishment is always a problem in the 
unconscious patient. Intravenous dextrose is adequate for a day or so, 
Imt if the unconsciousness persists, protein deficiencies develop rapidly. 
.\ basic calorw? and vitamin intake rfiouJd lx* maintained throughout the 
illness. 

Oral Hygiene. — Oral hygiene in an unconscious patient is of great im- 
portance and failure to obseix'c it may result in parotitis or parotid 
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vents ilo’i^R and cracking of the mucosa. 

Urinary Incontinence. — In all unconscious patients from Iiead injury, 
urinary' incontinence becomes a problem. If the patient is not too rest- 
less, soiling of the bed may be avoided by llic simple expedient of placing 
a unnal between the log ”” 
continuous drainage of 
catheter Urinao' tract 

bladder irrigations and minimal doses of one ol the sulfa drugs. 

Chemotherapy.~r.very patient with scalp lacerations or w’ith frac- 
tures involving the paranasal sinuses or middle ear, with or without 
corehrospinal fluid leaks, should receive chemotherapy. Also, it should be 
admmisicrctl to profoundly unconscious patients in onicr to reduce the 
incidence of aspiration pneumonia. Wc consider penicillin in the usual 
therapeutic doses to be suflicient in all circumstances unless there is a 



brospmal fluid in concentrations Fulficicnt to rwliice the probability ot 
meningitis. 

Co.NDITIONS IlEQUini.NO OPEUKTIVE InTF.HVF.NTIO'I 

In almost every ease of craniocerebral trauma, one of the most impor- 
tant considerations from the beginning is whether surgical intervention 
is indicted. In spite of the voluminous literature of the p.ast decade on 
conservative treatment measures, the experienced physician is ever 
aware of the tragedies of surgical lesions going unrecognized until the 
patient is moribund. It is Iroc that not one patient out of five requires 
any type of surgical operation; yet, It is the recognition of that 20 per 
cent that constitutes an ever perplexing problem. 

Gunshorand Missile Wounds of the Brain. — ^Theso lesions are of tbe 
greatest irnporlancc in time of ivar but occur relatively infrequently m 
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civilian practice. Tliey constitute ft special problem, and tlioir rarity in 
civilian life hardly justifies the space required to make an adequate pre- 
sentation here. Furthermore, the subject has received thorouRh treat- 
ment in a small monograph recently published hy Matson.” 

Depressed Fracture of the Skull. — When the head is struck by a rela- 
tively small rapidly moving object (i.c., hammer, pistol butt, monkc^*- 
^Y^cnch, bottle or the flying heel of a mule) tlie skull is bent inward until 
it bleaks, and a depressed “c^holl” fracture results. Tlie scalp may or 
may not be broken at tlie site of impact; if it remains intact a "simple 
depressed" fracture results. If the scalp is lacerated through the peri- 
crnnhim a "compound depressed" fracture results. Whether simple or 
con^pound the indications for surgical repair of the depressed bone frag- 
ments are clear. Depres.scd fractures arc usuall3’ associated with localized 
brain laceration or contusion. Prolonged loss of consciousnos.'* is the c.\- 
eeption rather than the rule. 

Treatment of this type of head injurj' is purely mechanical. The scalp 
wound should he thoroughly d^brided, the broken pieces of bone 
removed, the tom meninges carefully rapairod, and the contused, de- 
vitalized brain removed cleanly with suction. Unless ddbridoment is 
complete a corticomcningcal scar will form and sooner or later will act 
as an epileptogenic focus. Such patients arc always potentially' active 
epileptics (traumatic epilepsy). 

Debridement should bo started from without inward ; the scalp, the 
skull, the meninges and finally the brain. The repair of the dura mater is 
an important step. Unless a tight cIo.'<urc can be accomplished by approxi- 
mating the torn edges, a dural graft of the pericranium should be used. 
The bone defect may bo repaired primarily' or sccondaril.v with u 
tantalum plate. The older practice of saving the bone fragments and 
attempting to prop them against each other to repair the defect is never 
recommended. Cranioplasty with tantalum or one of the acrylic re.sins 
has proven highly' satisfactory in thousands of war injuries and is rapidly’ 
replacing the usual bone graft technic in civilian clinics. 

Simple depressed skull fractures require surgical repair in most in- 
stances becaus^f the underlying brain damage. Electroencephalography 
is an importJflu aid in determining which of these cases should be 
operated upon. If abnormal waves are found beneath the fracture site, 
the fractured skull should be repaired. If the tracings arc normal and the 
skull fragments are depressed but slightly’, then surgical inten’ention is 
not indicated. 

Extradural Hemorrhage.- — Of all the serious complications of head 
trauma, extradural hemorrhage should Ire the easiest to recognize and 
the most satisfactory' one to treat. Yet, in most of the large clinics the 
mortality from this lesion varies from 30 to SO per cent ! Tin ce factors arc 
responsible for these unbelievably bad statistics; first, failure in diagno- 
sis ; second, delay in operation once the lesion is suspected ; and third, the 
frequency of severe associated injuries. 

The classic symptoms of extradural hematoma ui c as folio na - 

2 ^ ' 
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ticnl !■< or rrntirml tjttctm'>riini<» for n few numitt-* the 

Itp.td. Uo m:iy nrover completely or may ctimplam of hcmlarhc, fK'rij.'ips 
n:ui‘e:i. or ii fci'litiR of fuinttiC'^s . iit any wte. he UMially brcome-wlioniil 
fora wliilc after the blow fhioi«| tnter\'ai). IVithm an hour or vo hi-^ men- 
tal faculties iMTome tliill ami he feeUtlrottw Sltvp steaihly pro^n-<>e> to 
roma. ttitii *‘tertonni'< hreatluiiR ’flte piil-e liecome^i iiml the hlotnl 
ptt'v'Un' cl(*\ ate<l 

'Hicre i* U'oally p\tflme'>'t or wift imltinition of tlie walp atul tcmiKjnil 
iini'clr tn the virtnily of the blow to llie Jm*;»iI. 'Hjc pupil otj ilto injiiml 
ptde is U'-nally larjier than nonnal and may he «iilely ililatetl ami fixeil. 
'Hip contndatera! ann ami leg nuiy Ik* weak, ami a iHt-iitve nahm'ki 
n*'j>on"<* may Ik* pn*?ettt < kYaMonally, jackMauan ronvul»ions may 
tK’ptir 

If films of the ^kull h.u e Iks*i» made immesliately follow iag the mjnn', 
it IS u-'iially found that tiiere |s n lm«*nr frartiin* m the temporal fosvi. 
tiie fnielim* hue u-iially passinp nrrt»ss the mahne meninceal rokw e. 

.\ti extnulural hematoma ttMially nn-en from laremtion of (he middle 
tnrninEi‘:vl arterj-, hut any of tfie memtijn-.il \t— K*ts or even tlie diiml 
t'Utuse!* mav he ton\ and thus proiluee an o\tmilunvl clot cither tner the 
ecrchml liemi'phcres or oxer tlie t'creliellmn 

hike any other ehnieal syndrome, all the rbvMc .sijm- ami eymptom-* 
of eximduml hrnu\t<ima are not imaruihli. pn*M‘nt Tor mstanei*, the 
patient maV never n*Eam eons* wnisness after the blow an occurrence 
fre<picntl> Mxai when there is ^e\cr^* avKiciaieil lirain injurs,’. 'Hie lucid 
mterx al mas he prolonmsl . in faet. the hrsi ^i 2 ^l of extradunil clot nuy 
occur se\eral dave afti'r the original tmuma The unilaterally dilatcil 
fi\tsl pupil may he uhvut partinilarly d the hliHshtiR come*' from the nu- 
tenor or pir*ien(ir rnenmceal \«**.scU 'Hicm* variations do cK-cur, hut the 
ila-Mc Hjndromc of evtnvdund hcmorrlwKc is mon* coiistaiU and the 
paltcm and M*«iucni’c of HViiiptoms in«m* cmu’I than m mo't other clini- 
cal entities 

Mortality i-tatistu'!* from e\tnidnnO liemorthaKc will impnive wlieii 
i-arlier di:iRm>sis heeomes the nile ami when ekillfiil surjiical uiterveiition 
is provnletl early once the <lmpios|s has l>een made 

luirlv diaKnoNis cannot lie rxiweteil until every pliy*ician -even tho'<' 
« ho caff lac Ittwl fnnimn pciticnfM only <»ccasK»n;dh — knau s thr*<' rariy 
hytnptoms and sirhs. Since it is impractical to hospitaluc everj’ patient 
who has been unt’onsrioijs for a hhorl iierjtKl, the atlenduiR phvMcian 
►Imuld sit down with a resjxmmhle memlier of the family and pauisfak* 
iiiRly explain the early dariKer npns of this ilnxidisl complication, ^o 
jtnlirnl ic/io /ms hern nnconj>fi<ms from a hrwf hlow fftoiihl Ix" offoicrtf l<» 
shrp hnf/fr t/mn fico /loiirji diinn^ (Ac /imr ni;j/if iciVAon/ /Wn? flcflKw/. 
'I'his is the only way to disunpush lictwcen normal and patholoiiieid 
Mci'p. ^ , , , . . 

'J'he next improvement must pome vvilU earlier tmatmeiit. riiisi'one 
h~>ion in which the hliTpy, altendiiiK wirRism cannot tell his house s-ta" 
to “watch the patient carefully iiml 1 will mx* him the first thins m the 
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morning.” 'Wlicn the classical signs and symptoms arc present, opcralc 
tnthout (May. ’\^^lcn the signs are suggestive i)iit not positive, burr iiolc 
explorations are imlicatod if the patient's condition is deteriorating. 

Acute Subdural Hematoma and Intracerebral Hematoma.— Ilrain in- 
juries sufficient to produce lacemtion of the cerebral .substance u'ith 
hemorrhago occur frequently. Such injuries arc usually contrccoup and, 
as has been indic.ated under the pathological section of this paper, are 
almost entirely in the frontal and temporal lobes. Usually tlic acute sub- 
dural hematoma is a relatively small one ami probably represents only a 
small part of tlie lesion. However, when intracerebral bleeding occurs, 
the liemorrhago may bo of large proportion, con.sisting either of lahed or 
dotted blood. 

All too frequently patients with such Icsion-s arc morihimd when they 
arrive in the Jio.spitaI. However, in u patient showing progrchsivciy 
deepening coma and a change in vital signs, indicating incrca.sed intra- 
cranial pressure, or evidence of progressive neurological di’sfunction, 
intracerebral bleeding should be s\ispcctc<l and burr liolc exploration 
made. It is often impo.s.sibIe to distinguish between extradural, subdural 
or intracerebral licmalomata preopcrativcJy. The dilTcrcntiation of tliem 
is of academic interest only, for all thicc lesions demand prompt surgical 
exploration. 

Chronic Subdural Hematoma and Hygroma. — The clas.sificatton of 
acute and chronic subdural licmatoma is not a particularly satisfactory 
one. Acute hematomas arc usually associated with cerebral laceration 
and more diffuse brain injuiy*; whereas, chronic liematomas may result 
from minimal injurj’ and with little or no actual cerebral damage. A slow 
progress of the latter is the determining factor. The pathologj’ of chronic 
subdural hematomas postulates tearing of the veins bridging the cerebial 
cortex to the sagittal sinus. Pudenz and Sheldon** observed tearing of 
these vessels visually through the lucite calvarium in monkeys. It is 
logical to assume, therefore, that any condition that gives rise to a greater 
gap between the sagittal sinus and the leptomeningeal attacliment of 
these veins will add to the likelihood of these lesions, i.o , cortical atrophy 
from alcoholism or the usual vascular changes of old age. 

Laceration of veins as they traverse the subdural .space permits an 
accumulation of blood in the space to the point where the venous pres- 
sure and the pressure within the hematoma are equal. At this point no 
further bleeding occurs. The arachnoid acts as a semipermeablo 
membrane and thus permits cerebrospinal fluid to enter the subdural 
space by dialysis, since the protein content of the hematoma is much 
greater than that of the cerebrospinal fluid. The expanding subdural hema- 
toma is progressively encapsulated by a membrane of mesothelial cells 
The s>TnptomatoIogy of chronic subdural hematoma is frequently not 
distinguished from that of brain tumor. The trauma may have been so 
mconsequential that it had been overlooked by the patient or his family. 
The major complaints are those of increasing headaches and mental 
dullness progressing to somnolence. Convulsions or hemiparesis may 
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'i'hc urr {Jkw «f inlnicrafu'al pri'v-urr' Midi 

«H pnpilUtlomn, dowinu of tin* pul'*- niti*. atiil pr.nluul iti(iva.«o in tho 
ssystolip Ii[<kkI pn^'-'iin* 

In mo'l ui'lnncf- tho -piiml nnid dnm-* «n inrrra‘*o of intni- 

!<pmal prrv.iin‘ ami di:inu-fpri-«ftrally (ho flnul will !«• sliplidy \an(|n>. 
vhroniic 

WIinu’MT IV HiiMlural tioinalxiim is Inlatoral burr IioIm 

dtould 1*0 plans! m imth snjwnor toiti|Hini( rvuiotis \ lilnMj disrolom* 
turn of till* vlnra nviti-r i-* u vhiitsirtrnsiic tiiiilini* Kvuriiiition of tht* 
lioinatomn 'Mtli lliuroiinli U\aK«* of (In* iiiicnor of tin* lunilmff inrmliRvnp 
IS all that IS rtspunsl to rflva i u mro (hnisionally, (ho lifinatoma will 
I)P fouinl to l)!‘ Milnlihnl wiili I'lnts. lunl it will Im‘ imp(>»s|l)U‘ to rrmovc 
It ihroiiRli l•\pI^^n^to^\ tmrrhoW In suvh oirvum'tanrcs, tlKMi*ual O'too- 
plastip 1)0110 flap olTors ihr otiK s«)liition to tlio ptol.lcni It r.intint lip 
rniptiisiris! to«> nfion ihai ihi-o h~*niiis ««■ fnaiiicjitly bilateral, am! 
wlion one is mi-jvs tnl, ((ihif« ruf hurr holr^ mu*( ofirnys mnde iritAoii! 
tvrrplion 

SulMlnnil b\i*nnua i' u b'su.n wliu-h divselv ‘imiilati's a tnu* sitlsluRil 
liematoina Tbo li’^ion i' pn-Miiuablv »mws! by a ►m.nil tear in the 
uradinoul whu ii allows m rvl>n«*pin«l fhin! to i*sea;)c into the Milxhini! 
epsiu* Till* small opoiuiiR in the ilim«v iinnlmonl nets as a "b.iU-viihc” 
pemuttniR n-n-l'rosptnal (Imil to «s.,-:hm* into the siiluhinil hpnee httt 
not pemnituiR it lo n-iuni t«» the -tibaniehnoul spaer. Uesth*ssnes!«. 
courIhiik, stufjaii;; or a <on\nl«ioti will forei> Dni.l ni n'lalitely hiiRe 
(inantiiii"* mio ihe *iilxhir.i! sp.m* thnwiRii a vefj -niall tear m the 
aMchnoiii 

'llie ( timeal s> mptoiiis an- siit)i|.ir in r\er>' n'^ixs-t to Mihihir.i! henei* 
toma 'Hu* h-ioii oi-mfsi with all Rnulcs of heml trauma, therv'fort, 
the elimeul sviniininis asstM'iamI with tin* h'sion \ar\‘ fnim p.itieiit to 
patient It shmilil aiwut.s Ik* suvjMs-tnl when an otiierwi'e t-iiioolli 
eoinaleseenee is mternijiieil by sipns of iiirreasinp immeniinal pn-ssure 

Tlie tre.ilmeni is the 'aim* as for elirome snlMhir.il heinaioma. 

Persistent Cerebrospinal Fluid Rhinonhea. The ilauRer of persMeiil 
cerebro-jiiiml fliinl rluimrrluM h:is Us*ii stn*ssevl The rhiiiorrhea wcurf. 
MS a result of ilunil hu eratioiiaetv»mp-inymRfnietun' iIirouRli the anterior 
fossji, and IS usiiall.t imilateRil. It e:m Ik* readily deiuonstraUsl when the 
patient tilts the lieail fnrwani, the dear fluid drippinj; fnim the nose 
drop by drop 

In tlie nuijonty of iijstaiiei*s. ^|Ml|ltlltlnll|s u‘ssali»in of the rhinorrhea 
oeeurs. If it etlll persists after srxm |o ten vhi\ s, operative intervention 
is indieateil. ViRorous projihv l:i\is with mlfudiasiue and penicillin 
diould he made botli preopemiivelv mitl postojieratui'ly. 

,\ile(juale visimlumtum of the anterior fo'S-i hy \-ray is diflieull, 
))iit Usually xlen'oscopie viewa throiiRli the oplie foramina will demon- 
Htmtethefrui-turedte. 

The repair is aecnmphslHtl thmiiRli nm* or two frontal osteoplastic 
flaps. If the fraeture nte eau Im* lateriilirnl, n Mnall frotita! 
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will suffice. If not, a bilateral bone flap injiy be Jt'riuirod. Hie anterior 
fossa should bo explored eKtraduralb’ until the fracture site is identified. 
It may not be po'«siblc to demonstrate accurately the dural laceration, 
and not infrcquently ^\llon tlemonstrated, it is iinpos.siblc to suture 
the tear without excessive damage to the frontal lobe. All tliat is usually 
required to etTect a cure is to place a large graft of fji‘=eia lata, previously 
removed from the patient’s thigh, over the atiterior fossa to separate 
completely the fracture from the duml laceration. 

Tentorial Herniations. — The development of dceorcbnito rigidity 
arises as the result of a mass eeiebral lesion producing tentorial brain 
stem herniation, Tliis condition may occur ulicncver the intracranial 
tension above the tentorium is givatcr than below it, particularly when 
the increase of pressure is nipitl. Kxtnuhiml hematoma, subdural 
hematoma, intracerebral hemorrhage and cerebral etiema are frc(|uently 
complicated by tentorial herniations. But whatever its cause, it is a 
serious complication, the effective treatment of which has never been 
full}' established. When a mass lesion is domon^^ratcd at operation and 
its removal accomplished, pre.sstire relationships arc soon equalizetl 
and the herniation rcducc.s itself .sponlaneousiy. However, if tljerc is a 
mass lesion in one temporal or frontal lobe associated with unilateral 
cerebral swelling, satisfactory methods of combating it have not yet 
been agreed upon. Scheinker^’ h.as suggested ventricular puncture and 
slitting of the fiee edge of the tentorium as two possible corrective 
measures. The foimer is of dou!)tful effectiveness, particularly when the 
ventricle is small. Tlie second is an opciativc procedure of great magni- 
tude, one hanlly suitable for a desperately ill p.atient. Vincent and 
LeBeau“ describe a method of manual reduction of the imcal herniation. 
Their approach is through tljc temporal region and consists of gently 
elevating the temporal lobe until the tentorial notch is reachetl. The 
herniated convolution is reduced manually ami lifted upward and back- 
ward. They record immediate improvement of symptoms following 
this procedure in certain cases. 

We believe that Botterelh has made the most important contribution 
to this phase of operative treatment of serious head trauma. His method 
consists of removing the pulpificd brain in the temporal or frontal aiea 
with suction, thus providing an internal decompres.sion. It is his belief 
that by removing this useless pulpificd brain tissue the cerebral swelling 
is discouraged. Ilis approach is on the inferior and medial suifacc of 
the temporal lobe; therefore, dangers of sacrificing centers of vital 
cortical function arc practically nil. Since these areas of localized brain 
damage are frequently associate<l with intracerebral accumulations of 
blood, this procedure appears to be a logical one, for this not only affords 
the most accessible approach for intracerebial clots but permits one to 
remove the damaged brain tissue and control all of tlie bleeding vessels 
in the immediate vicinity. 

Since the temporal lobes arc most fiequcntly lacerated, the approach 
should first bo directed toward this area. If, after dealing adequately 
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the traumatized area, the intracninial tension is still Hitih, then 
the traumatizetl frontal pole is dealt with in exactly tlic same manner. 

This is surperj’ of great magnitude and should not be attcmptwl 
nn)e.ss one is prepared with all the motlem neurosiirgiral facilities to 
nfTeot perfect hemostasi.s Internal decompressjons of this sort should 
be oonsulcrcd m all patients who are shoiving progressive dotcnonation 
from brain stem strangulation. 


SUMMARY 

Heeent eontnbutions in neiiroph.VMologj' anti neiiropathologj’ per- 
tinent to craniocerebral trauma are reviewetl. The ihagnosis and tre.at- 
mont of head injuries are (hscu':<if<I, and an attempt maile to clarify 
controversial points winch have ap|>earetl in the literature. 
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RECENT ADVANCES IN THE SURGICAL TREATMENT 
OF INTRAORAL CANCER 


Daxkly V . Slaughthk, MJL, F.A.C.S.* and 
Euwin H. Roesek, M.D.f 

The treatment of iiitraoral cancer lias been almost entirely by melliod:^ 
of irradiation since the cfTects of rocntficn ami gamma rays on tumor 
tissue 'Were first demonstrated. Progress in the application of radiation 
to intraoral cancer lias boon steady, ami great strides have been made 
up to the last few years. .-Vt the present time, however, it would seem 
that an impasse has been reached, a point at which no new trehnies 
are being developed and vlicre the end losuU.** of known methods have 
all achieved a monotonous standardization. The average over-all salvage 
rate for jntraoral cancer, excluding lip lesions, is around 25 per cent, 
certainly not more than 30 per cent. These are dismal figures when one 
considers tluit these tumors are situated in one of the most nCL‘es‘'ibIo 
areas of the body. End results for cancer of the skin, iiteru.s, cervix 
and rectum arc much better in those comparably accessible sites. 

Even in selected series of “early” mtraoml cancer the showing is not 
satisfactoo'i failure rates of -to per cent being the lowcbt reported. Tlieso 
considerations have initiated a re-cvahiation of the possibilities of 
surgical attack. These possibilities have been greatiy enhanced Ijy the 
perfection of intratracheal anesthesia, the development of antibiotics, 
and by more complete understanding of the problems of shock, fluid 
balance and maintenance of. circulating blood volume. Due to these 
advances in the ancillao* surgical sciences, \vc are now in a much better 
position to o.xplore more fully the potentialities of surgical attack. 

INDICATIONS FOR SURGICAL TREATMENT OF INTRAORAL CANCER 

Lip Cancer. — ^There is no absolute contraindication to surgical treat- 
ment of cancer of the lip, as far as the local anatomic and tumor problem 
is concerned. There is, however, a nidc range of lip cancers that can 
be equally well treated by adequate irradiation. There are two stages 
of lip cancer ^vhere surgerj’ would seem to be the treatment of choice, 
the very early, and the very advanced and extensive problem. 

It is our practice that no patient is treated by irradiation without a 
biopsy positive for cancer. In the extremely early lip cancer, where 
adequate biopsy will practically remove the lesion, an “e.xcisional 
biopsy” may as well be done, removing the tumor completely so tlmt 
there is no need for irradiation. 
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and Director of Tumor Clinic c* " i • 

tant Attending Surgeon, Preab 
t Ciini'eal Assistant in Surge 



1318 


DAN'ELY V. SLAUCJITRU. KRWIK H. IIOESHU 


In this regard, there is one aspect of lip cancer that has alloivod, to 
us at least, a new approach. Tlierc have been a fair number of patients 
with “early,” verj' superficial, carcinoma of the lip Avhich nevertheless 
occupies a rather wide surface area. Tliesc tumors appear as crusting 
plaques, occasionally witli ulceration, situated in areas of leukoplakia 
and thickening of the vennihon border. Some of the«e areas of cancer 
and precanceroiis epithelial change occupy sucli a wide trunsven'C 
expanse that a classic ^’-c\clSlon Mould remove (lie entire lower lip, 
an obiiously unneccssaiy sacrifice of tU'nie. Microscopic examination 
of serial sections o! snch lesions will often thoiv multiple separate inland? 
of invasive carcinoma mterspetsed in licnign epithelium. Such tumors 
can be most simply rcmovcil by elliptical transverse incisions, excising 
completely all ini’olved epithelium, with a minimum loss of fuih^t.anoe 
of the hp The muco'-a of the inner surface of the hp is tlicn undercut 
and brought fonsard to the skin to rcconstitulc the vcTtnilion bonier. 
Approvimafion of the two c<lgfs uiih fine interrupted sufurcs uill 
leave an almost undwccroililc sear aiul literally no nsjunmetr)' or cos* 
melic defect Such a procciluro allows maximum removal of involveil 
mucosa By ‘'involvcil rmico.'ta” is meant not only declared carcinoma 
hut also the irn-xersiblo pree.ancemus ehange" of atypical hyperplasia 
from which new cancers or “rccurfcnces'' may orisc, This problem of 
muUiccntnc origin i.s more common and of more importance than is 
generally rcalizid Radiation does not seem to eliminate the precancerous 
changes, but surgical removal would seem to eliminate such a tendency 
m the area excised. 

The verv extensive hp c.ancer3 furnish an obligate indication for 
Burgerj', unless only palliation ix intondcil. Those largo, fungating, 
extensile lip (.ancers have a somewhat different natural historj’ than 
the average tumor of this location. They arc of longer duration, slower 
growth, and liaxe a much lower percentage of cervical node metastases 
than do smaller and more rapidly growing tumors. Likewise tlicy are 
more differentiated histologically, and less radiosensitive. These tumors 
afford a great temptation to try radiation therapy, because of the seem- 
ingly brutal extent of surgery and plastic repair involveil. They never- 
theless are surgical profdcms, as irradiation usually resulls in failure. 
They probably represent n form of “vcmicous carcinoma,” a highly 
radioresistant type of mtraoral cancer tlescrilicd by Ackerman.' 

There is a final indication for surgical treatment of lip cancer xxhieh 
may seem philosophical but actually is of verj' real practic.al import.mce. 
This is, relative youth. The clTeets of x- and gamma radiation are both 
permanent and progressive, and in a patient with twenty to forty years 
life expectancy, the late elTccts of cancorocidal do<cs of rmlwtion may 
be verj' feerious and even disastrous. Tins is of timely importance now, 
because of the increased frequency of lip and skin cancer appearing 
already in veterans of World War II, due to overexposure to sunlight, 
particularly in the South Pacific areas. 

Leukoplakia. — Leukoplakia m the mouth is essentially cither a 



SURGICAL TRKVl-MENT OP INTIUOUAL CVNCKU 


1319 


medical or surgical problem. Tlicrc has been much discussion of its 
precancerous attributes, but little definite information has been recog- 
nized. Leukoplakia occurs in many stages of maturation, and is as.‘«o- 
elated with several accompanying pathologic states, such as avita- 
minoses, hepatic disease, Plummer-Vinson syndrome, syphilis, and 
other unrecognized but probably metabolic di.'scase.s. Local irritation 
is a very important factor, but appears to be so only in individuals with 
a vulnerable oral mucosa. These individual variations cannot be pre- 
dicted at the present time. 

For practical purposes, leukoplakia may be regarded in tw o categories, 
the reversible and the irreversible. Tliin, filmy leukoplakia i.s of no 
great consequence and can be reversed toward the normal hy medical 
measures, mainly by avoidance of irritation from tobacco. It is probably 
true that most lenkoplakic areas may be made to regress by medical 
management if it is started very shortly after the inception of the visual 
epithelial change. 

Persistent and long-standing leukoplakia, however, particularly if 
it is palpable, is a significant lesion. After medical management has 
produced all regression possible, residual leukoplakia should be de- 
stroyed, cither by o.xcision or cautery* destruction. There is no question 
in our minds about the procancerou.s qualities of irreversible leukoplakia. 
Whether or not cellular aijiiy can be demonstrated on biopsy at a 
given moment, the danger of the eventual development of cancer from 
this epithelial change is so groat that all such areas should be destroyed. 
Electroeautery destruction is the usual means, but e-vcision of small or 
linear areas, and suture repair, arc often po.ssible, particularly in the 
tongue or cheek. Radiation seems to have no part in the treatment of 
leukoplakia. The differential of radiosensitivity of this lesion as com- 
pared with that of normal mucosa is so sliglit that the use of radiation 
is unwarranted. The authors have repeatedly seen leukoplakia occur 
in the e.\act center of a healed radiation mucositis, whore a cancerocidal 
dose of x-ray had been given previously for epidermoid carcinoma. 

One of the newer concepts of the growth mechanism and reasons 
for the poor cure rate of intraoral cancer is the concept of multicentric 
origin.- It seems probable that many such carcinomas arise from mul- 
tiple foci of origin in a field of preconditioned epithelium These foci 
may or may not be related microscopically, but the occurrence of mul- 
tiple primarj' carcinomas in the mouth is an unquestioned problem. 
The following case liistorj' is an illustration of the interrelated problems 
of precancerous leukoplakia, multiple cancers, and the progre.ssivo 
maturation of persistent leukoplakia into new tumors. 

Otsp T fF..' J.r.i Tt... „ _t , I , diabetic. A cancer 

• 1947 he liad an ulcer- 
■ size of a d\me. There 
, . .he tongue and in the 

rignt buccal mucosa. A suspicious node in the right submaxillary area was noted 
The ulcerated lesion was e.xcised and found to be epidermoid carcinoma Because 
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the leukoplakia \' as bo extensive it couM not be exrisetl and only the more kera- 
tiniteJ areas «ere coagulated Dunng the next few months the leukoplakia was 
penoilically observed tor significant changes Minute fissures and ulcerations in 
the leukoplakia were observed to come and go However, in January 1018 a painful 
ulceration in an area of leukoplakia behind the commissure of the right upper 
lip was excised and found to he rarrinoniu The nren had shown a persistent 



k 


Fig 470 —I \iensive leukoplakia of buccal mucosa I’atient in Case I 

developing new < urcinomas in areas of preconditioned leukojdaWia, it was elected 
to perform only un uj'per neck ihsscotion 

In January lOt't a firm area of ulceration in leukoplakia of the right buccal 


cancer, but probably only for a short {lenod of time 

This case well illustrates (he concept of muUtccntric origin of Uimors 
Five individual carcinomas had arisen from separate areas of pre- 
conditioned epithelium In cases of diffuse leukoplakia it is felt that 
local excision of the carcinoma aa it arises is the treatment of choice 
when possible. It is simple, quick, cfTcctive and of minimal discomfort 
to the patient. It avoids tlic possibility of overlapping or compounding 
tissue injury from repeated k-ray exposure. 
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Early Intraoral Cancers. — ^Therc w a trend back toward surgical 
management of intraonvl cancer because of the rapidity of healing and 
the sliort-torm morbidity fr<)m a cleanly licaled surgical wound as 
compared witli the weeks of mtieositis from radiation. These considera- 
tions arc particularly applicable to the vcr>’ early intraoral lesions 
where an “e.\c*isional biopsy” may as well be ilone as biops}' followed 
by radiation. This is especially true of tumors of the anterior and lateral 
border of the tongue. One great advantage of .siirgerj' over x and gamma 
radiation is that only the ti.s.siies cxcisetl, and the immediate edge of 
the repair, arc damaged or even afleclctl by the treatment. Infection, 
even in the mouth, is a rare complication today. With iiidiation, how- 
ever, of tho type used for cancer therapy, theie is inevitable and un- 
avoidable damage and permanent change in normal li.s.cuc well beyond 
the area of the tumor. .Although this elTect can be minimized by modem 
irradiation technics, it cannot be eliminatoti. This change in normal 
tissues, and tho permanent and progressive diameter of radiation effects 
on tissue, again make.*) youth a relative contr.dndication to irradiation 
of intmoral cancer. 

Cancer of Tongue.— Cancer of the tongue also is being tioatcd more 
and more by surger}* primarily. This is perhaps due simply to dissatis- 
faction with tho accomplishments of irradiation, and it is too early yet 
to evaluate the results of the more aggressive siiigical approacli. It 
should at least ho fair to pro<lict that the salvage rate from surgery can 
be no worse than that from irradiation. There is one aspect of tongue 
canceV in which there is fairly genenxl agreement as to the indications 
for surgery. Tliat is the association of tertiary sypliilis with .squamous 
cell carcinoma of the tongue. Tlie results of irradiation in this gioup are 
e.xecrable, and it is almost universally conceded to be a surgical problem. 
Since about 30 per cent of all patients with tongue cancer have tertiary 
lues, this constitutes no small segment of the over-all picture. 

Cervical Node Metastasis. — No outline or plan of treatment for 
intraoral cancer can bo complete without coihsidcmtion of cervical 
metastatic disease. The concensus is that radical neck dissection is the 
procedure of choice for cancer metastatic in the cervical l^miph nodes. 
No new technics have been developed, however, e.xcept in the combined 
operations, which will be discussed later. The methods, indications and 
timing of neck dissections have been stated elsewhere.*'^ 

Advanced and/or Recurrent Intraoral Cancer. — The major advances 
in tho surgical management of this intraoral cancer have come in a 
group of patients with o.xtensive disease. Two types of clinical problems 
especially have been benefited, lliese are recurrent cancer following 
maximum radiation dosiiges, and squamous cell cancer invading the 
jaw-bone, ^Yhether or not it has been irradiated previously. These two 
problems have formerly been considered liopeless and all such patients 
have died of their disease except an occasional lucky one. In many of 
these patients there is ceiv'ical metastatic cancer which has compounded 
the problem to an impossible degree. 
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A much more aKRressive and lopical surgical approacli has been 
developed A\hich has salvage*! some of thc.se unfortunate individuals. 
This is the operation of the combined neck <lisscction 'vith resection in 
continuity of the mandihie with the involved intraoral soft parts. Tlie 
basis of the technic was dcvijsc*! by Illoodgood in his operation of partial 
neck dissection and cxtcmid resection of the mandible along with the 
intraoral cancer. Today ihU proecilure has licen expanded to comprise 
a radical neck dissection, with removal of the internal jugular vein 
and Siternomustoul muscle, excision of the hemiman<lib!e and removal 
of the attached cancerous lutraurul tissues. The entire procedure is 



(lone “m continuity” as an ‘‘eii bloc” lemoval. A temporarj’ trache- 
otomy should alw ays be effected « illi this proeedum. 

Such an operation was not possible without u prohibitive mortality 
rate until the perfection of intratracheal anaesthesia and the develop- 
ment of antibiotics Today the postoperative loss is reasonable and \\e 
have performed thirty-two such operations with the surgical loss or 
two patients, both sudden cardiac failures, one on the eighth day in a 
patient almost ready to go home, and one on the second day m an ou 
year old woman. Both patients wore doing well up to 
expiration, and neither death was predictable, except that the latter 
could hardly be considered an odds-on favonte for smA’ivjd. 

This combined operation, as outlined, is logical because squamous 
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fell carcinoma is not an oRKrcssively angio-invasivc tumor- It metas- 
tasizes mainly by way of the lymphatics, to the head and neck area. 
It usually kills \)c{orc the tumor has spread below the clavicles, so that 
distant metastascs to lungs, liver and bones arc not a limiting con- 
sideration. 

The technic of the modern “combined operation” has been developed 
mainly by Martin and his associates on the Head and Neck Service at 
the Memorial Hospital in New York City.* They have tlic largest scries 



Fir 478. — A completed radical neck dissection left attached to the mandible. 
The carotid artery, vapas, phrenic, accessory and hypoglossal nerves are pre- 
served. The cheek flap is reflected npward exposing liie mandible. 

of such operations to date Grant Ward has recently reported® on his 
own scries, in which the first case was done twelve years ago. Both 
series have some patients who have survived five j’ears free of disease. 
Our own longest survivors have reached forty-two months at the present 
writing. 

It is apparent that some previously hopeless patients can bo salvaged 
by this technic. This being true, it would seem that the application 
of this procedure to earlier cases of intraoral cancer should in the future 
improve the present low over-all cute rate. 
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Tochiiically the operation oonshts of a formal radical neck di^-^cction 
\ip to the inferior cdj'o of the mandible. The lip in then cut in the mid- 
hne into the month and the mandible w Hiclioneil with a Gi"U saw at 
tiic sympliyMs and snung oulwuitls Tlie soft parts are c\ci'<eil ns neces» 
sarj’, a hemijilo-isectomy !)einj» <Ionc if required. Po'-tcrior tumors in- 
volving the palate can be removoil up to the midline. The hemimandlblc 
IS disarticulated if it i> invaded by tumor or if the lesion Is well posterior, 
othe^ul^e only the horizontal ramus ncetl be rcsoctecl Repair is by 
suture of the medial cut edj»e of tbe intmornl soft parts to the mucosa 
oi the check dap in two layers if possible, with interrupted catfnd- The 
skin daps arc easitv approximatwi and dramcnl. (Sec Figs. 477 to 480.) 



I' IK 4'“' -The miinhtitc and tongwe with its contained tumor have hoen th- 
vnlcil Disarticut Alton of the mandihlc frcca thccu-ldoc tumor mi«i 

nie co-metic and functional defects from such a procwlure arc Ics^ 
than one would anticipate The patients have been those w ith advanced 
disease, usually m older age ffroup'*, and they arc so much better off 
after the procedure than lioforc that they almost invariably refn^ 
secondary operative reron.sfniction. Tliey ore able to maintain and Ram 
weight, and pain is ehmmatwl by tbe operative section of the eer\’ical 
plexas and third division of tbe fifth ncr\T. ?iIost of them hate been 
icstorcd to economic independence and are worklnR daily. In these 
patients with advanced intraoral cancer, any salvage in terms of survna 
time'free of disease is loal and not relative. They have nothing to lose 
and evorj’thing to gain. We ate not. in a position to quote survival rates 
from our own series, but it is apparent that many of these patients can 
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be totally salvaged. Since the salvage rates from traditional treatment 
of intraoral cancer are so low, it is obvious that there must be many 
of these instances of advanced or recurrent intraoral cancer in which 
such an operation would be applicable. 

Cask II— The patient is a 62ycarold white male admitted to the Presbyterian 
Hospital on January 18, 1947. Two years previously, be observed a "sore" in hU 
left inferior alveolar ginsival gutter. lie consulted his physician who advised him 
to have the area treated with x-ray irradiation. A biopsy revealed epidermoid 
carcinoma. He accordingly underwent a course of external irradiation. The lesion 
did not totalb’ disappear, and several more heavy courses of external x-ray ir- 
radiation were administered to the area, each time for recurrent carcinoma. 



Fig 480. — ^Tbe lower edge of the buccal mucosa is sutured to the cut surface 
of the tongue. The vermilion border of the lip and chin flap are reconstructed at 
the midline. 

The tolerance for further irradiation to the tissue was reached. The skin over the 
left side of the face became red, tight and tender. There subsequent^- developed a 
radionecrosis of the mandible, which was bared intraorally over a distance of 3 


patient soon became addicted to opiates and at the time of our first examination 
required 8 to 10 grains of morphine daily for the relief of pain. Further thought of 
therapy had been surrendered and he had been given up as a hopeless and ad- 
vanced case of carcinoma. Needless to state, he presented himself in a pathetic 
state of defeat, malnutrition and weight loss. 


intraorally there was an ulcerating tumor involving the greater part of the left 
3 
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mandible and gingival gutter A furtber aeareb for metastasis was negative 
After five days of preparation, the patient was submitted to a combined excision 
in continuity of the left floor of the mouth, mandible and radical neck dissection. 
The oral mucosa was closed primarjly except for llic most posterior part which 
could not be approximated Iwcause of ft large defect caused from an encountered 
abcp>s An oral fuitula persisted for six weeks The patient is now well an<l clm- 
jcaUj free of diHcasc thirty months following his operation {Fig 481) 



\ n 


1 ig IM H I'l 111 - ,t. L.tlerai view The patient has had ft “combined ex- 
t iBK'fi ' null n movi! uf the mundibtc U, Front view. 

'ill!- ciM' iiiustrutcs the application of the corabirie<l excision of’ 
pnmurj or ici iirr<*ni intraoral tumors in a case that had been considered 
llopel^^^ and I icyond coasideration of further treatment. 

Inlraoral Cancers Other than Squamous Cell Type.— The foregoing 
discusMon has l>eon entirely rolatetJ to the prt^lems of surgical manage- 
ment of squamous ecll caremoma of the mouth, the most commoa 
malignant tumor arising in this area. TJierc are other tumors, however, 
which occur here whoso treatment is surgical. It is not the intention of 
this discussion to cover all tumors of the mouth, but to outline the 
salient features of those in which surreal advances have been made. 

The small mucous gl'md.s lining the buccal mucosa, particularly 
prominent in the palatal area, produce specific tumors wdu'ch miauc 
e.xactly the tumors from, the major salivary glands. The “mixed tumors, 
and adcnoid-cystic carcinomas, or cylindromas, from these nnno^^ 
salivary glands are suigic.al rattier than mliation problems, e'mctly as 
arc their counterparts from the major salivarj’ glands Their mvasit'e 
and malignant potential is not generally appreciated, however. Recently , 
Foote and Stewart^ have dcfin^ a new neoplastic entity from this group 
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of saliviirj' gland tumors wluch may help explain some of the discroi)- 
ancics in results from treatment of the intraoral salivno* gland tumors. 
They have described the “muco-epidermoid” tumor of salivao' gland 
origin nhich is a much more aggressive lesion than the ordinarj’ “mixed 
tumors,” but which resembles them closely superficially. They actually 
behave more like tlie adenoid-cj-Btic carcinomas, a well known entity, 
and arc as radioresistant, Thei' require equally radical stirgoo’. 

Case III-— The patient is a 20 year old \%liitc female «lio observed a slightly 
raised area measuring I by 2 cm. on the oral surface of tiie left hanl palate at the 
age of 17. This u.as clinic.ally diagnosed as o Iiemangiom.a and «as treated with 
two applic.afions of radium of 150 r c.ach. The lesion 8ub«CQUenlIy discippcarcd. 


r 


O’ ‘-O 




Fig -<82 (Case III). — Front view of patient siv days postoperativcly. She iuu 
had a wide resection of the maxilla. Weber-Furguson incision. 


Ilon-ever, mac j ears hater the previously treated area insidiously began to enlarge 
into a prominent mass, accompanied bj' frequent hemorrhages. There was also 
bleeding from the left nostril. An x-rsy examination at this time revealed a cloud- 
ing and expansion of the left antnim mih thinning of the medial wall. 

A Caldwell-Luc exploration of the antrum was performed April 15, 1943. This 
was follow cd three years later by a resection of the hard palate. The next three 
years were marked by frequent hemorrhages from the operative site. Areas of 
recurrences were repeatedly electrically coagulated. During the course of treat- 
ment varying histologic interpretations of the tumor were made, namely, epi- 
dermoid carcinoma, adamantinoma, transitional cell carcinoma, mixed tumor and 
malignant tumor — type unclasst5ed 

February 2G, IftlO, the patieut was admitted to the Presbyterian Hospital. 
Examination disclosed an irregular reddish gray swelUog projecting into the 
antrotomy from the lateral wall of the antrum. A biopsy showed the tumor to be a 
muco-epidermoid carcinoma of salivary gland origin Employing a Weber-Fur- 
gusoD incision, the ma-xilla was exposed and a wide resection performed. A moder- 
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ate amount of hcmorrhaRe was encountered but controlled with a gelfoam pressure 
pack about an inlying intratracheal tube wluch was left in place for eighteen 
hours Recovery was uneventful and the patient was discharged on the twelfth 
postoperative day {See Fig 7 ) 

This case illustrates the futility of temponzing or minor surgical 
excisions in tumors of tliis type of the palate or antrum. The use of 
x-ray or coagulation is mentioned only to be condemned. Although a 
wide resection of the maxilla was performed, her prognosis is guarded 
because of the long history of the tumor and the extent of local invasion. 
These tumors metastasize both to regional noclcs and distantly through 
the venous system but usually kill by local extension and destruction. 
It IS felt that the principle of radical or uide resection of the maxilla 
for tumors m this aiea must lie applied to early lesions if a respectable 
salvage rate la to be achicvc<l. 
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THE PRESENT STATUS OF THE TREATMENT OF 
HYPERTHYROIDISM 

R. S. Dinsmore, M.D,, F.A.C.S., and 11. W. Schneider, M.D. 

The present day lack of agreement regarding the best form of treat- 
ment for hyperthyroidism is due to the fact that each of the various 
cflectivc methods available have significant disadvantages. The ideal 
approach to the problem at this time must include a knowledge of the 
limitations of these methods so that one may apply one or more of them 
to each individual case to the greatest advantage. The introduction 
of antithyroid drugs and radioactive iodine into the field of thyroid 
study has introduced a changing picture into the management of hyper- 
thyroidism which cannot receive final evaluation for many years. It is 
the purpose of this paper to review the present treatment of hj’per- 
thyroidism in the light of current knowledge without prejudice to the 
ultimate place of medical and sui^ical management of this disease. 

SURGICAL MEASURES 

The turgical treatment of hyperthyroidism, whether associated with 
a diffuse goiter of Graves’ disease or an adenomatous goiter, has for 
many years revolved about one principle, the surgical removal of a 
sufficient mass of thyroid tissue to bring the total force of thyroid 
activity into normal range. In adenomatous goiter this approach pro- 
duces an effect which in most cases may be considered a cure. Recur- 
rences following this procedure in adenomatous goiter are rare. In 
Graves’ disease the fundamental nature of the condition is of course 
unknoum, and hyperthyroidism is only one part of the syndrome. 
The hyperthyroidism in itself is usually controlled by removing the 
major portion of thyroid tissue. Standardization of the surgical technic 
in the management of hyperthyroidism, and the preoperative use of 
large doses of iodine in thyroid surgery have led to universally good 
clinical results, with low mortality and morbidity rates. 

In appraising the surgical treatment of hypcrthjToidism, it must be 
realized that this form of therapy requires hospitalization, that there 
is a 2 per cent recurrence rate, some morbidity including such condi- 
tions as injury to recurrent laryngeal nerves and occasional transient 
or chronic tetany, that there is some transient hypothyroidism and even 
true myxedema, and that as with any other major surgery an operative 
mortality rate can be expected. It must be re-emphasized, however, 
that the mortality from competently performed thyroid surgery is now 
extremely low, thanics in no small part to the fact that elderly patients, 
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those Avho are lecognizcd as being bad operative risks and those with 
recurient liyperthyroidism, can now' be handlcil satisfactorily by other 
nonsui^icai means 


ANTITHYROID DRUGS 

Thiouracil. — ^Thc introduction of antithyroid drugs into the manage- 
ment of hyperthyroidism has created a changing picture from both 
medical and operative viewpoints 'riuounicil was the first of a number 
of antithyroid drugs to lie n«ed extensively in the treatment of hyper- 
(hyroidbrn Hefore it was placet! on the open market thiouracil had 
i.c‘''n used in the tn-atment of more than oOOO patients, and had hcen 
ai 'indantlv pimod to ho an effective means of controlling any type of 
\j\ij.utli\ Kiiditni with the IMl^s^blc exception of thyroid crisis in which 
t- t'l'f nn wu'' kh«»wn to 1h> too slow and in the h 5 'pcrmctaholism of 
.1 ‘ miig.iU' wlu'io It appcjirsalsotoliclcsscffcctive. 

I’Ik nio I'l rr^poa«e to UuoumeU is not easily prctUctcd. A fall in 

•a' ’ll' 1 hu'i( rate of I per tent per day is seldom exceeded At the 
' ’j’. -ii I 1 1 'I'lr 'ornc patients fad to show any response of con«eciucncc 
ii\i' montlis, hut later am 'toll controlletl. In general, hyper- 

' - ' Pcd wUh small dilTii'c goiters responds more quickly, 

. - uti-d with large nodular goiters more slowly. The pro- 

' ’I.'. ' ' • "1 Lige do-es of iodine precetling thioutjicil thempy is fre- 

iifr io prompt respon«e. At present, its uve in the troat- 

iiieiii ' i 1 \pi it'ivinidism has bwn abantlonetl largely because it has 
()( en s)i '.III rii.sst'..'. no advantages o\er other lesks toxic antithyroid 
aiog' 

llip ni nil III advantage of thiouracil is Us toxic elTects, such as fever, 
rash, or ".m-i'ii, (x.urnng m 10 to 15 per cent of all patients. These 
reactions uMiu'ii jireeliule its continued um?. Much more serious is the 
agramilocyiu>i' whieli 1ms been seen in 2 to 3 per cent. Death from 
this occurs 111 1] j to 1 per cent. Although the olTectivcness of this drug 
is high, the ruoiiahty rate from thiouRieil is comparable to that of 
thyroidectomy and therefore di<l not replace thyroidectomy in the rou- 
tine management of hyperthyroidi'im. Thioharbital, which is a much 
more potent antithyioid drug, v^as. nlso phown to be too toxic. Aslwood 
and Vander Laan^ refer to patients who had previously exhibited 
intolerance to thiouracil and to thioharbital. Tive jiatients were given 
propyl thiouracil after they had experienced severe febrile reactions 
to one or the other of these two <lnigs. In none of these were untowanl 
reactions obscr\'cd from propyl thiouracil. This experience compares 
favorably with our own. Williams* reported a remission rate of 50 per 
cent in 100 cases of hyperthjTt)idi3m treated with thiouracil. It is 
possible that the general tendency toward early withdrawal of the 
drug because of the risk of toxic effects may have reduced the number 
of permanent recurrences in this group. 

One of the chief advantages of thiouracil was the production of com- 



TBEAT51E.VT OF inTEKTirYJlOIDlS.M 


1331 


plete control of the liyperthyroldism mthout loss of time from work. 
Tlie complications of hyperthyroidism behaved similarly to their 
behavior following thyroidectomy. 

Since thiouracil was no safer than surgery in uncomplicated moderate 
hyperthyroidism, and did not induce remi^ions as often as thyroid- 
ectomy, its greatest benefit was in the reduction of surgical risks in 
bad risk patients. IMien used (1) in .severely tovic patients, (2) those 
with cardiac failure, (3) those who were weak from long-standing 
disease, or (4) in those of advanced age, many became good operative 
risks. In those who remained poor risks, continued therapy \\'as recom- 
mended. By so limiting the use of thiouracil the mortality attending 
thyroid surgen* was reduced almost to the vanishing point, but the 
mortality rate of the drug itself remained uncliangcd. 

It was evident from experience with thiouracil that a safer drug 
was needed, and a number of other derivatives of thiouracil have sup- 
plied this need. Tlie first clinical trials were made with cihyUhiouracil. 
Fourteen patients received doses from 20 to 100 mg. daily. TJiis limited 
trial revealed a high degree of activity, but its further use was abandoned 
because it proved to he a rather difficult substance to synthesise, and 
animal tests revealed the propyl derivative to be somewhat superior 
in terms of antithyroid potency and prolongation of action fiom a 
single dose. Isopropylthiourccil was tried for a limited time as well, but 
had properties similar to the ethyl derivative. Little need be said con- 
cerning para'aminohcmoic (tad which is a weak antithyroid drug pos- 
sessing distinct toxic propensities. 

PropylthiouracU,-^ubsequont clinical trial with C-N-propylthiouracil 
and methylthiouracil have shorni these two derivatives of thiouracil 
to be potent antithj’roid drugs with decidedly less toxic effects than 
obsen'ed from thiouracil, and have largely supplanted it. Astwood‘ 
in the first 100 cases treated with (he propyl derivative reported, found 
four instances of transient pruritis, two of transient headache and one 
of transient arthralgia. One of his patients died during therapy. 
This man, with advanced cirrhosis of the liver, u'as thought to have 
hyperlbyToidism as well, and during tlie course of propylthiouracil 
administration showed progressive licpatic failure. Tlie introduction 
of propylthiouracil therapy did not seem to modify the condition and 
he died in hepatic coma three months later. Astwood felt that his death 
was unrelated to the use of this drug. Among the first 218 patients 
treated by McCuUagh, Hibbs and Schneider® manifestations which 
they attributed to the toxicity or sensitivity to propylthioumcil were 
seen in 7 patients. Three h.ad mild sjunploms and the drug could be 
continued. More severe to-xic effects appeared in four, consisting of 
dermatitis, in one, numbness in another, urticaria in a third and granu- 
locytopenia in the fourth. The incidence of toxic reactions in this series 
was 3.2 per cent, but serious reactions occurred in only 1 per cent. 
Up to the present time we have not seen any increased incidence of toxic 
reactions to the use of propylthiouracil 
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Only 5S per cent show a complete response to 150 mg. or less per day, 
and only 87.4 per cent to doses of 200 mg. or less per day. Although 
some patients respond to smaller doses, a dose of 300 mg. or more per 
day has been cfTective in 90 per cent of the total. We have cnstomanly 
used 300 mg. as the initial routine dose, since this is not more to.vic 
than less clToctive dose levels. 

Patients with hyperthyroidism associatwl with small diffuse goiters 
previously untreated with iodine, react the most rapidly to propyl- 
thiouracil. This type of case is among those which arc likely to respond 
with a permanent medical cure. Tn some instances, however, the thyroid 
continues to enlarge during treatment, accompanied by rising basal 


Concomitant Use of Iodine or Thyroid. — word might be inserted 
here concerning the concomitant use of either iodine or thyroid with 
propylthiouracil. Early in the use of tliiouracil, wc observed failure to 
eliminate the thrill and bruit over the thyroifl by giving desiccated 
thyroid in doses of 2 grams per day in three patients Iodine in doses 
of 10 mg per day did so m less tlian one week. Such small doses of 
iodine did not interfere with the antithyroid effect obtained from propyl- 
thiouracil. There was no significant difference in the rate of fall in basal 
metabolic rates in one group of patients receiving from 10 to 30 mg. of 
iodine per day, concurrently with propylthiouracil, as compared to a 
group receiving propylthiouracil alone. Up to the present tune there 
has been msufficient experience with the uso of large doses of iodine 
given in conjunction with antithyroid drugs Large doses might slow 
the desired antithyroid effects. Thus iodino is to be used to prevent or 
abolish the thrill and bruit which appears in many of these glands, 
tlie dosage employed for the present ought to be small. Astwood, how- 
ever, warns that the use of small doses of iodine concurrently may 
lessen the number of lasting remissions following the use of antithyroid 
drugs One of us has recently seen two patients managed with propyl- 
thiouracil Without iodine who had no evidence of hyperthyroidism 
eiglitecn months after cessation of the drug. 

There is &till no general agreement ns to the most desirable procedure 
to follow once the hyperthyroidism has been initially controlled with 
propylthiouracil. It seems likely that inadequate dosage with only 
partial control of the hj^icrthyroidism would lead to poor ultimate 
results. In addition, it is well not to reduce the dose too soon, but the 
maximum tolerated dose should be maintained as long as is possible, 
rather than reduced as quickly as possible. It has been our practice 
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to maintain the initial dose and to administer thyroid when signs of 
hypothyroidism or mj’xcdema appear, hoping thereby to increase the 
number of lasting remissions. 

Methylthiouracil. — Methylthiouraci! has also proved to be highb' 
effective in the control of hyperthyroidism. Many accounts of its use 
have been published in Denmark, Sweden, England, Australia and the 
United States. The studies of Rlculcngracht and his associates,^-® 
Magnusson and Sorensen,* and Frish’ include the largest serio.s of cases 
studied in the earlier period. 

At first, the drug was considered to have a higher degree of toxicity 
than propylthiouracil, but the amounts used were in excess of COO mg. 
per day. This amount was soon found to be excessive. The Danish 
indicated that the drug retained its high efficiency at a dosage com- 
parable to propylthiouracil. Actually, it was suggested that a dose of 
methylthiouracil might bo found which would be similar to the effective 
dose of propylthiouracil and at the same time be more rapid in control- 
ling hyperthyroidism. Kjerulf-Jcnscn and Mculengracht* conclude 
that methylthiouracil is somewhat more effective than propylthiouracil 
in controlling hyperthyroidism, and when used in comparable doses 
shows no greater toxicity. McCullagh and Sirridge* treated 100 patients 
with hyperthyroidism for from one to sixteen months, using 200 to 400 
mg. per day. In cases of diffuse goiter, the mean fall in basal metabolic 
rate in percentage per week, using 200 mg. of methylthiouracil per day, 
was 4.5, as compared to 4.1 in comparable doses of propylthiouracil. 
Using 300 mg. per day the mean fall of basal metabolic rate in per- 
centage per week was 0.1, as compared to 3.0 in propylthiouracil treated 
cases. They pointed out that the difference is not great, however, and 
that a wide variation in response is present. Toxic effects W’cre recognized 
in only five patients in this series; four of these were mild, and did not 
require interruption in treatment. One patient with a history of purpura 
developed a recurrence of purpura while taking methylthiouracil, but 
the relationship of the purpura to the drug was not clear. 

Astwood* regards methylthiouracil to be more effective than propyl- 
thiouracil in comparable range of dose. He considers 300 mg. of propyl- 
thiouracil to be effective in controlling hyperthyroidism in 96 per cent 
of cases, whereas methylthiouracil is almost 100 per cent effective in a 
similar dosage. 

Mculengracht and Kjerulf-Jensen* reported follow-up obser\’ations 
in 111 patients treated for one year. The doses employed were 250 mg. 
three times daily for the first two to three months, 250 mg. once or 
twice daily during the succeeding few months, with a maintenance 
dose of 125 mg. during the remainder of treatment. At this range of 
dosage, toxic reactions tv’ere encountered in 7.8 per cent of cases, in 
comparison to 1 per cent in the smaller dose ranges employed by other 
mvestigators. Nine per cent of the individuals treated showed genuine 
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relapse, making the remission rate three months after the discontinuance 
of the drug approximately 91 percent. 

At the present time it is not possible to conclude the ultimate re- 
mission rate in the management of hyperthyroidism by antithyroid 
drugs because there has not been sufficient time in follow-up. It has 
been suggested that the ultimate remission rate may well depend upon 
the care exercised in the control of the hyperthyroidism during treat- 
ment, and Astwood feels that in better controlled cases this may reach 
as high as 90 per cent 4Vc have not been this fortunate despite continued 
cfTort to control tlie hyperthyroidism completely or in those m uhom 

Our remission rate 

' I . * • • ■ — 'Hie changes in 

the thyroid following the use of antithyroid drugs in Graves’ disease 
have been studied extensively. Rawson and his associates*® demon- 
strated an increasing hjTiorplasia of the thyroid Mith loss of colloid 
and increase m va<!culanty m all cases, comparable to the changes 
ol)ser\’cd m the thyroid of mis treated with thiourea. DoRobcrtis” 
showed that these goitrogcns worketl by interference with enzyme 
s)’stoni.s ivjthin tlie tliyroid mvolvcxJ in the syntliesis of organic thyroid 
fraction from stored inorganic iodine Under antithyroid agents there 
IS a marked decrease m organic iodine within the gland owing to sup- 
pression of the hormone containing organic iodine. Iodine is absorbed 
but not utilized The mtormption in thyroxine synthesis is believed 
to stimulate thyrotropic activity in the pituitary, which m turn causes 
further hyperplasia of the thyroid. This induced hyperplasia can be 
prevented in the experimental animal by hjTiophyscctomy 

The hypertrophy and hyperplasia of the gland at times is very ap- 
preciable indeed Rarely, howcx'cr, <loc8 it lead to Rulficicnt compression 
of the trachea to be an indication for thyroidectomy. The enlargement 
usually persists dunng the period of this treatment. At times this en- 
largement IS of suincient cosmetic importance to the patient to make 
thyroidectomy the choice Once treatment has been discontinued the 
thyroid may return to its pretreatment size Afeulengracht and Kjenilf- 
jensen* stated that GO per cent of their patients had no goiter at the 
end of treatment , 30 per cent of these had never shown enlargement 
during therapy; 20 per cent had lost whatever enlargement had ap- 
peared during treatment Among the 50 per cent showing an enlarge- 
ment of the thyroid at the end of treatment, there had been a reduction in 
size in 25 per cent, and no change in the remainder. In general, it h-as 
been our experience that enlarging glands during treatment persist when 
the drug is discontinued. We have not seen impressive remissions in this 
group of cases and feel for this reason that glands showing tendency to 
enlarge during therapy are not likely to be cured by antithyroid dregs 

Significant Problems Relating to Use of Antithyroid Drugs.— A 
number of highly significant problems relating to the employment of 
antithyroid drugs in the management of hyperthyroidism remain to be 
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settled. Thyroidectomy, after proper control of hyperthyroidism, re- 
sults in permanent and complete return to health in about 90 per cent 
of cases, and tends to shorten the time of this rocoverj'. In contrast, 
prolonged drug tlicrapj’ is at times difficult, due to poor cooperation 
of the patient; nhen improvement appears treatment may be allowed 
to lapse. Some will sooner or later prefer to have their problem settled 
by thyroidectomy. Unless antithyroid drugs can duplicate surgical 
results, they will not replace surgerj* in the management of the uncom- 
plicated hj'pcrthyroidism of Gnivcs’ disease. At the present time, liope 
for this is distinctly loss than a few years ago. 

In the management of recurrent liypcrthyroidism, however, where an 
increased risk to the recurrent laiy’ngcal nen'es, or the parathyroids is 
significant, their use seems more clearly indicated. Complete control 
of the disease with propyl or methyl thiouracil is usually advised in all 
patients with severe liypcrthyroidism, in all those over 45 years of age, 
as well as in those with complicating factors, such as poor cardiac status. 
Once the disease is completely controlled Lugol’.s solution is given 
prior to operation, and the antithyroid drug is discontinued. It has 
been our impression that Lugol’s solution must be given for from four 
to six weeks in order to reduce the vascularity and tlio friability of the 
gland to a minimum at the time of operation. Tiic patient may bo ready 
for surgery sooner but the “gland is not.” In patients whose hyperthj’- 
roidism is complicated by extreme old age, by cardiac or other disorders 
\\hich will prevent them ever from becoming good surgical risks — even 
after the elimination of liypcrthyroidism— -propylthiouracil or methyl- 
thiouracil may have to be continued indefinitely. 

There remains another group of unsettled questions in relationship 
to the use of antithyroid drugs in the management of hyperthyroidism. 
Wdiether significant histopathologic change will follow the prolonged 
use of antithyroid drugs is still not established. Bartels’* reviewed 1200 
goiters to show malignant change. Three of them were in adenomatous 
goiters and four in diffuse goiters He pointed out that this incidence 
must be compared with that before using antithyroid drugs, before its 
true significance can be determined. Other questions to be settled con- 
cerning the medical management of diffuse goiter relate to the fre- 
quency with nhich the remission rate can be increased by the type of 
associated therapy in conjunction with the antithyroid drug emploj'ed. 
If the remission rate can bo shown to be greater when iodine is withheld, 
this fact will outweigh the importance of eliminating the thrill and bruit 
induced during therapy. Similarly, if more lasting remissions can be 
produced in patients by inducing hypothyroidism (and requiring thyroid 
extract) this procedure would be preferable to dosages only large enough 
to produce euthj'roidism. 


RADIOACTIVE IODINE 

Radioactive iodine is the latest therapeutic tool introduced for the 
treatment of hyperthyroidism. lake surgery and antithyroid drugs, 
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radioactive iodme also has advantages and disadvantages. Its ultimate 
place in the treatment oC goiter cannot bo accurately established for 
many years. It is noiv seven j’cars since Hamilton and Lawrence'* 
and Hertz and Roberts'* reported on the treatment of hyperthyroidism 
with mdioactivc iodine. The experiences of a great many investigators, 
including Soley,'* Hertz and Roberts,'* Chapman and Evans, ” Haines 
ct ah'* and Crilc ct ah'* have cstabhslicd the effectiveness of radio- 
active iodine in the immediate control of hypcrthyronYim. All subse- 
quent studies have continued to confirm this and some patients now 
have been in remission for scTCrol years 

In the earlier years a mixlnre of almut 00 per cent I'*® and about 10 
per cent I'*’ was employed Since the release of 1'*' by the Atomic 
Energy Commi.ssion two years ago thw i'»olope has received extensive 
consideration in the management of hyperthyroidi'^m. A number of 
properties of I'*' make it an attractive isotope for clinical use. It 
dilTcrs from many radioactive sulwlancoa m that its half life is only 
eight days This property is con.sidcrcd to minimize the later ill effects 
due to retention of a long-livetl radioactive substance within the body. 
Furthermore, its safety is incrca.«cd: because of the fact that its radiation 
IS largely in the form of beta mya which do not penetrate tissues for 
more than I or 2 mm Since U is concentrated m the thyroid, it does not 
ca««e demonstrable damage to tj.ssues immediately outside of the thy- 
roid. Cioriiman,*® liowever, has given young mice massive doses of I'*' 
and produced complete destruction of the thyroid, loss of the para- 
thyroids, lesions m the tracheal epithcUuro, and in the recurrent lat^m- 
geal nerve Up to now no comparable clmngcs have been demonstratcil 
m patients and damage lias not liecn reported to the kidneys, bone 
marrow, testes or other organs 

Furthermore, the chemical and pliysiologic behavior of radioactive 
iodine is identical to that of ordinary iodme and the thyroid handles 
It in tlic same way that it does stable iodine. In I\yperthytoidism the 
uptake and concentration of I”* within the thjToid is much greater 
than in the normal thyroid, namillon" estimates a conconlralion in 
the thyroid m an amount 10,000 times greater than in the blow! or in 
any other organ. The isotope is stored ivithin the thyroid until it has 
lost the major part of its radioactivity, after w hich most of it is etcrefed 
by the kidneys as ordinarj’ iodine. For these reasons the amount of 
irradiation received by the thyroid after an average dose of radioactive 
iodine ia much greater than the amount of irradiation which can be 
delivered by roentgen therapy without damage to the skin. The average 
dose of 4 me. by Oak Ridge standard, pven to a patient with Graves 
disease and o goiter weighing 50 gm. which takes up 50 per cent of the 
administered dose, delivers the equivalent of 4000 r to the thyroid. 

r*‘ Is in the form of sodium iodide and is dissolved in water. It is 

. . . • .3 •_ »l.» ^..^..rtnatliprinCUtlC 
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from the ordinarj* dose, but irradiation sickness has occurred when 
large doses are used, such as in the treatment of cancer of the thyroid. 
Among the disadvantages, one of the most immediate relates to tech- 
nical difficulties in distribution and handling. A more important consider- 
ation in the use of radioactive iodine is its possible ultimate carcinogenic 
properties. Although there is little experimental or clinical evidence 
to suggest that intensive irradiation of thi.s nature will be carcinogenic, 
this possibility demands careful consideration. Whether the incidence 
of carcinoma of the thyroid will be significantly altered by its use re- 
mains to be demonstrated, but most authorities feel that it is not likely 
to increase its incidence. None the less, radioactive iodine is largely 
being reserv’ed for use in older patients with hyperthyroidism, or for 
patients with short life expectancies. It is also being used where serious 
heart disease, or other complications, might add considerably to the 
risk of suigical treatment, and for patients with recurrent hyperthy- 
roidism, in whom one or more previous resections of the thyroid have 
been performed, Avhere unilateral paralysis of the vocal cords, or ex- 
tremely small amounts of thyroid remain from previous operative 
procedures. 

The matter of dosage to bo employed is one of tlie major problems 
confronting investigators in tlus field. Up to the present time there have 
not been any uniformly satisfactory methods of estimating the amount 
of radioactive iodine to be given in one dose to effect a euro. Clinical 
estimates of the size of the gland arc no consistent criterion to dosage 
partly because of the inaccuracy of proper estimates, but more particu- 
larly because of the groat variability In the response of different thyroid 
glands to the same dosage. We have attempted to adopt the policy' 
that for the treatment of Graves’ disease the initial dose should be 
one-half to two-thirds of the average dose required to effect a cure. 
When 4 me. are given, about one-half of the patients are well after a 
single treatment, and only 10 per cent develop transient h 3 T)othyroidism. 
The size of the second dose has been gauged on the response of the hyper- 
thyroidism to the first. If the basal metabolic rate is unchanged after 
two months, the second dose may be doubled. If the basal metabolic 
rate has fallen half-way to normal, the first dose may be repeated. If 
the basal metabolic rate has dropped two-thirds of the vray to normal, 
one-liaU of the original dose is usualb^ given. If there is only slight 
residual hyperthyroidism, or if the basal metabolic rate is at the upper 
limit of normal, no further treatment is given, because maximum effects 
of a single dose sometimes arc not apparent for three or four months. 

In Graves’ disease, our average initial dose has been 4 me., unless the 
thyroid is unusually large and the hyperthyroidism severe, in which 
case 6 or even 8 me. have been given. Our experience has indicated that 
the dose required to control hyperthyroidism of Graves’ disease is 
dependent more upon severity than upon the size of the gland, although 
individual variability must be recognized. Crile and his associates'* 
have demonstrated that in nodular goiter with hyperthyroidism the 
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rtvorape initial tlo-o should he distinctly incrcn»od over that of diftuso 
goiter. In these 8 to 15 me , tiependinj; upon the size of the gland, have 
been employoi ' ’ ' ‘ ^ 

arc highly siitisf 
on one do*c at t 
reduces m size, 

^fxhthr goftere »«^{wl}y shrink hut do not dk'ippcar. Auricular fibrilla- 
tion tcntls to revert to normal sinus rUytlim ju«t as after thyroidectomy 

Recently Kelley, llaineH and Keating” have published a review of 
the present status of mdioactive todmo m the treatment of thyroid 
di“Ca«c Tlie aildition of the scries rejiortwl liy Crile's group to the series 
revic\ve<l by theve authors brings the total ea-ses to 440. Undoubtedly 
many others have not hecn inchidryl m this study. Ilonevcr, M per 
cent of the 140 eu'-es were euthyroid after one do'e of I'*‘, wlnle hypo- 
thyroidism orrurnsl in only 4 2 per cent Some of these ^YC^e transient. 
Wilfiams anti fits co-workers-* mention the occasional accentuation of 
hypertlvj’rnnlism after the first ilw-o Wc have recently seen several 
instances of this tj-pe. lAophilmlmm liehaves m general m the same 
way that it d'los following thyroidectomy or antithyroid dnigs. Soley 
rind Miller** mention an nicreasc m evophtlialmos tn sic out of twenty' 
FIX sostudietl 

Collected observationH ».how a uniform fall in basal metabolic role, 
a fall m protein bound lodme. and a nM? m blowl lipids. Transient fever, 
TK- in sdhmrniation rate, and temlcmess of the thyroid area have also 
been obseraeil Tmiisient leukopenia wi\s seen in one instance, but 
agramilocytosis has not been obscrveil There have hecn no recurrences 
K-cn in those cases m whom cuthyroidism has oceurrwl 

U IS to be predietcil tlmt mdioactive ioibne will rwlucc many of the 
present indications for propyltluounicd and methylthiouracil. It is 
likely that it is the treatment of choice when hyperthyroidism is present 
in the bad ri.sk patient, or attemlcil by roinpbcJilions such as recurrent 
hypcrtliyroidism, or vocal coni pamlyj-is, because it is likely to produce 
a more hasting remission than antithyroid agents have been shown to do. 
It IS likely that it will never lie the nnitine treatment for nodular goiter 
with hypcrlliyruiiiism because surgerj' usually cures the disease per- 
manently and tentative obseivationx show a less satvsfactorj' response 
to I**h Many years of observation will be rcquinxl to determine whether 
or not It will be the ultimate method of treatment for young patients 
with Graves' disea.se Since apparently no complications, apart from 
l» 3 ’pothyro}di.sm, attend the use of radioactive io<line, it is probably 
the most promising treatment of hypcrthyn>idi‘'m of the future. 
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RADICAL OPERATION AND PALLIATIVE THERAPY 
FOR CARCINOMA OF THE BREAST 


Thomas G. Ork, M.D., T.A.C.S* 

THE RADICAt OPERATION 

\\T\at is the standard radical operation for carcinoma of the breast? 
After a revien* of the literature on the treatment of breast cancer a de- 
tailed answer to this question is not found. Brooks and Daniel' have 
made the statement that ‘‘there is no such thing as a radical operation 
for carcinoma of the breast as there is a Billroth 11 for carcinoma of the 
stomach,” and “even Halsted-* *• *• ^ was somewhat confused as 
to what constituted the operation bearing his name.” At one time Hal- 
sted did not remove all of the pecloralis minor muscle, at another he 
removed the supraclavicular nodes, and still later removed a part of the 
chest wall. In 1907 he advised stripping the fascia from the upper part 
of the rectus abdominis, the serratus anterior and the subscapularis 
muscles, and at times from the latissimus dorsi and the teres major 
muscles. He speculated that removal of the shoulder and even amputa- 
tion at the hip raiglit eradicate metastasos to bone. In 1913 Halsted 
stated that he had discontinued the incision out on the arm and advised 
a vertical incision c.xtcnding upward toward the clavicle. 

In the development of the radical operation for carcinoma of the 
breast Halsted tried many methods which might seem somewhat con- 
fusing when his reports are read. It is surprising that there has been so 
little cliange in the fundamental concept of the operation in fifty-five 
years. We might with justice speak of the Halsted principle of the radical 
operation, rather than the Halsted operation. 

Although the technic of the radical bmasfc operation as used by sur- 
geons in general may vary widely, the fundamental principles enunci- 
ated by Halsted and Willy Meyer* arc still sound. These principles are ; 
(1) excision of a large area of skin over the breast; (2) excision of both 
pectoral muscles ; (3) complete axillary dissection beginning at the apex ; 
and (4) removal of all tissues excised in one mass. 

As far as the details of radical mastectomy are concerned, I agree ' 
with Brooks and Daniel that there is no standard operation for car- 
cinoma of the breast. There is disagreement among surgeons coneming 
the type of skin incision, the extent of skin removal with plastic or akin 
graft closure of the wound, the removal of the clavicular portion of the 
peetoralis major, the removal of the rectus muscle fascia, the thickness 
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of tJje skin flaps, the resection of the avillary vein, and the preservation 
of the thoracordorsal and long thoracic nerves. Perhaps it is too much 
to a.sk complete agreement upon all of the above points. Perhaps it is 
unneccssarj' to do the most radical type of operation for all cases of 
carcinoma of the breast that are considered operable. It is no compro- 
mise in the treatment of cancer to use good judgment in selecting the 
extent of the treatment necessary to relieve or cure. Needless mutila- 
tion is little less than criminal, but mutilation which may effect a cure 
is justifiable even though the hazard may be great. Gordon-Taylor® has 
recently (1948) extended the radical operation to include rcmo%’al of 
the anterior mediastinal glands with the internal mammarj* vessels 
after resecting the second and third costal cartilages. 

Technic. — The teclinic of operation iisc<l by the author follows (Figs 
483 to 489) 

An incision most suitable for the individual ca'se is sclcetetl. The choice 
of incision depends upon the size of the tumor, the location of the tumor, 
and the size and shape of the breast The three incisions illustrated in 
Figure 483, are, with rare exceptions, adequate m all cases. 

' ' t!ic tumor 

on ,’er of sub- 

cui midstcrnal 

line, laterally to the outer margin of the latissimus dor&i muscle, above 
to the clavicle, and below to the costal maq»in All dissection is done with 
a minimum of manipulation of the breast to avoid possible dissemina- 
tion of cancer colls 

An incision is made through (he fat belon the clavicle to e-xpose the 
upper margin of the poctoralis major muscle along Us attachment to the 
clavicle This muscle is <iividcd along the chavicle or below the clavicle, 
leaving a few of its fibers (Fig 484) Injuiy to the cephalic vein is avoided. 
The incision is extended lateralwani to the insertion of the pcctoralis 
major on the humerus The pcctoralis major is ilividod near the humerus. 
The dissection is then extended along the sternum and the upper part 
of the muscle is completely detached from the chest ivall. Tlie perforat- 
ing branches of the internal mammatj’ ves'^ls are ligated when divided. 
Fine cotton or silk ligatures are preferred 

By retracting the detachcil pcctoralis major muscle downward the 
pcctoralis minor muscle and axillary fascia are exposed (Fig. 485} The 
margins of tlie pcctoralis minor muscle are freed to near the insertion 
of the muscle where it is divided. The fascia overlying the nerves and 
vessels is incised parallel witii these structures from the sternoclavicular 
junction to the humerus. Dissection of the axilla is begun higli in the 
sulcus between the clavicle and sternum and extended lateralward. 
Sharp dissection is used All tissue is dissected from the axillary 
both aiiterionly and postenorily. Smalt vessels are clamped and 
separately as they arc exposed 'When the subscapularis muscle is readied 
all fat and areolar tissue is removed between this muscle and the cues 
wall. The nerve to the muscle is preserved. As the dissection is extenaed 
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• '..w. juutjcic IS removed except the long tlioracic 





Kig.4S3. — ^The three akin incisions — 

of carcinoma of the breast. Closures c ^ , 

Btab ’Rounds near peripheries of Qaps placed between 

skta and intercostal muscles to obhter apace in axilla are shown {right). 

The ends of the sutures are left long for fixation of marine sponge dressings. 


and thoracordorsal nerves. If lymph nodes arc found near the latter 
nen'c it is sacrificed. The intercostohu moral nerve is removed. 

/^iter the axilla is cleanly dissected free of ail fat and areolar tissue 
the remaining attachments of the pectomlis muscles are divided at their 
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Fig. 4%i — Inscl Bho\N8 type of akm inciaion FInp5 have been dissected >\ith 
minimum of Rttached fat L>i«8cction extends medially to midline, laterally to 
just beyond the anterior border of the latmimus dorsi muscle, above to expose the 
upper border of the pcctoralis major muscle along the clavicle and insertion of 
tliia muscle to the arm, and beloa- to tbe costal margin Line of incision shoti’Q 
through pcctoralis major near its attachment to the clavicle. 



Fig. 485,— The pectoralis major muscle has been divided near ita insertion and 
retracted downward to expose the axillary fascia and pectoralis minor rous • 
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origins and removed with all fat and fascia down to the ribs, including 
the fascia over the thoracic attachments of the rectus muscle. All struc- 
tures dissected free are removed in one mass. 

Meticulous hemostasis is necessary to promote satisfactory wound 
healing. After the dissection has been completed the entire wound is thor- 
oughly washed with physiologic sodium chloride solution. The wound 
is finally carefull inspected and all remaining bleeding vessels arc ligated 
(See Fig. 48G.) 



Fig 480." Mass dissection completed 


Mattress sutures (usually three) arc placed through the axillary flap 
and intercostal muscles so that when tied they will fold the axillary skin 
high in the axilla to cover the axillary vessels and chest wall with a mini- 
mum of remaining dead space. The skin margins are carefully approxi- 
mated and closed wth cotton or silk. If a large area of skin has been 
removed, which prevents closure of tlie wound, the margins of the re- 
maining skin flaps are sutured to the underlying muscles and a split skin 
graft cut from the thigh with a dermatone is sutured into the defect. 
To avoid accumulation of serum beneath the skin flaps, puncture wounds 
are made at three or four points near the attachments of the flaps to 
afford drainage. A drain is passed into the axilla through the lateral 
end of the incision or through the lateral skin flap. The ends of the mat- 
tress sutures, which have been left loi^, are tied over a marine sponge 
fitted into the axillary sulcus (Fig. 487). The remainder of the area of 
skin flaps is covered with moist gauze and additional marine sponges are 
applied. 
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Gauze tlrcssins'« are laul over the spoiiRCS and the eiitiic <irea«inR ma'S 
is held firmly to the chest wall and axilla with strips of adhesno o 
eliistoplast (Fig 488). Over thcs« dressings a breast binder is appiieo 
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(Fig. 4S9) to aid in immobilization of dressing? and .■=kin flaps. Tlie drcsv«- 
ings are quickly soiled with bloodj* drainace and are changed within 
twenty-four hours after operation. The drain U rcmovetl with the first 
dressing. A pressure dressing is reapplied. The prcs-ure should not be 
great enough to interfere with the blood supply to the skin flaps. If a 
skin graft is appHctI it is covered inth zeroform gauze and the dressing 
is held in place separate adhesive strips so that the remainder of the 
breast dressing m.ay be chansetl without di-durbing the skin graft dress- 
ing. The dressing on the graft is not rcmovetl for ten to twelve d.ay?. 

The arm is left free and the p.atient is encouraged to l>egin arm move- 
ments after the first postoperative day. 


i 



SELECTION OF PATIENTS FOR OPERAHON 

The results of operative treatment must depend, in great measure, 
upon the tj-pes of cases selected for the radical operation. Published re- 
sults may be e.xpected to be of but relative value until some standard of 
operability is generally adopted. But it may be too much to ask that all 
airgeons adopt such a standard. It is generally believed that operation 
is the only tj-pe of therapy that may cure cancer of the breast, and any 
patient is entitled to the benefit of the doubt. The possibility of benefit 
of the radical operation in indi\-idual and frequently bord^line cases 
must, at present, depend upon the e.xperience and judgment of the sur- 
geon. 

The estimate of operab’ility as presented by Haagensen and Stout” 
is so clear-cut that it is here reproduced. 

Mv patient whose general physical condition is good enough to risk 
major surgery should be treated by radical operation e.xeept as follows; 
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1. 'When the carcinoma is one ivhich developed during pregnancy or 

lactation. 

2 \Vlien extensive edema of the skin over the breast is present. 

3. "When satelhte nodules are present in the skin over the breast. 

4. WTien intercostal or parasternal tumor nodules are present. 

5. IVhen there is cdeina of the arm. 

6. Wien proved supraclavicular metastases are present. 

7. When the carcinoma is the inflammatory type. 

8. When distant metastases are demonstrated. 

9 Wlicn any two, or more, of the following signs of locally advanced 

carcinoma are present: 

(a) Ulceration of the akin. 

(b) Edema of the skin of limited extent (less than one third of the 
skin over the breast involved). 

(c) Rxation of the tumor to the chest wall. 

(d) Axillary lymph nodes measuring 2.5 cm. or more, in transverse 
diameter, and proved to contain metastases by biopsy. 

(e) Fixation of axillary lymph nodes to the skin or deep structures 
of the axilla, and proved to contain metastases by biopsy. 

Haagemsen and Stout offer very convincing evidence that these criteria 
should be followed by recording 100 cases treated by radical operation 
with but 2.8 per cent of five year survivals and no permanent cures, 
which did not meet their operability requirements and which they coa* 
aider were unsuited for operation. 

One might logically question some of the limitations of operability 
impo,sed by Haagensen and Stout. There is still difference of opinion 
concerning the first premise that operation is contraindicated m preg* 
nancy and lactation Those authors classify such patients as “categoric- 
ally inoperable ” It is well known that such cases have a low incidence 
of five year survivals with operation, but emcc they arc definitely incur- 
able without operation, it is reaaooable to hope that well selected cases 
may be benefited by radical operation. This is particularly true if in- 
volvement of the axillary nodes cannot be demonstrated. Harrington” 
has reported ninety -two carefully studied patients operated upon during 
Jactation or pregnancy. In fourteen of these caseshaving no demonstrable 
metastases in the axilla, G1 5 per cent of the patients lived five years and 
40 per cent lived ten years. Of seventy-eight patients ivitb aMJlaiy 
metastaNcs 5.7 per cent lived five years and 3,4 per cent lived ten years 

What advice should be given to a woman, who has had an operation 
for carcinoma, concerning future pregnancy? Harrington believes it 
wise to advise ivomen not to have pregnancies after operation for breast 
cancer, although his reported results am satisfactorj'. Brooks and Prof- 
fitt'* conclude that there is no evidence that pregnancy influences the 
development of mammary cancer, but pregnancy does increase the 
rapidity of growth of coexisting breast cancer These authors express 
the belief that the advice given to a woman, who has had a breast can- 
cer, IS entirely a matter of the wirgeon's judgment in the individual case. 
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There may also bo honest disagreement with Haagenson and Stout 
concerning the operability of the inflammatorj’ type of breast carcinoma. 
J^Ictastascs develop early in a verj* high percentage of such cases. Meyer” 
and associates report sixty-one eases treated by radical mastectomy and 
irradiation, throe of which lived more than five years after operation and 
one was alive more than nine years. They believe that these results 
justify radical operation and postoperative irradiation. If this type of 
carcinoma is to be treated by radical operation, cases should be selected 
with great care and only those patients chosen for operation who have a 
minimum of the inflammatory type of involvement of the breast with 
no clinical evidence of metastascs to the axillarj' nodes or skin. 

The radical operation is advisable in all cases falling in Steinthal’s 
clinical classification Groups I and II. In Group I the tumor is limited 
to the breast and is freely movable, and the axillary nodes are not pal- 
pable. In Group II a larger part of the breast is involved, the skm is ad- 
herent, and the axillarj’ nodes are palpable. Operation should rarely be 
done in those cases with evidence of carcinoma beyond the areas in- 
dicated above except in a few instances when a palliative operation may 
be advisable in the aged, or for patients having ulcemting lesions. 

COMPLICATIONS OF THE RADICAL OPERATION 

The mortality of the radical operation is low, rarely exceeding 2 per 
cent. Posioperative infection is infrequent. If infection develops in the 
axillary region, healing is prolonged and disability is often increased. 
Delayed healing due to necrosis of skin flaps is relatively common but 
rarely extensive enough to require skm gracing. Collections of blood and 
serum beneath the skin flaps may be reduced to a minimum by proper 
hemostasis, drainage and pressure dressings. If serum accumulates be- 
neath the skin it may be removed by aspiration with less danger of in- 
fection than by repeated insertion of an instrument through the suture 
line. 

Edema of the arm follows the radical breast operation in a large per- 
centage of cases. McDonald” says that some degree of lymphedema in- 
variably occurs following a radical axillary dissection. The edema is often 
confined to the upper arm and is relatively unimportant. Extensive 
edema may involve the entire arm and hand and result in serious in- 
convenience or disability in a small percentage of cases. Extensive edema 
is somewhat more frequent in obese patients. The edema is due to lymph 
stasis which may be aggravated by infection and perhaps by irradiation 
therapy. Since the treatment of the edematous arm is very unsatis- 
factory every effort possible should be made to prevent it. By carefully 
covering the axillary vessels and adjacent chest wall with the axillaiy 
skin flaps, infection and scar formation are minimized. 

Limitation of motion at the shoulder due to contractures is reduced or 
Completely prevented by selecting suitable skin incisions and by early 
motion and use of the arm. 
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The healed skin flaps are frequently kypcTeslhctic and cause discom- 
fort and worrj'. Whan the patient is assured that the disturbed sensation 
ts not due to recurrence of the cancer, the discomfort is usually well 
tolerated. 

CONTROVERSIAL FEATURES OF THE RADICAL OPERATION 

"What Type of Skin Incision Should be Selected for the Radical 
Operation? — Tlie skin incision should be used which is best suited to the 
individual case. To he committed to one type of incision is fallacious 
judgment Witli rare exceptions t)io incisions here illustrated (Fig. 483) 
are satisfactory* An incision extending out on the arm or across the axilla 
should not be used Such an incision produces scarring which may limit 
ann function 

How Much Skin Should Be Removed at the Radical Operation? — 
Should the dictates of IlaUted be followed that “to attempt to close the 
breast wound more or less regularly by any plastic method is hazardous, 
and, in my opinion, to bo vigorously discountenanced,” or should the 
wound be closed without skin graft m the majority of cases? Lewis and 
Rienhoff” expressed the opinion “that the operator cannot be held 
responsible for undiscovcrablc metastasos. either regional or remote, but 
should be held to account for a local recurrence.” Ilaagenscn” beheves 
that the surgeon may not be blamable for parasternal recurrences, but 
he cannot escape responsibility for the button-hke recurrent skin nodules 
• ’ ■ ’ ' • ’ ’ ’ ’ ’ ‘c area of 

i * . develop, 

1 . , surgeon’s 

instnimenla as he manipulates or sutures the «?dgos of tlie w'ound Hand- 
ley*’ has stated that the practice of removing a veo’ '"'ide of deep 
fascia and a less ivido area of skm gii'os better results than the removal of 
less fascia and more skm 

It seems sensible to believe tliat the extent of skin removed should de- 
pend upon the character and size of the tumor, the location of the tumor, 
and the presence or absence of clinical evidence of axillary metastases. 
It is well known that local recurrences are more common when aviHaij' 
metastases arc present, and such a positive finding should bo consid- 
ered when planning the area of skin to be removed 

Thoroughness o/ the Axtllary Dissection . — Tiie incidence of local recur- 
rence not only depends upon the presence of axillary metastases, but 
upon the number of axillary lymph nodes overlooked at operation In a 
study of lymphatic &pTca<l of carcinoma of the breast Monroe** found 
that the greater the number of lymph nodes removed, the greater the 
patient’s chance of recovery’ Local recurrence must then depend upon 
the thoroughness of the axillary' tlissection as w'ell as the extent of skin 
removed. It is probable that axillary' metastases occur in a lughcr per- 
centage of case.s th.m average records indicate. In a reexamination o 
the axillary nodes m thirty cases in which examination had been rou- 
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tincly made for motastascj?, Saphirand Ainroniin** discovered, bj’ making 
serial sections of a lai^^c number of noflcs, that an additional 33 per cent 
contained cancer. The prognosis depends upon both the thoroughness 
with which the b'mph nodes arc rcmoverl bj’ the surgeon and examined 
by the pathologist. 

Late Local Occurrence. — Iy>cal rccurrenco may develop man}' years 
after operation. This point is well illustrated in Ilalsted’s first fifty re- 
ported cases. Si.v per cent of the patients had local recurrence in 1894, 
and 9 per cent 4 year?? later. Thirty-seven years later Lewis and Ilienhoff 
found records indicating that 31.9 percent of Ilalstcd's patients even- 
tually developed local recurrence from three to twenty years after opera- 
tion. The incidence as reporte<l by Ilaagensen and Stout tlifTcrs little in 
the cases grafted and those with plastic closure. These authors warn 
that their statistics are of little value b(.*ci\«sc of the variation in the 
technic of operation by various surgeons. Although Conway and Neu- 
mann**’ report local recurrence in 21 per cent of patients with skin 
grafts, witli 35.5 per cent of local recurrences within the graftcrl area, and 
in 0 per cent of patients with plastic wound closure, these authors re- 
commend more radical c.vcision of skin, particularly nhen the tumor is 
large. AtMiitc*' lias said that with either the Ifalstcd or Handley approach, 
there is a liigh incidence of local recurrence, and that there is no proof 
that one method is better that the other in avoiding local rccurrenco. 
Rodman’s** remarkably low incidence of 2.2 per cent of local recurrences 
with the plastic closure operation deacribed by liis father, indicates that 
there is some doubt about the value of removing large areas of skin. 

Recurrence with SKtn Grafting and with Plastic Closure Compared . — 
The question concerning the removal of large areas of skin with skin 
graft closure or removal of lesser areas of skin with plastic closure cannot 
he decided from the evidence presented in published reports. It seems 
reasonable to the autlior that plastic closure of the skin can be made 
safely in the majority of cases if proper care is used in the selection of 
cases considered suitable for the radical operation. The care with which 
the skin flaps are made and the completeness of the axillaiy dissection 
arc probably of more importance than the extent of skin removed. 

The well knorni fact that following operation some patients develop 
extensive skin metastases and others equally extensive visceral and 
bone metastases lends support to the doubt that the area of skin re- 
moved with the breast is a sufficiently decisive factor to warrant removal 
of \vide areas of skin in all cases. 

Table 1 shows the incidence of local recurrence after radical mastec- 
tomy with both skin grafting and plastic closure of the wound. 

How Much Subcutaneous Fat Should be Removed from the Skin 
Flaps? — In Halsted’s original description of his technic all fat was care- 
fully dissected from the axillaiy skin flap. Haagensen described the skin 
flaps he uses as 3 to 4 mm. thick, coverwl with only a delicate layer of 
fine fat lobules. Sugarbaker and ‘Wiley” recommend that skin flaps be 
dissected in a graduated fashion, thin at the line of incision udth a grad- 
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nal increase in thickness as the base rs reached. A flap of graduated 
thickness toward its base assures a better blood supply than a ver>* 
thin flap throughout its width. With a little experience flaps can easily 
he made leaving a minimum of fat attached. 

Should the Pectoralis Major Muscle Be Removed Completely?— 
It is not necessary to remove the clavicular portion of the pectorahs 
major muscle for adequate exposure of the axilla. This is not a very 
vital point and may be left to the discretion of the surgeon w ithout fear 
of changing the results of the operation. 

Should Removal of the Anterior Sheath of the Rectus Muscle Be a 
Part of the Operation? — Since Handley expressed the belief that the 
chief lymphatic pathways were located m the fascia, routine removal of 


TABLE 1 

Local Recurrevce Following Uadical Mastectomt after a Minimum of 
Five Years 


Author 

i 

Year 

Recurrence 

with 

Skin Graft 

Recurrence 
with Plastic 
Closure 

Num- 

ber 

i Per 1 

1 I 

1 Num- 
1 ber 

Per 

Cent 

Len'M and RicahoS^ 

1J132 

322 j 

30 1 ; 

1 no 

39 7 

Sirwnons” 

1912 



1 191 ' 

e 0 

llaagenson and Stout'< 

19(2 

167 1 

22 2 i 

t 401 j 

21 9 

Rodman** 

1943 



1 132 

1 2 2 

lVhite»i 

1916 



1 23S 

! 22.0 

Robinson** 

lOlS 

1 


i 173 

1 16 7 

Conway and Neumann*’ 

1019 

1 

1 21 0 1 

1 « 

, 60 


the rectus fascial sheath has been considered advisable by many surgeons. 
In IflOT Ilabted recommended stripping the sheath from the upper part 
of the rectus muscle Haagensen*'^m 1946. staled that he docs not remo^'c 
the rectus fascia except in cases w'lth the tumor situated in the lower half 
of tfie breast It seems unnecessary to remove fJie rectus fascu in all 
cases MTicn the tumor is large or located in tlie lower half of the breast 
or nhen axillarj' nodes are demonstrated clinically, removal of the rectus 
sheath as a part of the radical operation w a logical procedure 
Should the Thoracodorsal and Long Thoracic Nerves be Sacrificed? 
The anatomical location of the long Uioracic nerve against the chest 
wall permits it to be easily stripped of all fat and fascia and it need not be 
sacrificed. Lymph nodes often lie in close proximity to the thoracodorsal 
nerve. ^Vhen such nodes are demonstrable by palpation or vision during 
the axillary dissection the nerve should be sacrificcrl. The nerve should 
be preserved in all other cases _ 

Should the Axillary Vein be Resected as a Part of the Radical Opera- 
tion? — One may logically question the advisability of routine remov 
of the axfllary vein, as recommended by McDonald. Trimble” recom- 
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mended resection of the axillarj’ vein if it is found invaded by metastatic 
growth, and obscn'cd that no harm will follow this procedure, not even 
postoperative edema of the arm. Tlic recommendation of Trimble.secms 
to answer the above question adequately- 
Is Operation for Local Recurrence Ever Justifiable? — Operations for 
extensive local recurrences are certainly of doubtful value. X-ray therapy 
will produce just as good results, with less discomfort to the patient. 
It cannot be hoped tliat cither treatment will effect a cure or greatly 
prolong life. For local recurrences which do not require extensive sur- 
gcr}', operation may be indicated in selcctwl cases. Guthrie*’ reported a 
patient who lived nine years after excision of a local recurrence. 

PALLIATIVE THERAPY 

What Is the Value of X-ray Therapy In Carcinoma of the Breast? — 
Goin” expressed the opinion that “the debate is almost entirely as to 
the c.xlent to which irradiation should augment or even replace surgciy 
in the treatment of the disease, and indecision is e.xpresscd even by those 
of the widest experience.” Pfahler and Keefer** stated in 1947 that an in- 
sufficient number of cases of prooperative irradiation liavc been recorded 
to justify any final conclusions from statistics. These authors believe, 
however, that there is theoretical and biological evidence favoring pre- 
operativc irradiation since there is a tendency for sucli treatment to 
devitalize or destroy the more malignant types of cells. They present 
additional evidence that normal tissues are less receptive to implanta- 
tion of cancer cells after preoperative irradiation. Their conclusion is 
that the operative results can be improved by preoperative and post- 
operative roentgen therapy, or by a combination of the two. Their 
collected statistics show a 10 per cent increase in five year survivals after 
postoperative therapy. Stenstrom and Baggenstoss” report 110 cases 
with axillary metastases treated by radical mastectomy and postopera- 
tive irradiation with 41 per cent of five year survivals and 22 per cent 
of ten year survivals. These results arc belter than those of the radical 
operation. 

In 1947 Lenz** expressed the opinion that there is still no agreement 
as to the exact value of roentgen therapy in carcinoma of the breast, 
either when used as the only treatment or when combined with mastec- 
tomy as pro- or postoperative therapy. Routine prophylactic roentgen 
therapy has been discontinued at the Presbyterian Hospital in Xew 
York and is given only when requested. Lenz remarks that constant 
comparisons are being made between nonirradiated series of cases and 
those receiving postoperative irradiation irrespective of whether the 
tumor dosage is a few hundred or several thousand roentgens. 

McGraw’s*‘ results were inconclusive as to any clearcut beneficial 
influence of such treatment. Gordon-Taylor expressed himself verj* 
clearly in 1948 when he said that **save for one very brief and perhaps 
fortuitously unhappy period long ago, I have personally eschewed the 
method of postoperative radiation as a supplement to radical surgery 
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in the cases of mammary carcinoma nhich are by common usajje now 
classified as Stage I and Stage II. For such I have preferred a sharp 
knife, a stout heart, and unquenchable optimism, and have regarded the 
widest radical surgery untrammeled by ancillarj* radiation as the method 
of election in almost evetj’ case belonging to these two categories.” 
Gordon-Taylor’s results seem to support his positive assertion (Table 2). 

As an example of the widely dive^cnt opinions concerning the best 
treatment of carcinoma of the breast, the recommendation of Mc- 
H'hirter of the Royal Infirmary of Edinburgh is noteivorthy. This 
author advises a simple mastectomy and po-stoperative irradiation of 
the axilla as a rocthotl of treatment superior to radical mastectomy. He 
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cmplia&izes the point that if tins tjTie of treatment is to be successful, a 
liigh standard of radiothcraj^' is essential. He reports a five year sur- 
vii’al rate of 50 per cent in all ‘‘operable’* cases. AIc\Vliirter quotes results 
of other surgeons using the radical operation and concludes that his 
results ‘‘will bear comparison with any other publishc<i figures” and 
give support to the view that the hypothesis underlying the method of 
treatment is sound. In discussing local m-astectomy Cade’* remarks that 
as a clinician be is not ottraced by the idea of removing p.art only of a 
cancer, be it in the breast or elscwlicrc, if lie can with impunity to the 
patient, remove all of it. As a routine surgical procedure, regardless m 
the stage of the disease or age of the patient, Cade regards tiie meibo 
.. , „tan onfi rtiitto tniwfirmntnhlp Onc may very logically 

which cannot cure 
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. I pcrsonalli* believe that a lan'C majority of surgeons woulcl prefer to 
accept the McWliirtcr method of treatment as merely a hypothesis until 
more convincing evidence of its value is forthcoming. 

Opinions for and against irradiation therapy Iiavc been strongly ex- 
pressed by able roentgenologists and sui^gcons. Tlicsc same roentgenolo- 
gists and surgeons generally agree that inoperable eases should be treated 
by irradiation and recognize that palliation received by such treatment 
is usually beneficial and often amazingly efficient. If good results are 
achieved in the inoperable ca.so3 there appears to be some inconsistency 
in the reasoning that irradiation will not benefit the patient after op- 
eration if tumor cells arc left in tissue tt'ithin or beyond the field of 
radical mastectomy. This inconsistency' becomes more apparent u'licn 
one considers timt cells spreading lieyond tlio operative field may bo 
rapidly growing and anaplastic, and (liereforc, more radiosensitive. It is 
our present practice at the University of Kansas Medical Center to ad- 
vise postoperative irradiation when axillary' motastascs arc reported by 
the pathologist. Although positive statistical proof of benefit may’ be 
lacking, the knowledge that cancer cells arc dcstroy'ed or devitalized 
by irradiation justifies such treatment. 

It is obvious from tlie above discussion tliat t!)c value of preoperativo 
and postoperative irradiation cannot, at present, be estimated with 
assurance. This situation exists bccau.«c there has been such a great 
variation in the treatment given. Until studies of a large series of selected 
similar eases arc recorded, which have been treated by' standardized 
methods, no reasonable estimate of the value of roentgen therapy can bo 
made. 

What Is the Value of Hormonal Therapy? — The use of hormones never 
cures a patient of carcinoma of the breast but there is unquestionable 
evidence that certain hormones arc of value as palliative therapy’. 
Adair^" has used testosterone propionate in a dosage of 100 mg. three 
times per week for ten wrecks, or a total of 3000 mg. This treatment Avas 
followed by a maintenance oral dose of 40 to GO mg. of methyl testos- 
terone daily for eight weeks. This had no elTect in some cases but in 
others palliation Avas obtained for more than tAvo y't^ars. Adair states 
that the maximum dosage has not been established. The best results 
were obtained in patients having bone metastases. These patients were 
relieved of pain, gained weight, AA’ere able to sleep Avithout narcotics, 
appetite was improved and they dev’elopcd a feeling of well-being. Bed- 
fast patients occasionally Avere able to return to their occupations. The 
disagreeable features of testosterone therapy are hirsutism, voice changes, 
acne, enlargement of the clitoris, and increase in libido. Tlie experience 
of Taylor and associates" with the use of androgens aa-os similar to that 
, of Adair. 

Hermann and co-Av’orkere« used a synthetic estrogenic hormone 
(ethinyl estradiol) administered orally. The dosage was 0.15 to 0.7 mg 
daily. There Avas some clmical improvement in superficial and pulmon- 
ary lesions in 40 per cent of patients over 60 years of age. The bad effects 




MODERN TECHNICS IN GASTRIC SURGERY 
"Waltman AValters, M.D., E.A.C.S.* 

THE BILLROTH I RESECTION: ITS MODIFICATIONS AND RESULTS 

Pean first performed an operation in which lie sutured t)ie end of Uic 
stomach to the duodenum and decreased the circumference of ti\c 
stomach by sutures placed in the vicinity of the lesser curvature. As his 
patient failed to recover, the fact that he first employed this procedure 
frequently is lost sight of. Billroth later employed this tj^pe of operation 
in his first successful partial gastrectomy and thereafter the operation 
has borne his name. In view of the fact that Billroth, a few years later in 
1885, abandoned this type of anastomosis for an indirect one of stomach 
to jejunum which had been called the “Billroth II,’’ it might be well to 
call the “Billroth I” the “Pean-Billrolh operation.” The reason Bill- * 
roth gave for his change to using an indirect Otjc of anastomosis from 
using a direct one was that only one of three patients on whom the Pcan- 
Billroth procedure was performed recovered from the operation. This 
failure to recover apparently was due to leakage at the upper part of the 
anastomosis wliere the three suture lines of the anastomosis come to- 
gether. 

Of the various modifications of the Pean-BilJroth method of direct 
anastomosis that of von Habcrer appears to be the most eatisfactoo*, 
owing to the fact that the entire circumference of the stomach is sutured 
to the circumference of the duodenum. In his modification the larger 
circumference of the stomach Is decreased by interrupted sutures placed 
in the mucous membrane and muscularis mucosae of the gastric wall ; 
these sutures also serv’e as ligatures of the larger blood vessels of the 
gastric subraucosa. 

In the first technic of the Billroth I operation the duodenum was 
sutured to the stomach along the lesser emwature. There seems to have 
been some difficulty with this procedure and there was fear of causing a 
diverticulum or cul-de-sac of the fundus of the stomach which appeared 
to be a distinct disadvantage. In later cas<s, “Professor Billroth, would, 
whenever possible, insert the duodenum into the greater curv’ature.” 

Sev'eral modifications were instituted to remove portions of the lesser 
curvature of the stomach to prevent the formation of the diverticulum. 
Among these was that of Schoemaker of The Hague (Figs. 490 and 491 ) 
and Charles H. hlayo and William J. Alayo (Fig. 492). 

The modifications of the Pean-BiUroth most frequently used at the 
Mayo Clinic have been Schoeinakcr’s, the ^Mayes’ and von Haberer’s.^ 

Technic of the Billroth I Operation and Its Modifications. — In all 

From the Division of Surgery, Mayo Clinic, Rochester, Minnesota. 

• Professor of Surgery, Mayo Foundation, Graduate School of Medicine 
University of Minnesota. • ’ 
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types of partial gaslrectomj’, the division and ligation of the branches 
of tfie gastric arterj’ in the gastrohqiatic omentum and the ligation of 
the branches of the gastroduodenal arter>' are similar. The assistant 
places tension on the gastroduodenal junction by grasping the anterior 
wall of the stomach and pulling toward the left side of the patient. At 
that time tiie surgeon inserts the index and middle fingers of the left 
hand tiirough tiie gastrohepatic omentum to the posterior wall of the 



Fig 400 — Schoemaker modiGcation of Billroth I operation Gastric vessels 
have been Iigalcd high in the Kaslrohcpatic omentum The portion of the gastro- 
hepatic omentum to be removed ivith the tumor and the pattern of stomach to be 
removed are shown 

stomach and duodenum with the thumb anterior to them The upper 
margin of the duodenum is wiped carefully and forceps may then be 
introduced between the omentum and the duodenum to permit their 
separation, division and hgation By extending the index and middle 
fingers toward the midline posterior to the duodenum and the thumb 
anterior, the attachment of the gastrocolic omentum to the duodenum 
can be well defined and forceps may be placed on the blood vessels 
(branches of the right gastro*q>iploic) running through it In cases m 
duodenal or gastric ulcer, the gastrocolic omentum can be disconnected 
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from its attachment to the greater curvature of the stomach by repeated 
clamping and cutting. The line of dissection is close to the greater cur\’a- 
turc until the left gastro-cpiploic arterj' is encountered (Fig. 493). In 
cases of neoplasm of tlie stomach the gastrocolic omentum can be dis- 
connected from the attachment to the transverse colon after ligation of 
the right gastro-epiploic vessels below the pylonis ;and the gastrocolic 



Fig. 491.— Schoemakcr clamp placed across stomach. Payr clamp placed across 
duodenum. The portion of the stomach containing the tumor is being e.xcised with 
the cautery. 


omentum can be dissected with the scalpel from the transverse colon 
tvith little bleeding (Fig. 494). 

A curved hemostat of sufficient gripping power to hold the cut edges 
of the duodenum without slipping is placed across the duodenum well 
below the pylorus in cases of neoplasm of the stomach or gastric ulcer 
(Fig. 495). In cases of duodenal ulcer this hemostat may be placed im- 
mediately distal to the duodenal ulcer or across it so that only a small 
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portion of the ulcer will be removed. In cases of duodenal ulcer in which 
the ulcer is rather far from the pylorus, an open closure of the duodenum 
without ufee of the hemostat will often have to be carried out. 

A second hemostat is placed above the first one. The duodenum is 
transected between the clamps Tlie stomach is reilectcd upward and 
toward the mullme, where it is held by the assistant. The gastrohepatic 
omentum is wiped from the lesser curvature of the stomach at the point 
where the left gastric arteiy’ is to be divided and ligated (Fig. 49G) . Tlirce 
Kooher forceps are passed through the avascular portion of the gastro- 



Fig 4*12 — Billroth I, Ma>o method Curved hcmostala placed across the 
stomach and duodenum so that a large portion of the lesser curvature can he 
removed Inset shons method of raaVing anastomosis 


hepatic omentum and applied across the arterj’ and omentum uhich arc 
divided distal to the two proximal forceps. The branches of the gastric 
arterj' m the gastrohepatic omentum arc ligated doubly, the first liga- 
ture is a suture ligature. The distal portion of the loft gastric artery is 
ligated with a single suture The region on the lesser curvature denuded 
of serosa as a result of the separation of the gastrohepatic omentura from 
it and the ligation of the left gastric artery is closed with two or thr^ in- 
terrupted sutures which approximate the serosa of the anterior and the 
posterior walls of the stomach. A suction pump is introduced “i!’ 
stomach and any retained gastric secretions or gas is removed (Fig. iy i } 
In cases of duodenal or gastric nicer from two thirds to three fourths 
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of the stomach is removed whereas in the prcEcnco of neoplasms of the 
stomach it is well to remove as much stomach above the tumor as pos- 
sible and as is consistent with good postopcnitive gastro-intcstinal 
function and motility. IMicn tim secretion and gas arc removed from 
the interior of tijc stomacli, the circumference of the stomach decreases 
surprisingly. This is important, since, in the Billroth-von Haborcr 



Fig. 403. — ^Billroth I operation. An opening haa been made in the gastrocolic 
omentum as close to the colon as possible in order that the lesser peritoneal sac 
raaj’ be explored, Hemostat is shown in place on a branch of the gastro-epiploic 
vessels. 

method, the entire circumference of the stomach is approximated to the 
circumference of the duodenum and any method of reducing the circum- 
ference of the stomach is worth while. Two rows of interrupted sutures 
are employed to approximate the greater and Ies<?er curv'atures of the 
stomach to the inferior and superior mai^ins of the duodenum and a 
row of continuous or interrupted sutures are placed to approximate the 
serosal layers of the posterior wall of the stomach to the duodenum. 
These sutures include larger amounts of gastric serosa than of duodenal 
serosa. This procedure like^^^se tends to reduce the circumference of the 
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stomach. Since the stomach has been emptied of its contents, it is un- 
necessar}' to place a clamp of any sort across it. In fact, the use of such a 
clamp not only reduces the amount of stomach that can be removed in 
some eases, but in addition, so flattens tlie wall of the stomach that it 
increases considerably in circumference. 

After the serosal sutures are placed posteriorly, an incision which 
extends to the mucous membrane is made in the posterior wall of the 
stomach (Fig. 49S) Interrupted sutures ivhich .‘*on'e as ligatures of the 



and gastrocolic and gasirohepatic omentum to be removed 

branches of the gastric blood vessels, and to reef the mucous membrane 
and thus decrease the circumference of the stomach, are placed adjacent 
to each other m the mucous membrane of the posterior wall of the 
stomach. The mucous membrane of the slomach ia incised and the curved 
hemostat on the duodenum is removed. The clamped emsh^ tissue on 
Uie duodenum la then trimmed off. Any bleeding vessels in the sub- 
luucoaa of the stomach are grasped and ligated. A second row of chromic 
catgut sutures la used to approximate the mucosa, submucosa, and 
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muscularis mucosae of the stomach to the duodenum. Cutting across 
the anterior ^\all of the stomach enables removal of tlie segment of 
stomach containing the tumor or pa.stric ulcer. If an incision is made 
through the mucous memhrane of the anterior wall of the stomach first, 
the surgeon is able to pick up the blood voxels of the submucosa with 
hemostats and ligate them (Fig. 499). 

The segment of stomach containing the lesion is removed. A point in 
the midportion of the mucous mcmi>mnc of tlic anterior wall of the 
stomach is approximate<l to the midportion of the mucous membrane 



and submucosa of the anterior wall of the duodenum (Fig. 500). Trac- 
tion of considerable degree is placed on the two sutures at the angles of 
the anastomosis in order to stretch the size of the duodenum to conform 
more nearly to the size of the stomach. The circumference of the cut 
end of the duodenum can be enlarged by a small incision doAra the an- 
terior wall of the duodenum at right angles to the line of suture. Further 
interrupted sutures are placed in the mucous membrane of the stomach 
and the duodenum. Each suture is placed to bisect the space between 
two others previously placed. Another row of sutures approximates the 
mucosa, submucosa and muscularis mucosae of the stomach to that of 
the duodenum. It is frequently advisable to start these sutures at each 
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angle of the anastomosis, having them meet in the midline. This assists 
in the more accurate approximation of the structures. Tlie serosal layers 
of the stomach and the duodenum are approximated vith a third row 
of sutures. Tlicse are usually of silk and placed interruptedly. 

The upper angle of the anastomosis where it is sutured to the stomach 



Fig 496 — To hgale the left gastne artery, the vesael and right edge of Blomach 
are palpated belvtcen the thumb and index finger and an opening n made as dose 
to the etomacb as possible. The duodenal stump has been buried in areolar tissue 
and fat and has been turned into the head of the pancreas. Inset, three damps 
have been applied to the vessel and it will be ligated with double chromic catgut 
and n “slicktie ” 

and the duodenum with interrupted sutures is covered with a portion of 
gastrocolic omentum which is brought up posterior to the line of anasto- 
mosis There is usually enough pistrocolic omentum lateral to the point 
of its removal for this purpose. A similar tag of omentum is used to pro- 
tect the lower angle where it is maintained in position by sutures (Fig- 
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501), The placement of omentum in this fashion safeguards against 
leakage at the angles as ^Ycll as on the posterior wall. If possible, tlio 
gastrbhepatic omentum at the points where the gastric vessels have been 
ligated should be brought down and suturcxl to the ligated duodenal 
portion of the omentum. This procedure helps to relieve tension on the 
anastomosis. One or two interrupted sutures should be placetl between 
the anterior wall of the stomach and the falciform ligament. They will 
hold the anastomosis to the right of the midlinc and will assist in taking 



Fig. 497. — BiUrotb I, von Ilabercr method. The cut end of stomach has been 
reflected, exposing the branches of the gastric artery and vein and the gastro- 
hepatio omentum. Ilcmostats have been placed and the vessels are about to be 
divided. A suction pump has been introduced into the lumen of the stomach, 
and is emptying it of gastric secretion and gas. 

tension from the line of anastomosis (Fig. 502). If duodenal or gastric 
secretion has produced any soiling, from 1 pint to 1 quart (0.5 to 1 liter) 
of sterile water is poured slowly over the tissues and is removed with the 
fiction pump. In this manner any gastric or duodenal secretion present 
is diluted and then is removed. 

Billroth I, Mayo Modification.— After the gastric vessels are divided 
and ligated and the duodenum is divided above the curved heroostat 
across it, as described previously, a curved hemostat is placed trans- 
versely across the stomach at the greater curvature at the point where it 
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considered especially likely to occur at this angle, use of omentum to 
protect the posterior part of the anastoitw^w in the upper angle 13 particu- 
larly valuable in this method. 

Billroth I, Schoemaker Modification.— Schoemaker devised a heavy 
crushing clamp patterned in such a way that when properly placed across 
the stomach a larger portion of the lesser curv’aturc than of the greater 
may be removed. 'Hie Fumisa clamp also may be used for this purpose 
The method of suturing behind Scbocmaker’s clamp (Figs 490 and 



Fig 500 — Billroth I, von llabcrcr method Posterior anastomosis has been 
completed and blood vessels of submucosa and anterior uall of stomach have 
been ligated Interrupted sutures are being placed The first suture is placed in 
the center in order to approximate as nearly as possible the raucous membrane of 
the stomach to that of the duodenum 

491) or behind the pm of the Fumiss clamp, and of approumating the 
stomach to the duodenum is not unlike that of the method used by C 
II Mayo and W J Mayo 

BILLROTH n GASTRIC RESECTION AND MODIFICATIONS 

The desenption of the Billroth 31 gastric resection was reported and 
published by von Hacker in 3885, the year in which it was devised. It 
differs from the Billroth I operation in that the cut ends of the stomach 
and duodenum are closed and the jejunum is anastomosed to the nicwt 
dependent portion of the stomach in an antecolic long loop anastoruosis 
In 18S8, von Eiselsberg first employed the modification now m'dely 
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known as the Hofmeisler or Finsterer type of Billroth II operation 
(Fig. 505). . 

Polya’s report in 19U of the modification now bearing his name was 
more widely recognized than any of previous reports of nearly the same 
operation. 

In this modification the cut end of the duodenum is closed and a loop 
of jejunum is brought up through an opening in the mesocolon to form 
an end-to-side anastomosis with the cut end of the stomach (Fig. 505). 

iVftcr resection of the stomach for cancer, duodenal or gastric ulcer. 



Fig 501. — a, Row of sutures approximating the peritoneal coat of the duo- 
denum are nearly completed; separate sutures are started from the opposite 
sides and meet in the center. The omentum is brought posterior to the anastomosis 


the most satisfactory method of restomtion of gastro-intestinal con- 
tinuity has been found to be the Polya modification of the Billroth II 
operation. Numerous different technical procedures have been proposed 
to accomplish desired ends, and in many instances surgeons personally 
have developed slight modifications in technic that are of undoubted 
value. In general, the following method has been found to be satis- 
factory. 

Techmc of Posterior Polya Modification.— The two layers of peri- 
toneum which descend from the stomach and the commencement of 
the duodenum enclose the left and right gastro-epiploic vessels near the 
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greater cur\’nture of tlie stomach. Hie layers of peritoneum pass down- 
ward anterior to the colon for a variable distance and then turn back- 
ward and upward to the transverse colon which they enclose between the 
anterior and posterior layers. Hie continuation of these peritoneal layers 
after they enclose the colon until the structure becomes the mesentery of 
the transi'erso colon lias many anatomically correct names. Usage, how- 
ever, lias limited them to the term “gastrocolic omentum’’ for that por- 



Fjg 502.— Two sulurea between iho falciform liEament and the antenor wall 
of the Btomath liold the anastomosis to the right of the midline and take tension 
from the line of anastomosis. 

tion which extends bettveen the stomach and the antenor surface of 
the transverse colon. 

In order to obtain additional evidence concerning the operability of a 
neoplasm of the stomach, the lesser peritoneal sac is explored A small 
opening is made in the gastrocolic omentum well over to the left, aw.ay 
from the lesion, ami as close to the colon as possible. The branches of the 
gastro-epiploic vessels arc doubly cbmped and the portions of the 
vessels between the clamps arc cut to enlarge the opening. The meso- 
colon is carefully bnished away, so that the vessels contained witJun rc 
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will not be injured. If, examination within the lesser peritoneal sac re- 
veals an operable lesion, the greater curx'ature can be mobilizetl further 
by continuance of di'-jcction to the region of the pjionis as close ns 
possible to the transverse portion of the colon. This procedure permits 
inclusion of the inferior gastric Ij-mph nodes and the subpyloric Ij-mpli 
nodes with the portion of the stomach to be rc«cct0{l. The right gastro- 
epiploic ve.sscls then may bo clampetl, cut and ligated. At this point in 



Fig. 503 — Billroth I, Mayo method. Closure of the lesser curvature. 


the procedure after the contained vessels have been ligated, all the re- 
maining hemostats may be removed. A plexus of vessels will be found in 

vessels 
■ »t infre- 
quently IS encountered, they must be ligated and cut with great care 
close to the duodenal wall. 

After these vessels are ligated, the lesser curvature of the stomach is 
mobilized. The superior border of the duodenum may be placed on ten- 
sion and a small opening may be made through the gastrocolic omentum 
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close to the duodenal wall. Hemostats are placed across the omentum 
which includes some of the branches of the gastroduodenal artery. The 
vessels are then divided between the hemostats and ligated. By these 
procedures the gastrocolic omentum is divided to just beyond the distal 
line of resection. A Payr clamp then is placed on the duodenum well 
below the pylorus (Fig 5QG). A rabber-covereti Doyen clamp is placed 
just proximal to the pylorus to prevent drainage of gastric secretion from 



Fjg 601 — Bjllrolb I, Mayo method. Approximation ot the narrowed circum- 
ference of the Btomach to the duodenum 

the stomach, but not in such a position as to crush the lesion. After the 
duodenum is divided close to the distal clamp, the stomach is retracted 
upward and to the left 

The duodenal stump is closed with great care to prevent, if possible, 
the later development of a duodenal fistula. The suture material is 
fine chromic catgut. The first row of sutures may be placed over the 
clamp as shown in Figure 506 in the form of a running mattress sujuf®- 
By gentle traction on the two ends, the clamp may be removed and the 
edges of the duodenal stump will be inverted. To invert the stump fur- 
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ther, the same suture material may be utilized in the second row of a 
continuous mattress suture to return to the starting point. Several 
interrupted mattress sutures of fine silk will give added strength to the 
closure. The stump of the duodenum then may bo buried in the areolar 
tissue in the region of the head of the pancreas, or available visceral 
peritoneum from the hepatic flexure of the colon and adjacent omentum 
may be placed over it in such a manner as to seal olT any possible leak 
from the closed duodenum. 

At this point it is usually evident that the greater cutv’ature of the 
stomach has not been mobilized sufiiciently. Gentle traction may be 



applied on the gastrocolic omentum to facilitate mobilization. An excel* 
lent view then is afforded of the short vessels which extend to the stom- 
ach from the left gaslro-epiploic vessels themselves. Dissection may be 
carried as high as desired, even to the point of complete mobilization of 
the greater curvatures if total gastrectomy should bo indicated. 

Aid in the placing of a clamp on the left gastric arteiy may be ob- 
tained by the exertion of traction straight forward on the stomach. The 
edge of the stomach may be palpated between the thumb and index 
finger as shown in Figure 496, and by breaking through the gastrohepatic 
omentum at a point beyond the line chosen for resection, the left gastric 



1378 


WAhTUAS WALTERS 


artery may be clamped and cut It is a wise precaution to clamp this 
vessel doubly in case the liimturo should break, and it js also advisable 
to apply this ligature as a double suture ligature of chromic catgut. The 
distal portion of the left gaslnc artery is ligated after the artery is 
divided nitli a single ligature and the liarod musculature on the lesser 
curvature of the stomach resuUing from the division of the gastro- 
hcpalic omentum and the left gnatnc arteiy is covered over; two or three 



sutures utiliziuK a running maltrcBS «lilch, 6. tl«> second row of sutures consists 
of returmnR to tbe starting point «ilh a continuous mattress suture and furlter 
inverting the stump, c, interrupted maltrcBS sutures of fine silk form the third 
row of suture to reinforce the inwrtctl stump. 

interrupted sutures are u'lod to approximate the adjacent edges of serosa 
of tlte anterior and posterior walls of the stomach. 

The necessarj’ mobilization of the stomach is now completed and a 
rubber-covered Doyen forceps may be appUctl just proximal to the de- 
termined line of resection while the stomach is Jield taut m a /onraid 
position. If the stomach is distended with pas or retained contents, it « 
advisable to insert a trocar througli the divided end of tiie stomach and 
to remove the contents of the stomach by suction aspiration before the 
line of resection is planned. 

If a retrocolic type of anastomosis is decided on, an appropriate por* 
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tion of the Iratisvcrso part of the mesocolon should be selected in 'vhich to 
make an opening; this portion should not contain vessels and should be 
situated well to the left, so that the anastomosis may lie in as nearly a 
normal anatomic jiosition as po^Ml)lo (Fig oO"). In certain instances 
attachment of the posterior cut eelge of the transverse part of the meso- 
colon to the stomach ^\^ll facilitate the operation, but tliis procedure 
makes mobilization of the stomach most difiicuU and under most circum- 
stances it is simpler to attach the out wlgo of the opening in the trans- 
verse portion of mesocolon to the stomach after anastomosis has been 



prior to being thrust through the transverse mesocolon for the retrocolic anas- 
tomosis are shown 

completed (Fig. 508). A loop of jejunum approximately 5 cm. from the 
ligament of Treitz is selected and is brought through the opening in the 
transverse mesocolon. A rubber-covered Doyen forceps is placed on 
the jejunum and the loop of jejunum is placed next to the retracted 
stomach, so that the two rubber-covered clamps are now adjacent and 
m such a position that the proximal limb of the jejunum lies next to the 
lesser curvature of the stomach and the distal limb of jejunum lies next 
to the greater cur\'ature. 

It has been found convenient to approximate the proximal limb of the 
jejunum to the lesser cuia-autrc of the stomach ivith one interrupted 
suture of silk and to leave a long end of suture. This suture may be used 



1380 


WAin'MAM WAl/TEna 


later for retraction and also to dimimsh the tendency toward distortion 
of tlic anastomosis, for it marks a point toward which the first line of 
suture may be directed. A continuous suture of silk is applied from the 
junction of the distal loop of jejunum with the greater curvature of the 
stom.ach. If po'ssible onij' the seros-al and muscular layers of the wall of 
the stomach and jejunum arc included in thc'o sutures The suture ma- 
terial is tied and the ends are discanled (Fig 509, a) 

The posterior wall of the stomach is mciscd througli the oxtcal of the 
stoma down to tlic gastnc mucosa. The jejunum is incised down to the 
muco.'va for a distance equal to Uiat determined as suitable for the length 



Fig 60S — The anastomosis has been brought bclo'^ the colon through the 
opening in the transverse mesocolon and anchored there by interrupted sutures of 
silk, approximating the edges of the opening in the mesocolon to the stomach 
wall 

of the stoma and tlie second row of sutures of fine chromic catgut may 
be inserted as shown in Figure 509, b. This line of suture includes all 
layers of the wall of the stomach and jejunum, and is doubly jocked at 
the lesser curvature of the stomach. 

The stomach clamp adjacent to the one on the jejunum then may be 
opened to determine whether the posterior line of suture has controlled 
the bleeding. The advantage in having the anterior half of the stomach 
intact becomes apparent at this point, for the stomach acts as a retractor 
wlien the clamp is opened and pret'ents retraction of the stomach up- 
ward. When any bleeding points noted have been ligated, the stomach 
may be cut off (Fig. 500, c). - j „ 

The second row of sutures posteriorly may now be continued an- 
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tcriorly as a locking suture on the side which is next to the stomach 
(Fig. 510, a and 5). All coats, hut only a thin edge ol mucous membrane 
are included in the sutures. The mucous membrane then will project 
slightly tlirough the anastomosis and when the clamp on the stomach is 
removed bleeding points may be scon. 

A continuous mattress suture of silk or fine chromic catgut may be 
applied as a second row of sutures anteriorly {Fig. 51 1 ) to invert the pro- 



Fig, 509. — ^The posterior line of sutures in the anastomosis; a, clamps in place 
on the stomach and jejunum; the proximal loop of jejunum and the lesser curva- 


not been sectioned; c, the clamp on stomach has been opened and the bleeding 
points on the posterior suture line have been ligated; the clamp now has been 
closed and the stomach is being cut off. 

trading edg^j of raucous merabranc. Multiple interrupted mattress su- 
tures of silk may be inserted to reinforce the entire line of suture through- 
out the circumference of the anastomosis. 

The next step in the. operation is the anchoring of the anastomosis 
below the opening in the transverse portion of the mesocolon. In order 
to accomplish this the colon may be retracted upward and multiple in- 
terrupted sutures of silk may be inserted so that the stomach projects 
approximately 2 cm. below this opening (Fig. 508). The remaining por- 
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tion of Stomach should be in as nearly a normal position as possible in 
order to diminish the possibility of angulation of the jejunum at the site 
of the anastomosis or immediately distal to it. If the posterior edge of the 
ransverse mesocolon has been sutured to the stomach prior to the 
anastomosis, the anastomosis may be pushed through the opening in the 
transverse mef-ocolon from above and the anterior edge of the transverse 
mesocolon may be sutured to the stomach above the site of the anasto- 
mosis 



ig 510 — The anterior line of sutures; a, the sccouii ron of sutures in the 
etior line la continued anteriorly, the sutures nro locked on the stomach side 
all coals are included, t, this row of sutures is completed; the clamps will be 
removed to view bleeding points from the anterior portion of the suture line 

Technic of the Anterior Polya Operation. — The anterior Polya opera- 
tion is performed in approximately the same manner as tlie posterior 
Polya. The jejunum, however, is brougfit up antenor to the colon and 
is anastomosed to the stomach approximately 12 to ir> cm from the 
ligament of Treitz ; the distance depends on tlie indications for the pro- 
cedure. TJds type of anastomosis is indjrated particularly when resec- 
tion ia unusually high or when the transverse mesocolon is short and con- 
tains much fat. 

Hofmeister Modification of the Polya Operation. — In certain instances 
it may be advisable to use the Hofmeister method. The anterior or 
posterior Polya anastomosis, however, will furnisli the same mechanicai 
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right angles to the lesser cun’ature of the stomach is removed. By this 
means the circumference of the opening in the stomach which is to be 
anastomosed to the jejunum i9 reduced and a valve is formed. The pro- 
cedure is a valuable way of rcmoidng gastric ulcers located high on the 
lesser curvature of the stomach, ^fore of the lesser curvature of the 
stomach IS removed in the Ilofmeister modification of the Polya opera- 
tion in the same manner as the lesser curvature is removed in the Mayo 



Posiet-tor Polya 
(Hofmeister) 


Fig 512 — Hofmcrtier mo<ltficftt»on of the Polya operation ehoning the ex- 
cision of a portion of the lesser curvature of the atotnach 

modification of the Billroth I operation, (Fig 492). The finished pro- 
cedure IS shoMn in Figure 512 
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APPENDICITIS 

With Consideration of the Newer Drugs in Appendiceal Peritonitis 

Edwin* P. Lehman, M.D.,* John C. Hawk, Jn., M D.,f \nd Waltkii 
F. Bkckeii, M.D4 

On tlic basis of present knowledge the problem of tlic cause of ap- 
pendicitis, one of the commonest of diseases requiring suq;ical treatment, 
appears to be still unsolved. In spile of extensive investigation, beyond 
the limit of this discussion, the reasons for the start of infection in the 
appendix or for the onset of obstruction by a fccalith arc still obscure. 
Even the cause of the formation of a fccalith is unknown, ^^^lat environ- 
mental factors, what dictarj* or other habits, what local anatomic or 
physiologic variations determine the formation of an appendiceal con- 
cretion in one individual and not in another must remain matter for 
speculation. The obvious implication of this ignorance is, of course, that 
no rationale can exist for the prophylaxis of the disease. One can expect 
the incidence of appendicitis to remain approximately constant except 
for the possible influence of genetic or environmental factors still un- 
known to us. W'e do not know bow to prevent the disease. 

On the other hand, we know how to prevent its ravages. By early 
removal of the diseased appendix deatli can be avoided and the degree 
of illness can bo made comparatively trivial. A summarj' of the knowl- 
edge that makes this possible together with a brief consideration of the 
results in 1005 recent consecutive cases under modem therapeutic con- 
ditions, to be compared with an earlier series, constitutes the substance 
of this discussion. 


PATHOLOGY 

The pathologic problem of appendicitis is divided into tw'O phases, 
namely, (1) appendicitis proper, in which necrosis and infection are 
limited to the appendix itself, and (2) appendiceal peritonitis in which 
infection lias spread to the peritoneum. The former represents the stage 
of the disease during which early sut^ical treatment will result almost 
mvariably in prompt complete recovery. The latter is the stage, like 
peritonitis of any origin, in which recovery is uncertain and morbidity 
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prolonged. Fundamentally the punx^e of the treatment of appendicitis 
is the prevention of the second stage. 

The Contaminated Peritoneum- — The dividing line between the two 
stages has been differently fixed by different obsen'ers. Most writers 
employ the obvious data fumislied by grt^s observation at the time of 
appendectomy. If the appendix is perforated and the peritoneum pre- 
sents fibrin, cloudy and perhaps foul fluid, dulling of its surface and 
hjTxiremia, the case is classified as appendiceal peritonitis. A micro- 
scopic section through the serosa and subserosa of the peritoneum of 
surfaces near the appendix would show all the changes of acute mflam- 
rnation and the pathologist would rightly report “acute peritonitis ” 
A considerable number of such patients will continue to be ill with 
peritonitis after the removal of the discascil appendix which lias ini- 
tialed the peritonitis Ilonevor, some of these patients will recover 
promptly after appendectomy with just as smooth a postoperative 
course as thou^i the pathologic appearance of acute peritonitis were 
not present This discrepancy has led us as well as others to the concept 
of the confaminafcd pentemeum, analogous to the contaminated wound 
winch heals without infection. Just as one cannot predict what contami- 
nated wound will heal cleanly, so at the time of operation one cannot 
predict the case of perforated appendicitis in which there will be re- 
covery without peritonitis The data for classification can bo kno«n 
only after the postoperative period. Obviously tlicfoctore that determine 
m which direction the disease will proceed nre identical with those that 
govern the establishment orab'onccof infection in thoaccidoDtahvound, 
namely dose and virulence of organisms, amount of necrotic tissue, 
gener^ and local resistance, and the interval between contamination and 
the removal of the source of contamination. Obviously also most case'? 
of contaminated peritoneum arc cases in which perforation has occurred 
shortly before operation. 

The reason for making tins distinction is twofold Tlic first is to pro- 
vide a rational basis for therapeutic decision, to be elaborated later. A 
statement of the second may bo quoted from a previous discussion.* 
“Any statistical study which groups all perfomtiona of the appendiv 
under the head of peritonitis is presenting a distorted picture of the 


The cases of contaminated peritoneum can justly be included, alter ttie 
postoperative course is known, in the group of uncomplicated appendi- 
citis, as ivas done by Lehman and Porker.* Inasmuch as, by definition, 
all these cases recover (ivith the exception of rare deaths from complica- 
tions unrelated to the intra-abdominal debase) this procedure does not 
alter the mortality rate for the simple group On the other hand, by 
excluding the contaminated peritoneum, it definitely presents a more 
accurate picture of true peritonitis.” . 

In clasafying the material from Uus clinic we include the cases or 
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perforation tliat do not evidence an independent peritonitis in the group 
of simple appendicitis; i.o., appendicitis with infection limited to the 
appendix. 

Types of Pathologic Processes in the Appendix. — Having formuhated 
a rational dividing line between appendicitis and appendicitis with per- 
itonitis, let us revert to the p.athology of the appendix itself. It has long 
been recognized that appendicitis presents two quite dilTerent pathologic 
processes reflected in some degree in the cUmcal course. The two arc 
often associated and under those circumstances it is not nhva 3 ’s clear 
^^hich precedes the other, seen independently, however, there is 

no missing the differences. The first is an infection of the appendix unre- 
lated to obstruction, the so-calloi! ccUulUts of the appendix, in which 
it is probable that ulceration at the base of a mucos.‘il crypt ser\’cs as 
the portal of entry. This tj’po has a rchativcli* .slow progress u'itli rela- 
tively mM sj'mptoms. Pathologically it presents early the red, uniformly 
swollen appendix witliout necrosis and with no obstruction of its lumen, 
except the narrowing incident to edema. Thrombosis of the blood vessels 
and consequent gangrene and perforation with resulting contamination 
of the peritoneum occur late. 

The second typo is the ohslntclcd appendix, which in contrast to the 
first tj’pe advances rapidly and with violent symptoms, often resem- 
bling in degree of pain and amount of vomiting the .symptoms of intestinal 
obstruction. Occlusion of the appendiceal lumen occurs most commonly 
by impaction of a fecalith, but may be due to tumor, scar, parasites or 
rarely ingested foreign bodies. Often the precipitating factor may be the 
swelling incident to cellulitis of the appendix which increases the pres- 
sure on a fecalith and thereby obstructs drainage. In other instances a 
a chance peristaltic wave may wedge the foreign body against a pre- 
existing narrow segment of the lumen resulting from scar or anatomic 
peculiarity. "NMien obstruction occurs pressure is built up distally by 
continued mucosal secretion and the action of bacteria on the content. 
This pressure and infection may cause early occlusion of capillaries or 
even thrombosis of arterioles and venules and consequent total necrosis 
of the oi^an distal to the obstruction, which may advance to an irrever- 
sible stage within a few hours of the onset of symptoms. The picture at 
operation is that of gangrenous appendicitis. The wall of the gangrenous 
appendix is no longer a barrier to the passive of bacteria from its lumen. 
Widespread contamination of the peritoneum may therefore begin be- 
fore actual gross perforation of the gangrenous organ can be seen. This is 

theme'’* * ' iU- :.-i .. - t , • ^ . 

protec • ‘ ■ 

may b •■■ ■ • 

appenc 

that the inflammatory process has no time to be initiated. One does not 
speak of enteritis in connection with strangulation of bowel in a hernia 
sac. 

Short of total distal gangrene, the pathologic processes of the ob- 
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structed appends may follow other courses. Pressure may be built up 
less rap idly 50 that only the capillaries of tlic mucosa may be first affected 
Necrosis of the mucosa then occurs, opening a portal of invasion for 
organisms into the still living tissues of the submucosa and muscularis, 
and resulting in a true appendicitis, a cellulitis of the appendiceal wall 
Later total gangrene may eventuate. More commonly, however, when 
the obstruction is due to a fccallth, one secs a local pressure point of 
necrosis over the position of the foreign Iwdy. This m.ay become com- 


iialtcd. Such a perforation, however, obviously causes marked contam- 
ination of the peritoneum 

The Course ci Untreated Appendicitis. — Tlie )ater course of uolreotcn} 

' ’’ *' ■ ■*’ — — ^lace, 

' 6ub- 
c has 

always seemed to us somewhat doubtful m view of the frequency of right 
lower quadrant pain in cases in which acute appendicitis is proven not 
to be present. If such an event occurs it must represent either spontan- 
eous subsidence of an early cellulitis of the appendix, which is not at 
all an impos-sible concept, or tlie dislodgement of an already impacted 
concretion, which is harder to postulate. 

If the disease progresses in the appendix and tlie peritoneum becomes 
contaminated, several alternative courses arc pos.sible. If perforation is 
delayed and the early contamination is small m amount and low in viru- 
lence 80 that a protective mflammatory reaction is set up in the peritoneal 
surfaces of structures surrounding the appendix, then perforation will 
occur into an area already prepaid to combat contamination or into an 
area about which a fibrinous adhesive process has created a ivalled-off 
zone of actively inflamed seros-a. If, on the contrary, perforation is early 
and the contamination severe, then tlic contents of the appendix will 
be deposited in a peritoneum not prepared to defend itself or to 
wall off the dangerous area. Recent work by Kay and Lockwood’- * 
suggests that the availability of fibrin for agglutination of peritonea! sur- 
faces may depend somewhat on the titer of antifibrinolytic substances 
m the blood of tlie experimental animal. 

These observations suggest an additional e.\planation of varying po- 
tencies of local resistance and may prove of clinical importance, Tiie 
result of unresisted contamination of (he penloneum is, of course, per- 
itonitis spreading actively to involve varying areas up to total infection 
of the abdominal cavity — general peritonitis Detailed consideration of 
the pathology and treatment of peritonitis is beyond the scope of this 
discussion, which is concerned only wnth the prevention of peritonitis by 
adequate treatment of appendicitis 
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DIAGNOSIS 

Typical Appendicitis. — Appendicitis is not an easy disease to diagnose 
except when it appears in the classical form. Unfortunately the textbook 
picture of appendicitis in its early stages is seen less often tlian atypical 
forms. One need hardly describe it. Symptomatically there is first inter- 
mittent cramping pain of varying severity located in tlic epigastric region 
or about the umbilicus. Shortly afterward nausea occurs, followed by 
one or two episodes of vomiting. Later, bj' few or many hours, the pain 
shifts to tiic right lower quadrant where it becomes relatively constant. 
Vomiting may or may not persist, depending perhaps on the presence or 
absence of appendiceal obstmetion. Curiously, the initiation of pain may 
be procedc<l by a period of malaise and imappctcncc of up to twentj'-four 
hours’ duration. The bowels arc not affected. 

On physical e.xamination one finds in the typical case sliarply limited 
tenderness at jMcBumcy’s point accompanied by localized involuntarj’ 
spasm. These are the only constant typical signs, although tenderness 
high in the right pelvis detected by digital rectal examination may occur. 
The mensurable data include a minimal to moderate increase in all fac- 
tors. The pulse is increased 10 to 20 beats per minute, the temperature 
ranges 1" to 2*F. above normal and the white cell count ranges from SOOO 
to 12,000 with an increased preponderance of polymorphonuclear forms 
and a slight incidence of premature cells. The c.xamination of all other 
functions yields findings within the limits of normal. 

^^Tien this clinical picture is present the presumptive diagnosis of acute 
appendicitis will rarely be in error. However, as we have said, the com- 
plete picture is not common. One may find a typical historj’ with equi- 
vocal physical finding.*?, typical physical findings with a bizarre history, 
and any variety of variation from the typical temperature, pulse and 
laboratory observations. On the whole, the history seems most reliable. 
If b * • ’ ' . ' ' • ' • ’ . r • " ■ ' 

no5 ■ • . , • 

tis cannot be ruled out, and the second is to determine the presence or 

absence of peritonitis. Both present real difficulty. 

BlSerential Diagnosis. — In approaching the diagnosis of appendicitis, 
the surgeon must consider all sorts of causes for right-sided abdominal 
pain, including gastroenteritis, poisonings, the e.xanthemata, disease of 
the urinaiy tract, ruptured ovarian follicle, mesenteric lymphadenitis, 
ectopic pregnancy, cholecystitis, lumbosacral arthritis, sacroiliac dis- 
ease, pneumonia, pleurisy, coronary disease, meningitis, psychoneurosis 
and other conditions. Space will not permit the detailed discussion of the 
differential diagnosis of all these diseases. Suffice it to say that (1 ) a care- 
ful complete systems’ histoiy, (2) a complete physical examination in- 
cluding a minimal neurologic study, and (3) routine laboratory examina- 
tion including a study of the stmned blood smear will serve to rule out 


5 
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n\any of (lie alternative tliagnoscs Possibly siicli btndy will suggest special 
itivcstigattons that must he macie before some of the alternatives can be 
(hscardccl A cathctonzation of (he n^t ureter may be indicatwl or. 

especially ’ ..... , 

white cell 
individual- 

alert for an alternative condition that will allcct tlie operative risu. it is 
much less serious to operate for supposed appcmlicitis when the di'^ease 
IS a ruptured follicle or a )>lockcd ureter than ivhen it is a coronary occlu- 
sion or pneumonia 

It is unfortunate that the question of operating under a mistaken diag- 
nosis of appendicitis must arise ; hut there are tw o reasons why it should 
arise. The first has already been mcntionetl, namely, the atj*pical and 
confusing picture tliat actual appondjcjtis /r«>quently presente. The 


before the introduction of chomoihorapy and antibiotics, operation for 
simple appendicitis m 829 cases resultwl in a mortality of 0.2i per cent 
The total mortality of 2 lO cases of peritonitis arising from appendicitis, 
including localized and geneml peritonitis but excluding the con- 
taminated peritoneum, was 13 7 per cent. The risk in the neglected case, 
the ease in which the diagnosis of appendicitis had been missed either by 
the patient’s failure to consult a doctor or by tlio doctor himself, was at 
that time, therefore, nearly sixty times the risk of the diagnosed case. 
In a later series to be presented below the contrast is less, but it Is still 
striking. Even iviih the aid of chcmotlicrapy and antibiotics, the ri‘<k of 
the missed diagnosis is thirteen times that of the diagnosed ease Such 
ratios put pressure on the siu^con for appendectomy No gambler would 
accept such odds on Jus own life. 

On acc< 
and (2) tl 
that any 

tions lor the disease ivhen it is not present. Their number alioutd not Be 
high. The surgeon can accept a wrong preoperative diagnosis with a good 
conscience, provided only tliat he has honestly considered all other po’ai- 
bilities, including especially those tliat affect operative risk, and has 
seen to It that his patient has Jiatl adequate preoperative study as out- 
lined above. Finally, his conscience cannot be clear unless the patient and 


salve to the mistaken surgeon^a conscience, it is not mentiozieti “ 
can be too easy an escape for the surgeon who operates after inadequa c 

*^'Detennination of Stage of Disease.— Let us now turn to the second 
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aspect of the clinical problem, the necessity to determine as nearly ns 
possible the stage of the disease, once appendicitis has boon established 
as the presumptive diagnosis. There is no equivocation possible to the 
statement that the treatment of acute appendicitis is appendectomy; 
but when the contamination has reached the peritoneum the wi'^tlom of 
appendectomj* in all cases is at least debatable. These matters "ill be 
discussed later 

' Let it be said here only that the surgeon is obligated to make up his 
mind if possible whether cither a local or a general peritonitis has become 
established. The often cited cessation of pain when perforation occurs is 
a most unreliable guide, one which the senior author has been able to 
recognize not more than two or three times in a long experience "ith the 
disease. The time factor is helpful, but one must guard against the treat- 
ment of appendicitis by time-table. Duration of symptoms ns a guide to 
treatment was popularized early in the hislorj’ of the disease by A J. 
Ochsner* who recognized the harm done by the then clumsy intrusion 
into the abdomen during the period of spreading infection. It has since 
been learned that time as the only basis for decision cannot bo justified. 

The surgeon’s judgment must lie founded on the time factor together 
with the severity of symptoms, signs and physiologic deviations from 
normal. Obvious illness accomp.anicd hy widespread abdominal tender- 
ness and spa«m and by marked sepsis and particularly by a rapid pulse 
rate must mean a generalized peritonitis even if it occurs on the second 
day of the disease. In tlio same sense one can diagnose with fair accuracy 
a simple appendicitis on the fourth or fifth <lay if the physical signs re- 
main localized and the evidence of sepsis is minim.al. A localized peri- 
tonitis can be recognized when a mass is noted cither before or after an 
anesthetic. Furthermore, a localized peritonitis can be suspected in the 
absence of a mass if the phj'sical signs remain localized and the signs of 
sepsis are marked. Employing all known data in the case, the surgeon 
should attempt to obtain some sort of idea of the extent to which the 
process has spread. Often enough he will remain uncertain. 

TREATMENT 

The treatment of appendicitis as already twice mentioned is appen- 
dectomy as early in the disease as the diagnosis can be made How early 
in the disease it can be made depends on two factors, (1) the patient or 
the patient’s family and (2) the family doctor. The latter is helpless in 
the individual case if “home remedies,*’ including particularly cathartics, 
have been administered for a period of two or three days and he is called 
upon only when the serious illness of peritonitis has appeared. The medi- 
cal profession as a whole, including the family doctor, is at least partly to 
blame for the frequent late appeal to the physician. We have not stressed 
on enough occasions that persistent abdominal pain is a dangerous sjTnp- 
tom requiring expert diagnosis. The profession has not taught, and per- 
haps has not in individual instances accepted, a proper perspective on 
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constipation and has allowed the family medicine cabinet to contain the 
most explosive cathartics with the assumption that they are safe to use 
before the doctor is called Too often the assumption amounts to a direc- 
tive, particularly when the doctor prescribes cathartics without examin- 
ation of the patient. Even after fifty years of publicity about appendicitis 
patients still tiy to cure abdominal pains by purging and some doctors 
try to cure them by the same method At a rural county medical society 
meeting not over fifteen years ago a physician who performed much of ' 
the surgery of his own clientele remarked that appendicitis is easy to 
diagnose: “Give 'cm castor oil and if they don’t get well, it’s 
appcmiicitis ” 

^Vhcn there js a remedy, appendectomy, that is almost completely 
effective if applied in the early stage of a disease, the tragedy of the 
occurrence of late cases in which the remedy is ono-thirtocnth as effec- 
tive becomes poignant The phj’sician can do much by preaching con- 
tinuously m his practice the risk of abdominal pam Above all, he can 
protect his own clientele by refusing to prescribe for abdominal 
pain without an examination of the alxlomon If there is slight fever and 
localized tendomofs, then a leukocyte count is in order Only the most 
urgent of other appointments sliould keep him from the bedside of the 
patient who‘‘C abdominal pam is severe enough to cause him to sock help. 
If he remains uncertain, ropealwl observation at short intervals must be 
made, or, preferably, tlic patient must bo placed m a hospital where fre- 
quent observation is easily carried out. The prime factors indiminution 
of death from this common disease are early recognition and prompt 
appeadeefomy 

Appendectomy in Peritonitis. — Although this discussion is limited to 
the treatment of acute appcnditicis, the latter so merges with peritonitis 
that Jt also must be briefly considered The one dictum, oft repeated, is 
that appendectomy in simple oppcndicilw is the only treatment. Ob- 
viously from our definition appendicitis with a contaminated peritoneum 
is also amenable to appendectomy in all instances and should be so 
treated There remain then two groups to consider, localized pentonitis 
and spreading to general peritonitis. 

There arc those who affirm that appendectomy is indicated in ail cases 
of peritonitis from .appendicitis, no matter what the stage of the patho- 
logic process may be However, careful studies by several groups 
including our local- 
ized pcritonit hemo- 

therapy and _ 

than surgical drainage with or without appendectomy, ’ihere is good 
biologic reason to explain these oijscrvations A patient who presents a 

• . .» t/iat te IS 

. . Further- 

iverse cir- 
cumstances— work, activity, gastrointestinal stimulation irwii 
catharsis, degrees of dehydration and starvation. Give rest to his bod) 
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and particularly to his gastrointestinal tract, correct his physiologic de- 
ficiencies, furnish him parenteral sustenance, including protein sufficient 
(o manufacture globulin for antibodies, and it may well bo expected that 
ho will intensify the elTcctivcncss of his already effective resistance. Our 
experience has shown that probably 75 per cent of patients presenting 
localized pertonitis will recover without operation. In such cases appen- 
dectomy two or three months later is alwaj's advised. In tlms supporting 
nonoperative treatment wo must reemphasize that we are no longer con- 
cerned with appendicitis alone but with its much more serious sequel, 
peritonitis. 

The rationale of the treatment of spreading peritonitis is not so clear- 
cut. In the first place, since the clinical distinction between this phase of 
the disease and the contaminated peritoneum is difficult and often im- 
possible, as indicated earlier, one must take the position that immediate 
appendectomy is indicated in all cases except those in whicli the wide ex- 
tent of signs and the severit}' of the picture make a diagnosis of estab- 
lished peritonitis inescapable. Often enough a case at the fourth or fifth 
day presenting evidences of spreading peritonitis will prove after appen- 
dectomy to represent only a contaminated peritoneum. It is in the group 
of unmistakably established peritonitis that opinion is not definite. One 
can ai^e a prton either (I) tliat abdominal intcrx'cntion will depress 
peritoneal resistance or (2) that it is essential to remove the ofTcnding 
source of peritoneal contamination. Under our definition the incidence of 
cases classified in this group is low (59 cases out of 1029 cases of acute 
appendicitis in our earlier series* and 82 cases out of 1005 in our later 
series, Table 1), and therefore statistically significant data in a con- 
dition presenting such manifold variations arc slow to accumulate. On 
the whole wc have tended to remove the appendix without drainage in 
such cases more often in recent years than earlier. This tendency has 
undoubtedly been increased by the availability of presumably effective 
chemotherapeutic and antibiotic substances 

CHEMOTHERAPY AND ANTIBIOTICS 

^\Tiat has been said so far offers nothing new. It is recognized, how- 
ever, that much of the point of view presented is not accepted by all 
surgeons. In the transition period of treatment through which we are 
passing these differences of opinion may lose significance. If antibacterial 
drugs are actually effective supplements to surgical treatment, appendec- 
tomy may become the treatment of choice no matter what stage of peri- 
tonitis the patient presents. The determination of such effectiveness thus 
becomes of prime importance. ^Miether or not we in this institution have 
shifted our practice to more frequent appendectomy in localized and 
spreading peritonitis will be studied in a more detailed analysis of the 
recent series here reported in a preliminarj' way. 

Many surgeons have offered evidence that various of the available 
drugs affect favorably the morbidity and mortality in appendiceal peri- 
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tonitjs.*- *• '• >0 Spiico win not permit a review oi this evidence. The 
ppocific dmg of choice and the varyioR routes of administration so com- 
plicate the picture that a rlcar-cut demonstration in clinical material is 
difTicuH. We widi here to present data to add to those already published. 

One tliou.sand and five ca«cs of proven acute appendicitis occurring 
consecutively during the years 1943-1918 have been subjected to partial 
analysis in an attempt to evaluate the role of the newer drugs. A more 
detailed study of this material is under preparation for future presenta- 
tion. Comparison of the mortality rates between this scries and a scries 
of equal size occurring tlunng 1933-1937 inclusive* is presented in Table 
1. It IS seen that the mortality for bimple appendicitis is the same in the 
ti\ o periods, probably rcpresenlinR the minimal Iiazants of major surgerj' 
One of the two deaths in the present soncs Mas due to the anesthetic and 
the other resulted from an unyiohlmg ailynnmic ileus without peritonitis, 


tahlh I 

MoftTJkUTt 



a's demonstrated at a second cxplorntoiy operation. Many of the 813 
patients nith simple appendicitis received various combinations of peni- 
cillin, sulfonamide drugs and streptomycin given either locally or sys- 
temically or both In those cases in wluch perforation had not occurred. 
It IS believed that drug treatment did not contribute to rccoverj’- 
other hand, m the cases of contaminated peritoneum, w hich are includea 
in the table under the heading “simple appendicitis," drug treatment 
may have affected the incidence of independent peritone.ai infection. 
Eighty-five of the 813 cases of simple appendicitis were cases of con- 
taminated peritoneum and, of these, 68 received specific drug treatment. 
7 - .1 1 c ,.f in thecarherserjes 

is impossible to judge 

cntonitis actually has 

(\fpilrrMi. . . , _ .1 I 
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istTation are so great that a close anaU'sis of each drug independently 
is impossible. In the present series of 192 cases of appendiceal peritonitis, 
171 received one or more of the following drugs — penicillin, sulfanilamide, 
sulfadiazine and streptomycin — ^by local or systemic administration or by 
both. The various combinations of drugs and routes of administration 
numbered 17 and no one combination was employed in more than 44 
cases. Tliis was the combination of penicillin and sulfadiazine, both given 
systemically ; the 44 cases were divided into 24 cases of local peritonitis 
and 20 of diffuse peritonitis. From these facts the difficulty of estimating 
the effects of a single drug is obvious. 

The one fact that can be emphasized is that the last death in this scries 
occurred in September 194G and that the use of streptomycin began in 
October 1946. There have been 416 consecutive cases without a death. 
Of these, 70 were cases of either localized or diffuse peritonitis and, of the 
70, 43 received streptom 5 ’cin in combination with penicillin and occasion- 
ally sulfadiazine. Some of these patients were e.\'trcmely ill with a wholli' 


TABLE 2 

Percentage Decunb in Mortautt 



Mortolitv 

1033-1037 

Inclusive 

Mortality 

1013-1048 

Inclusive 

Decline in 
Mortality 

13.7% 

3.27% 

, 6SS% 

3.1% 

0.8% 

3.05% 

77.3% 

75.8% 

55.7% 


unfavorable prognosis when first seen. This seems to represent suggestive 
evidence of the value of streptomycin. 

The striking decline in the mortality of appendiceal peritonitis in the 
later period as compared with the earlier period (Table 1 ) must be inter- 
preted with caution. There were no deaths from localized peritonitis 
in the years 1943-194S and 5.0 per cent mortality in the years 1933-1937. 
The mortality for diffuse peritonitis in the later series is about one-sixth 
of that in the earlier scries. Similarly the mortalities for all cases of appen- 
diceal peritonitis and for the total series of 1005 cases are each about one- 
quarter that of the earlier figures. 

Lehman and Becker,** reporting in 1946 on the total suigical mortality 
at this institution for the years 1934 to 1945 inclusive, emphasized the 
fallacy of ascribing a drop in mortality rate of a disease to any single 
therapeujic measure without knowledge of the drop in mortality of all 


Allis cumpanson is given m Table 2. It will be seen that the 
• . . 3 per cent and the mor- 

' • cent, whereas the total 

5.6 per cent. Since the 
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chemotherapeutic drugs and the antibiotics were the chief added ele- 
ments in treatment in the later period, their effectiveness is probably 
evidenced. 


play a part in the decline in total mortality, some of which is also due in 
part to antibiotics and chemotherapy. Appendiceal peritonitis is an in- 
fection for which these drugs may or may not be specific. Since they are 
not specific for a considerable proportion of cases included in the total 
surgical mortality, and since the degree of improvement m results m per- 
itonitis 1 $ strikingly greater than the degree of improvement in results 
in all surgical disca'^, it seems proper to ascribe to them an important 
part of the improvement m results m peritonitis. However, it must be 
remembered that the present analysis is incomplete The more detailed 
study to follow may reveal other differences between the tw o scries. 

SDMMARY 

1. The patholog)', diagnosis and treatment of acute appendicitis with- 
out and with peritonitis have been reviewed 

2. Tho concept of the contaminated peritoneum has been emphasized. 

3. A preliminary analysis of 1005 consecutive cases of acute appendi- 
citis during the years 19 13-1948 inclusive has revealed a striking decline 
m mortality as compared with a previous study for the years 193S-1937 
inclusive. 

4. This improvement in results has been ascribed in part to the use of 
sulfonamides and antibiotics 
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ACUTE INTESTINAL OBSTRUCTION 


Clarence Dennis, M.D., Pn.D.* 

In many quarters, acute complete bowel obstruction is considered 
rare. An estimate of the frequency with which it is seen in the 450 beds 
at the University of Minnesota Hospitals suggests that one new small 
bowel obstruction is seen on the average once each two weeks'® and one 
new colon obstruction about once a month.’ This is perhaps a higher in- 
cidence than might be expected, but Dr. O. H. Wangensteen has stimu- 
lated much wholesome interest in this subject, ns in many others, in our 
community, and therefore more eases are recognized and referred to his 
service here than would otherwise be the case. Of all cases of cancer of 
the colon coming to the University of Minnesota Hospitals in 1938 to 
1944, 9.5 per cent presented themselves with acute complete obstruc- 
tion. 

Review of several scries of cases has led to the conviction that a large 
share of our failures in the therapy of bowel obstruction may bo 
attributed to inaccurate diagnosis. The precise difTcrentiation of colic 
from ileac obstruction, of paralytic ileus from mechanical obstruction, 
of strangulating from simple bowel obstruction, of liigh from low ileac 
obstruction, must precede consistently successful management. 

In the past fifteen years, Wangensteen and his associates hero, and 
later others in various quarters, have demonstrated the possibility of 
successful separation of the cases of small bowel obstruction amenable 
to nonoperative intubation-decompression therapy in a liigh percentage 
of cases. The appearance of strangulating lesions which were not diag- 
nosed before surgery, and which in retrospect presented no clues which 
might have suggested the presence of strangulation, proved disturbing 
to our entire group. The development of the Wangensteen aseptic de- 
compressive enterotomy for evacuation of the distended bowel without 
contamination has provided the means to facilitate early operative inter- 
vention in almost all cases of intestinal obstruction regardless of the 
degree of distention. The recognition of the type and level of obstruction 
has thus become less imperative perhaps than earlier, in the choice of 
operative as against nonoperative management, but it is no less impor- 
tant in the decision as to the placement and type of incision to be em- 
ployed and as to the urgency with which preparation and intervention 
are dictated. These diagnostic matters have been amply discussed else- 


From the Department of Surgery, Uniyersity of Minnesota School of Medical 
Sciences, and the Minneapolis General Hospital. The investigative work outlined 
in this chapter was supported by research grants from the Graduate School of the 
University of Minnesota. 
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i3ys 

where, ^ anti tlio aA'ailaljle space will l>e uictl in preference for the re- 

presentation of certain tcclvnics 

MECHA,ltlSMS 0¥ OBSTMCTION 

X review of several years’ experience ut this clinic has given in broad 
outline the underlying meclianisms and the relative frequency thereof. 
In obstructions between the ligament of Treitz and the ileocecal junc- 
tion, external hennas account for about 40 per cent and adhesions and 
bands about 50 per cent In most years, nil other mechanisnjs comprise 
only 10 per cent. These include voUnilus, intussusception, gallstone ob- 
struction, internal hernia, neoplasm and othern. About 35 to 40 per cent 
of small bowel obstructions could well be treated by nonsurgical means, 
if we could but select the proper cases with unfailingacciiracy. 

In the colon, pnmary carcinoma Ims accounted for two-thirds of oiir 
obstructions, and of these, six out of seven have involved the left colon. 
Half the remainder have been due to Bigmoid volvulus. Other mechan- 
isms include diverticulitis, other pelvic infection, secondarj' neoplasms, 
and adhesions. 

mechanisms of death in untreated cases 

A full appreeiation of tlie available ihompeulic measures mur>tbc pre- 
dicated upon an a^va^cnc^3 of the lethal factors in the several types of 
obstruction. Strangulation obstruction, whether volvulus of the cecum 
or sigmoid, or some type of ileac involvement, m.ay kill by sufficient en- 
gorgement to lead, in conjunction w'lth vomiting, to drastic reduction of 
blood volume and death m shock. Failing tins, it may kill by perforation 
and peritonitis, or by sepsis if the necrotic bowel should be enclosed, as 
in a hernia sac or in intu«‘iu«ccpiion 

In the small gut, obstructions high in the ileum or in the jejuTmta lead 
to excessive vomiting of fluid containing most of the falivarj", gastric, 
biliaiy, pancreatic and duodenal secretions — a total of 5 to 12 liters a 
day. Rapid dehydration, acute chlondo loss and secondao’ uremia arc 
rapidly fatal, if not corrected If the block is low in the deum, most of 
this fluid is reabsorbed, an«l chemical imbalances are relatively unimpor- 
tant Here, however, the concensus is that lethal transpentoncal absorp- 
tion of toxic bacterial products may result from mucosal damage due to 
vascular impairment, which in turn is secondary to prolongerl distention 

In the colon, the process whicli Ulb, except occasionally m volvulus, 
is tension perforation and peritonitis. iUthough this rarely does occur at 
the obstructing carcinoma, the x-ast majonty of reported cases have per- 
forated at the cecum. Competence of the ileocecal valve, which renders 
the colon a closed loop, xvith ever rising pressure due to continual dis- 
charge of material from the ileum, leads to tension isciiemia of the an- 
terior cecal wall, the thinnest area and the largest in diameten Incom- 
petence of the valve, however, is do guarantee against cecal perforation. 



ACUTU INT1:STIN’\L OBSTKUC'riON 


1390 


DIAGNOSTIC CONSIDERATIONS 

Complete small bowel obstruction is characterized by persistent vomit- 
ing, which becomes fecal in character in three to five days.® There are 
also regularly acute increases in abdominal pain (cramps) whicli come 
everj’ three to ten minutes except in verj' late cases. Characteristically 
these cramps are associated with abdominal sounds of pitch higher than 
high C (or 512 per sec.). The degree of distention depends on tlic level of 



Fig 513. — Roentgen picture of abdomen of a patient with complete obstruction 

in the pelvic colon In this case the *. .• 

into the ileum, and true “closed loop’ 

0 H. Intestinal Obstructions, Ed 2 ’ 

the obstruction, being greater in the lower ones. X-ray signs are discussed 
elsewhere.^ 

Recognition of strangulation must be early to be helpful if one is to 
treat any cases by nonsurgical measures. The findings, any one of which 
is indicative of strangulation, are; history of sudden onset, back pain, 
shock, leukocytosis, fever, and signs of peritoneal irritation such as spasm 
and rebound tenderness. X-ray findings suggestive of a double colTec 
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bean appearance should be viewed with suspicion of strangulation. With 
our recent adoption of exploration of nearly all cases of small bowel ob- 
struction, early recognition of strangulation has as-sutned less impor- 
tance, although it may indicate particular urgency m some cases. 

In colic obstruction, most cases result from carcinoma primary in the 
colic wall. Here a history may be obtained of gradually increasing con- 
stipation, perhaps alternating witli diarrhea, of black or bloody stools, 
of \reight loss over some months, of previous metconsm or even acute 
bouts of distention and obstruction, relenting after enemas With acute 



A B 

Fjg 51-1.— Examples of varj-ing smouots of gas visible in the smaJi bowel lo 


obstruction from any cause, initial vomiting is the rule, but only half 
vomit more than two or at most three times, in contrast to the situation 
in ileac obstruction. Fecal vomiting is rarely seen in colic obstruction (8 
per cent) ' it is a result of the length of time material has been in the 
bowel rather than the level in question. 

In colic obstruction, peristaltic ni^es and cramps come at intcn’als of 
more than ten minutes, often hours or half-days. Clinical distention imy 


In a six year review of colic obstructions at this cimio m iu^4, an 
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was made to clarify the x-ray findings. Of forty-one cases ol acute colic 
obstruction, thirteen (31.7 per cent) presented no x-ray evidence of gas 
in the ileum and of classical marked colic distention (Fig. 513). Tivclve 
(29.3 per cent) showed just discernible gas in the ileum (Fig. 514A). 
Thirteen (31.7 per cent) showed definite distention of the small intestine 
(Fig. 514, B). Three (7.3 per cent) sho^Yed distention most marked 



Fig 515 —Example of varying amounts of gas visible in the small bowel in 
cases of colic obstruction. Scout film of the abdomen. Small bowel distention 
mote marked than colic distention (7 percentof series). (From Surgery, Vol- 15.) 

in the ileum (Fig. 515), and presented a clinical picture in two of the 
cases which could easily be confused with small bowel obstruction. 

It is apparent, therefore, that about two-thirds of these cases presented 
diagnostically conclusive x-ray evidence of colic obstruction and that 
careful evaluation of the history and physical findings were in addition 
essential in the others. The lemons of the right colon are most prone to 
be accompaiued by excessive vomiting and marked x-ray evidence of 
ileac distention. 
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PREPARATION FOR SURGERY 

Tlie obstniPtcd pnticnt slms greater or less dehydration, depending 
on the level of the lesion. Ileasonable evaluation of the degree is possible 
through hematocrit <lctorminations CTiemi'ca! status can best be estab- 
lished by determinations of plasma protein level, plasma chloride level, 
blood urea nitrogen and carbon dioxide combining power. In general, 
(he patient shoivmg clinical dehydration may be nasumed to have lost 5 
to 7 per cent of lus body weight, and the amount of water administered 
intravenously m the first twenty-four hours should be about 7 per cent 
of his body weight. Half of this infusion should be given in the two or 
three hours before surgerj’, the rest at a rate not exceeding 400 cc. an 
hour and preferably spread over the full twenty-four hours, to minimize 


500 — Plasma chloride (as mg per lOOcc NaCl) „ i i * \ 

X Body Koight (kg) 

A somewhat smaller amount is usually sufficient Until the plasma chlor- 
ide level has been reported, hydration can be nicely initiated by starting 
intravenous infusion of a mixture of equal parts of 5 per cent dextrose in 
distilled water and 0 9 per cent sodium chloride solution. In mo‘^t in- 
stances hydration and chlorination can be completed with this mixture. 

It 1 .S noteworthy that obstructing lesions of the nght colon usually pro- 
duce marked small bowel distention It is of paramount importance that 
cases of apparent ileac obstruction be carefully scrutinized to determine 
whether there is cecal distention, for right cohe cases fall es'cn ahead of. 
left colic and strangulating ileac lesions as the most acute and treacherous 
emergencies in the bowel obstruction field 


signs of strangulation that depletion below 6 gm. per 100 cc shouia uic- 
tate a day or two of delay for replenishment by transfusion. In all other 

e , rolon, the risks of delay 

vigorous use of plasma 


SURGICAL TECHNICS 

No attempt will be made here to cover completely the 
which may be omploj'ed- Rather, certain of them will be presented whicn 
liave proved themselves of particular value in the past few years. 

For incarcerated or strangulating hernia repairs 
patients, more satisfactory and safe anesthesia may be obtained by 
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cain block than by either spinal or general methods. In other instances 
the policy at the University Hospitals has been to use cyclopropane and 
oxygen administered thtougb a tracheal tube by a closed system 
machine; supplementation with curare by the intravenous route has 
simplified matters immensely. Most important, a good anestlietist in 
attendance widens the range of sui^ical possibilities 

Placement of a No. 17 or No. 15 needle for intravenous infusion into 
the cubital vein at the elbow offers a large degree of security, especially il 
cross matched blood is present in the operating room. 

^\side from hemioplasties, most emergency operations for intestinal 
obstruction arc exploratory in that the site of the block in the abdomen 
is unknown. Longitudinal or oblique incisions arc, therefore, to be pre- 
ferred in ileac obstruction, as they provide wider possibilities of extension 
and e.xploration. The right midrcclus is very s.atisfactor>’. Closure of 
the abdominal wall is most safely made with interrupted fine silk sutures 
of 3 or 4 pound tensile strength. Most of these patients may then safely 
be ambulatory the day after surgery, a measure which seems to have 
simplified the postoperative course immensely. In transverse colostomy 
a transverse incision is essential to regular success. 

Wangensteen nasal suction tubes arc placed in the stomach prior to 
surgerj’ unless the case has been treated consen’atively long enough al- 
ready to have a Wild tube down." Suction is maintained throughout the 
sojourn in the operating room and postoperativcly until sounds arc nor- 
mal and gas is passed by rectum, in the ileac obstructions, or by 
colostomy in the colic obstructions. This usually occurs two to three 
days after surgery. Nutrition by the intravenous route is continued in 
these cases until oral feedings are possible. 

Aseptic Decompression.— Wangensteen has described a method of asep- 
tic decompressive enterotomy" for dealing with marked ileac distention 
which permits safe exploration where indicated regardless of that disten- 
tion. The author has used the method with slight modifications in some 
two dozen cases, with entire satisfaction as to relief of distention without 
peritoneal contamination.* In many cases it would have been utterly 
impossible to deal successfully with the obstructive mechanism if pre- 
liminarj' decompression of the fragile, thin walled bowel had not first been 
accomplished. 

Use of Wangensteen’s aseptic suction enterotomy as modified in this 
series of cases may be performed with the set supplied by V. Mueller and 
Company or with equipment to be found in any well supplied operating 
room (Fig. 516). The essentials consist of an ordinary empyema trocar, 
a soft rubber catheter large enough just to pass through the trocar, a 
long piece of Penrose drain, connecting tubing, a Wangensteen suction set, 
and sterile glycerin. Secure ridges for provision of anchorage of the bowel 
to the trocar may be formed by slidmg three 2 or 3 mm. segments of 
hoavp^ snug-fitting rubber tubing onto the end of the trocar before auto- 
claving. The heat of sterilizing seals them securely. As indicated in Figure 
510, a piece of Penrose drain is tied on the sidearm of the trocar and 
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covers the entire external length of the catheter, being tied securely over 
a glass connector in the back end of the catheter. A half ounce of gl3'ccrin 
inside the soft rubber drain serves as lubricant. A second piece of Penrose 
drain is tied around the liandle of the plunger of the trocar to avoid leak- 
age from that source. A long segment of tubing connects the catheter to 
A Wangensteen suction set. About twelve holes, each 3 mm. in diameter, 
arc cut in the last G cm. of the catheter. 

In using the apparatus, the most distended free segment is delivered 
cautiously and mi^ed empty between the second and third fingers of tlie 
two hands of the surgeon, and Scudder clamps arc verj- gently applied 
to keep that segment emptj'. This maneuver allows contraction of the 
muscle layers and consequent thickening of the bowel wall so that a firm 
bite may be obtained for sutures without the danger of leakage through 
the paper thin walls present before emptying. A purse string of Xo. 00 
catgut on an atraumatic needle is laid, the purse string being 15 to 20 
mm, in diameter. A second purse string laid 3 mm. wide of the first is 
extremely effective in eliminating leakage later. A transverse incision 1 
cm. long down to the mucosa is made in the center of the purse strings, 
and the end of the trocar is secured to the bowel by tight tying of the 
catgut strands. Greater security is afforded hy tying each end over the 
sidearm of the trocar. 

Suction is first applied, and then the plunger of the trocar is used to 
perforate the mucosa and then drawn back. The catheter can now be in- 
serted into the bowel, and the Scudder clamps removed. 

the center exposes the intact mucosa so that easy perforation will be possible 
with the plunger point. 


solt rubber drains, lubricated with glycerin 

£>, Suction decompression. Very gentle lifting of the segments of bowel nill 
direct content to the catheter. The entire small bond can be emptied by this 
means, particularly if a 3 foot catheter is emploj'ed. 

a. Clean removal of the trocar. A transverse row of interrupted Lembort sutures 


uowei. 

f ’ , Closure of the defect. Traction on the ends of the prcplaced Lembert sutures 
appose® * — » — 

G,( ■ 

Halstf 
betwe 
been c 


sionofW H.Cole 
1949.) 




1400 


CLARENCE DENNIS 


It is now practicable to empty the entire small bowel above the site 
ol obstruction by very gentle threading of the catheter through the bowel 
in both <hn?ctions and by gentle elevation of the fluid filled loops to lead 
fluid to the catheter. 

Direction * 

after rather c 
of the bowel • 
absent or minimal. 

In some instances it will be found Uiat strangulation has rendered a 
segment nonviable In such cases it simplifies the procedure to have 
placed tlic trocar close to tins area, enabling the surgeon to resect both 
the gangrenous bowel and tlie troc.ar site in one segment. This is usually 
accomplished by selection of the most ibstcmlctl loop, usually the lowest 
one, for decompression 

If simple obstruction is found and relieved without resection, closure 
of the decompression site must be accomphsliet] To do this cleanly, an 
effective procedure is to preptace six to eight Lombert stitches in a trans- 
verse row m such fashion that tying after removal of the trocar will in- 
vert all the bowel involvwl in the puree strings and 0 6 cm more on each 
side. After prcplaccment of the sutures, tlic catheter is withdm%vn into 
the trocar, and the suction left m force. By traction on the catgut ties 
previously brought over the sidoarm, each purse string can be visualired 
and divided with a No 1 1 Barrl-Patkcr knife blade. A discard basin hold 
immediately adjacent to the bowel receives the trocar, and other instru- 
ments, witli minimal eliancc for contamination The Lcmbert sutures arc 
lied, completing the closure A second row of closure has been abandoned 
as unncccssar)'. 

The rather c.xtensivc inversion of tissue which occurs docs not occlude 
the lumen because of the marked stretching of the bowel produced by 
preoperative distention In no instance has clinical obstruction in the 
postoperative period been recognized. Oo a few occasions laparotomy for 
other lesions at a later time has made possible reexamination of this 
area. Except for the presence of suture, it is usually very difficult to dif- 
ferentiate this segment from others in the small intestine. 

Resection of Gangrenous Bowel. — Experience at the University Hos- 
pitals has shown that resection tvith primary end-to-end anastomosis is a 
practicable and safe method of dealing with small bowel obstmction in 
ivhich nonviable intestine is found • The anastomosis recommended is a 
modification of that of MaitzlolT and Burget One of the chief difficulties 
which this procedure is designed to overcome is tlie end-to-end union of 
segments of widely differing diameter without the formation of blind 
pockets or kinks 

The mesentery is meticulously cleaned from the distended bowel proxi- 
mal to the point of 
barge vessels in tlia 

crushing, anastomos . . , , „„v,s,,r 

mesenteric border, at an angle of about 75 degrees from the long aais oi 
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the gut. The clamp crosses the mesenteric border about (5 mm. below the 
edge of the unremoved mesenterj'. 

In order to minimize the danger of spillage of any of the content of the 
distended bowel during the later stages of the procedure, the contents arc 
cautiously milked back between the fingers for 10 or 20 cm. from the 



Fig 617.— t, Placement of the first anastomosis clamp on the distended bowel 
above the point of obstruction. The clamp crosses the bowel at an angle of 75 
degrees and at the mesenteric border about 6 mm. from the edge of the unremoved 
mesentery The bowel has been milked back and a rubber shod clamp is applied to 
prevent spillage. 

2, Placement of the second anastomosis clamp on the contracted bowel below 
the point of obstruction. The line of crush beginsfi mm. from the unremoved mesen- 
tery, crosses obliquctly two-thirds of the bowel and passes for a distncc parallel 
with the antimesentcric border before crossing the remaining one-third of the 
bowel, a. This length of crushed tissue, equal to that inf, is obtained by distorting 
the bowel with Allis forceps. This clamp is placed from the mesenteric border. 

(From Surgery, Gynecology and Obstetrics, Vol 77.) 

clamp, and a rubber shod intestinal clamp is lightly applied. This clamp 
remains in place until the completion of the anastomosis. 

Below the point of obstruction, the diameter of the bowel is usually 
one-third to one-half that above, and the anastomosis clamp must there- 
fore be placed much more obliquely to attain a length of crushed tissue 
equal to that above. Most satisfactory stomas liave been achieved by the 
application of the clamp from the mesenteric border with distortion of 
the bowel by Allis forceps lightly applied in such fashion that the line of 


140S 


CLA.nCNC£ DENNIS 


crush, beginning at the mesenteric border, crosses obliquely two-thirds 
of the way to the antimesentcric border, ften runs longitudinally doi\-n 
the bowel to gain the necessary length of crush before it crosses the re- 
mainder of the gut (Fig 517, S, 2o), The cleaning of the racsenteri’ and 
the placement of the clamp with regard to the cleaned area are accom- 
plished as on the distended intestine • 



Fig 51B — S, Cutting the bond between the dampa dcseribed in Figure 51" 
with the cautery To prevent epillagc addiUonal damp* are placed between those 


from each other as shown The bites are 5 mm. long ond the gaps between nues 
are 4 mm. a. Placement of each end bite parallel with the long axis of the gut 
assures good inversion later 

(From Surgery, Gynecology and Obetetries, Vol 770 


A similar clamp is placed betw'ccn the bowel to be resected and each of 
the clamps already described, a 3 or 4 mm gap usually being left be- 




1 Roxstomoses performed m 
al conditions the 
■tjonof the lamea 
. ation has proved 

uniformly successful under these circumstances in otuei 

ends of unequal diameter arc to be joined, such as X 

after right hemicolectomy, this typo of anastomosis has also proved X 

successful. 
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tween damps. The intestine is cut in the gap between each of these pairs 
of clamps with the actual cauterj' (Fig. 518, S). 

The anstomosis clamps arc laid side by side, thus bringing the bowel 
ends together with one end rotated 180 degrees with respect to the other 
about the long a.\is of the gut (Fig. 518, 4)- Ideally the lengtli of the area 
of crush in the two clamps is identical, tor by tliis precaution the most 
accurate apposition of the two ends can be attained in making tlio anasto- 
mosis. The clamps are rotated away from each other, and a running bast- 



Fig. 519. — 5, Placement of the anterior running catgut suture The clamps have 
been rolled together. 

G, Removal of clamps. Tension is applied to the two ends of each of the running 
sutures, the clamps are carefully loosened until the tips are spread 1 or 2 mm. and 
the clamps are cautiously and smiultaDcously removed. 

(From Surgery, Gynecologj' and Obstetrics, Vol. 77 ) 

mg stitch of No. 00 or No. 000 plain catgut on an atraumatic nee(ile is 
placed posteriorly, about 5 mm. being taken in each bite, with a slightly 
smaller gap (4 mm.) being left between bites. Subsequent inversion 
occurs spontaneously at the time of withdrawal of the clamps only if the 
ends of the running sutures arc properly placed ; inversion of the comers 
with instruments, which invites contamination, may thus be avoided. 
Each end bite of each suture must be about 5 or G mm. long and parallel 
with the axis of the bowel, and should emerge close to the clamp (Fig. 
518, 4o). 

The anastomosis clamps are now rolled together, and a similar running 
stitch is placed anteriorly (Fig. 519, 5). 
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Tension is applied to the two ends of (yich of the basting sutures, the 
clamps are carefully loosened until the tips are spread 1 or 2 mra>, and 
the clamps arc cautiously and simultaneously withdrawn (Fig oI9, 6) 
If the sutures have been properly placed, inversion of the cut ends of m- 
test me will occur with no further manipulation, and clean serosal appro-ri- 
mation w ill result. Tension is nuiintainedon the basting stitches while the 
emis of the posterior strantl are tied to the corresponding ends of the 
antenor strand. 



Fig 520 — 3, Tying of the HnlatcU mattresa sutures, with m.iintDiiancc of 
t ension on catgut strands The posterior side is treated in sitmiar fashion 

0, Rear view of onnstomnsw, showing placement of etitcli to doge the mesen- 
teric defect 

(From Surgery Gjnecoiogy "od Olistclries, Vo! 77 } 

With maintenance of tension on the enda of the basting stitches 
throughout, interrupted JIalstetl mattress sutures of 2 5 pound test si!h 
or cotton are laid anteriorly, ami tfie matt rc^ sutures are tieti just tighffy 
enough for snug apposition (Fig. 520, S) Tlic bowel is roliod over, and 
the posterior closure is similarly reinforced, tension being continued to 
this point on the ends of the catgut strands. Ten'sion on the basting su- 
tures is gradually lessened as the stoma is broken, itown by inverting the 
bowel below the anastomosis with a thumb or two fingers and thus push- 
ing through the stoma. Hie catgut lasting stitch, uluch is circular by 
virtue of the knots at the ends of the suture hnc, is bold taut by this de- 
vice while inversion Ilalstcd mattress suttiro are placetl at the ends i tie 
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catgut ends arc cut just inside the knots on one end and withdrawn alto- 
gether. They have ser\'cd to hold the bowel for placement of the silk 
sutures, and the lemoval of them leaves a one layer silk anastomosis, 
thus free of the delay in mucosal healing resulting from continued 
presence of the catgut. 

To close the mesenteric defect, a stitch near the center of the posterior 
suture lino is threaded on a needle and a small bite of each mesenteric 
edge is taken 3 cm. from the bowel (Fig. 520, P), and behind it, and thus 
the defect in the mesenterj’ is tied. From this point to the root of the 



Tig &21 — -The anastomosis clamp 9. (From Surgery, Gynecology and Obstet- 
rics, Vol. 77.) 

mesentery, interrupted silk sutures arc placed. Efforts to cover the suture 
line with omentum have been abandoned as useless. 

loff ■ ■ ■ ' ■ . 

clamp one may rely less on the springiness of the instrument to crush the 
tissue at the tip, and the clamps may therefore be more easily removed 
during the anastomosis. Deep, sharp, longitudinal, matching grooves are 
cut on the jaws ol the clamp (Fig. 521). 

The advantages of this tj’pe of anastomosis over many of those de- 
scribed in the literature are as follows : 

1. End -to-end anastomosis avoids the formation of the blind pouches 

• Clamps can be obtained from V, Mueller Company, Chicago. 
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which result from closure of botfa ends and sido-to-side anastomosis 
(Fig 522). 

2. End-to-end anastomoas necc^itatcs but one suture line, whereas 
closure of the ends and side-to-side anastomosis requires three lines. 

3. Aseptic procedure pcnnitsapposition of serosal surfaccsuncontam- 

inated with luminal contents, a pomt heavily supported by expenmontal 
work 

4. Obliquity of placement of clamps permits the best possible blood 
supply to the Imc of suture, for the Vf^cls follow' a circular course around 
the bowel and ate not, therefore, interfered ndth before reaching the 
suture line. 



Fip 523 —a, Schematio drawing to illustrate tho angulation resulting from end- 
to-end ansstomosss for botvd cut at 45 degrees and spposed without rotatioo. 6, 
The abviatiOQof angulation accomplished liy rotation of one segment with respect 
to the other IS apparent (Reprint^ from Surgery, Vol 5) 

5. Rotation of one segment of bowel with respect to the other mini- 
mizes angulation and therefore minimizes possibility of obstruction at 
the pomt of anastomosis, as shorni in Figure 522. 

0 Rotation of the bowel avoids the dangers of closure ivitbout pen- 
toneum at the mesenteric bonier; in other words, by this rotation peri- 
toneum IS provided on one surface or the other completely’ around the line 
of inversion.* 

7, This type of anastomosis avoids tlio danger of stenosis at any time 
in the postoperative period. There iiM been no case of dysfunction 
secondary to the quarter twist imposed on each end to be anastomosed. 

Uso of this or the ftfartzIoff-Burgot anastomosis should not be 

• la over esxty cimical cases and aixty expenmcctal anastomoses, no instance 
of leakage at the ends of the sutuie line, i.e , at the rocsentcric border on one side, 
has occurred. In ono case leakage has occurred ia the midportion, but here tne 
pcritoncura was found eontaminated with feces when the abdomen was nrs 
opened. 
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Fig 523,~-CIosed, ODe-lajcr, mlerruptcd w!k onastomosis o, Placement of 
first Halsted mattress sutures Note that the clamps arc placed not quite com- 
pfetefy across tfie &oweC The point of exit of sutures closest (o the modified Sfar- 
tzloH clamp is 7 mm from the cut edge of the boo el If the bowel is less than 
2 cm. in diameter, either smaller clamps may be Used, or the sutures may be placed 
immediately adjacent to the clamps and the clamps removed before tying the 
stitches, or, preferably, the two layer, oblique, end-to-end anastomosis may be 
used, best with withdrawal of the inner calgnt basting stitch after completion of 
the silk suture line. When the distance from the cut edge of the bow'cl to the 
stitches is more than one-third the length of tissue along the crushing clamps, 
real danger of obstruction is present, b. Completion of b.ack side of anastomosis, 
tj'ing also over ends of clamps, c, and d. Front side of anastomosis, c, Removal of 
clamps — delayed until all but two sutures have been tied- /, Completion of anas- 
tomosis by tying last tw'o sutures after removal of clamps. The total number of 
sutures for intestinal anastomosis has varied from U to 18. (From Annals of 
Surgery, Vol. 126.) 

attempted by those unfamiliar -with intestinal suture until some e.xper- 
ience has been gained in the dt^. Difficulties may arise from improper 
placement of the catgut suture, tearing of the friable distended bowel by 
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use of heavy instruments or too hcavj’ sutures, and postoperative ad- 
hesion formation at the site of placmient of the Scudder clamps. There 
IS no need to resect bowel because it is distended or because it fails to 
contract on stimulation by snapping with the finger, or because it docs 
not oiler normal resistance to placing tho needle. The greatest gentleness 
will be rewarded by absence of postoperative cramps or obstruction. 

In infants in whom intussusceptions prove irreducible or frankly gan- 
grenous, resection is essential Gross and Ware ha^'e reported a meth^ 
in which a temporary double barreled ileostomy or ileocolostomy is closed 
after three to four days.“ Ilia la an enviable record, and the first to be 
presented with lou mortality To the author it has seemed more direct 
and neater to do a primary clo^ anastomosis. Here both the upper and 
lower segments arc large m djamclcr, and the anastomosis may be done 
over narrow anastomosis clamps without tho tomooraiy use of catgut 
(Fig. 523) 

Much discussion centers about the choice of closed as against open 
anastomosis ^^^lerc good preparation of the bowel is possible, it does not 
make much difference which is used In obstruction cflises this is not 
true, and comparison of open as against closed annstomosis eerics. both 
in the laboratorj' and clinically, shows that the results have been dis- 
tinctly better where serosal contamination has been minimized by closed 
anastomosis ' 

Femoral Hernia with Gangrenous Bowel."— Under local block anes- 
thesia, a vertical incision is mode over the bulge in the groin and earned 
cautiously down to the peritoneal sac. The contents of the sac can be 
visualized through the remaining wall , bloody fluid, pus, feces, or black 
boivel can usually be readily recognized (Fig. 521, o). 

In case any of these indicates tho presence of gangrenous bowel, dis- 
section in this area is discontinued, and an incision is made 2 cm. above 
the inguinal ligament and parallel to it, and the vertical incision is con- 
tinued upwanl to it to make a T-^haped incision (Fig 524, 6) The apo- 
neurosis of the external oblique muscle Is split parallel to the ligament 
and about i cm. above it, and extended into the external inguinal ring. 
The margins of the internal oblique and trans^’ersu3 muscles (and the 
cord if the patient is male) arc elevated, the deep epigastric vessels are 
divided and ligat«i, and the peritoneum js incised parallel w’ith the ob- 
lique skin incision. 

From this vantage point, the viscera entering the hernia may be easily 
seen. Omentum, if involved, is easily divided and ligated close to the 
neck The small bowel entering the sae » prepared by division of the 
mesenteric attachment from the proximal to Uie distal side of the iiwar- 
ccratcd loop of bon d. Two Ochsner clamps arc placed across each of these 
limbs of bowel, and the ilcum is severed between each pair with the cau- 

^ftcr the gangrenous sac contents have been free<! from intra -abdom- 
inal attachments, the inguinal ligament is divided dose to the pubic 
attachment and split l.atCTally, leaving wvough heavy aponeurotic tissue 
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applied to the front of the neck of the sac to prcvoiil relaNatiou of t!io 
neck anti release of the soiled content *1110 sac is encased in a mthcr timi 
}a3'cr of fascia derived from the femoral canal Di« 5 >ect ion outside it frees 
the entire sae except for the residual fibrous portions of the ring, which 
can then be cut under direct vision from the surrounding tissues and left 
on the neck of the sac (Fig 525 ). Palpation for an anomalous obturator 
nrterj’ adds an item of safely here Tlic entire contaminated area maj' 
then be removed intact, without soiling of the remaining field. 

Further preparation of the remamir^ boa-ei ends may then be done 
easily, and oblique, aseptic end-to-end anastomosis is performed as for 



Fig —Femoral hernia «ith gangrenous boKvl Skm incision ■ a, for recogni- 
tion of gangrene, without opening sac , b, completion of incision after recognition 
of gangrene. (From Surgery, Vo! 22 ) 


any case of resection in the presence of obstruction. Following closure 
of the mesentery, the bowel is dropped back into the abdomen. Perform- 
ance of the anastomosis is facilitated hy placement of the posterior silk 
row as interrupted. Cushing stitches before use of the running catgut- 

Closure of the peritoneal defect in the repair of the hernia is easily 
accomplished because of the u:^al mobdity of the pentoneum in this 
area. Closure is usually made by mterrupted mattress sutures of 2 
pound teat silk, approximating the margins of the defect resulting from 
excision of the sac in a vertical line and closing the origmal oblique 
pentoneal incision in a line parallel with the original opening. 

Repair of the hernial and surgical defect is simplified by application of 
the principles of the McVay-B^rfcins modification of the Lotheisen 
hernioplasty. The margins of the internal oblique and trans\’er5e muscles 
are sutured to Cooper’s ligament as far laterally as the femoral vein and 
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to the ingujuiii hguraent lateral to that point (ilie coni m the male or- 
dinanly being left external to this layer) A itcVay-IIarkins relaxing in- 
ci^^jon may be made m the posterior layer of the anterior rectus sheath if 
needeti to gam approximation vsthout tension 
ITie Inguinal ligament is restored easily by mtermpliKi sutures of 3 
pound test silk, approximating it os far medially as it will go without 
undue tension, to the facunar fig^ment and to Cooper's ligament 



The aponeurosis of tlie cxlcma! oblitiuc muscle is finally approximated 
with internipted silk (ox’cr the cord m the male), completing the henna! 
repair proper Silk closure of the skin is used without dramage 
If no evidence of necrosis is apparent upon first exposure of the sac, it 
is well to dissect the sac ratlicr widely and to place moist packs about it 
before incision of the sac ivall. 

in case no nonviable bowel la encountered, tho sac, of course, may m 
widely opened, tho hernia reduced by enlarging the neck medially, and 
the repair done entirely from below 
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Transverse Colostomy. — Althou^ the possibility of primary* surgery 
upon obstructing colic lesions appeals to the imagination, experience has 
sho^vn that the risk is more than twice as great os that of preliminary* 
decompression followed by resection after recovery* from distention. 
These results are consider^ due to edema and poor circulation in the 
thinned and stretched bowel wall, combined witli actual bacterial in- 
vasion from the lumen. Only after tliosc cluinges have been corrected by 
recovery after dccompresaion, has surgery to the lesion itself proved 
feasible. Decompression of the distended colon seen in acute obstruction 
IS to be regarded as a surgical emergency. 

Among most surgeons, ceeostomy has long been considered the pro- 
cedure of choice for dccompres.sion of the distended colon. Because of the 
impossibility of really aseptic decompression by cccostoray and the diffi- 
culty of complete delivery of the cecum in the presence of marked dis- 
tention, the mortality is high in that procedure; ‘iVangcnstccn states that 
the mortality associated with this operation at the University of Min- 
nesota Hospitals was nearly 50 per cent, a figure corroborated by Camp- 
bell* and others. 

Several years ago, Wangensteen suggested that decompression in acute 
left colic obstruction be accomplished by transverse colostomy ^ He 
emphasized tliat the incision could be precisely placed over the distended 
transverse colon to be exteriorized if a preliminary scon t film with a coin 
on the umbilicus was made (Fig. 52C). This is a sound precautionary 
measure. Wangensteen particularly emphasizes m his teaching at the 
clinic here that this procedure must be done through a transverse in- 
cision, preferably cutting across the right rectus muscle halfway betw'ccn 
the umbilicus and the jyphoid. Patients have been referred to this hos- 
pital after attempts to accomplish decompression of the transverse colon 
through vertical abdominal incisions, and this procedure ha-s failed be- 
cause of inability to deliver the distended transverse colon throu^ such 
an incision. Decompression of the bowel xntroperitonoally in order to 
{aeiktale delivery through a vertical incision invites the hazards of cecos- 
tomy. Such decompression prior to deliverj* is almost never necessarj* 
after entr>' through a properly placed transverse incision. 

In perfonning transveree colostomy, the colon is elev'ated over one or 
two glass rods and further fixed by fine silk sutures securing the omentum 
and fatty tags to the peritoneum and rectus sheath (\Vangensteen). In 
the presence of distention, no sutures are placed in the bowel wall proper 
Massive petrolatum dressings are placed to cover all the field but a small 
area of the bowel before msirtion of a hypodermic needle for decompres- 
sion. If the bowel refills quickly, it is aspirated every* few hours during the 
nest two days; at that time a 6 cm. longitudinal anterior cut is made with 
the cautery*. The glass rods are rcrao\-ed at ten days. This procedure 
accomplishes complete deviation of the fecal stream, a matter of some 
importance in subsequent suigical proccdures. 

Primary Resection of Right Colic Obstructing Cancers.-— In obstruct- 
ing cancers of the right colon, the problem is simplified because the asep- 
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t.c decompression mancuvor may eastfy be applied at the termma! ilcatn 
uidi decompression of the colon by passage of the catheter through the 
ileocwa! valve, follmved by immediate n^t hemicolectomy with priman- 
closed deotransveree colic anastomosis Such o plan iias been used five 
times nithout incident, ivitli tiniform rccoveiy, and with early dismissal 
from Iho hospital. One would erpect better long term results because of 



Fig S-0 — Technic or decompressing Ihe distended colon Sketch of a radiogram 
from a c»sp ^ fivc-ccnl piece 13 taped over llie umbilicus In thoinsert, on the 
left, the actual size of the nickel drawn to eeaie is shown m o The 33 per cent en- 
largement on the nntenor abdummsi wall is shown m f» The intestinal cods within 
the abdomen are cnlari^cd 23 per cent In the insert on the right, the method of 
deflating the colon on completion of the operation is shown After a few such as- 
pirations, the bowel 18 incised and a tube w inserted before it is finally cut for 6 
cm longitudiiiaiK The tension in the bowel is determined before its eontents arc 
aspirateii (From Wangensteen, O Jl . fntestina! Obstructions, Ed 2 , Springfield, 
III .ClnrclesCTIiuinas, jgiS) 

earlier removal of the olTcmlmg carctnoma, but no data are available 
on this point 

Reduction of Volvulus of the Sigmoid Colon. — Dr Christian Bruns- 
Kaanl of Ullcvsal ilospital, Oslo, Norway, recontb’’ spent a year with us 
lit Dr. Wangensteen’s clinic Ills report of proctoscopic deflation of the 
tlislendtd sigmoid involveti m totsion* was suppiemented by repeated 
demonstrations of the cfltc.aej' ami safety of the method. 

In patients guffering volvulus of the sigmoiii colon, in whom no cvi- 
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deuces of impaired viability aro present, insertion of a proctoscope iintil 
the spiraling folds of mucosa can be seen (at from 15 to 25 cm.) facilitates 
the pas-sage of a soft recta! tube into the disteudod sigmoid loop. 
The brisk escape of gas and liquid heralds a succos.sfuI result. As Bmus- 
gaard and Wangensteen demonstrated, elective pnmarj’ sigmoid resec- 
tion some two weeks later safely relieves the patient of the high risk of 
recurrence. 

In event of evidences of loss of viability, laparotomy with ederioriza- 
tion of the sigmoid loop is essential and may ^ followed by later clo.=iurc 
of the resultant double-barrelled colostomy. 

CONCLUSION 

An absolutely essential factor to the consistently successful manage- 
ment of bowel obstruction is accurate diagnosis. Fatients with badly 
depleted nutritional status may ha\*e surgerj' for acute complete bowel 
obstruction deferred only if signs indicate the process to be a simple small 
bowel lesion. Right complete cohe obstructions appear to present the 
most acute surgical emergency m the whole obstniction field, with left 
cohe and strangulating small bowel lesions sharing second place. Witli 
the advent of the Wangensteen aseptic decompression technic the era of 
routine nonoperative management has passcfd, and the well trained sur- 
geon is safest to explore all cases of bowel obstruction. The ^■mall bowel 
and right colic lesions are best cxiilorcd through a vertical or oblique 
incision; in loft colic olistructions a nglit upper transverse incision is 
recommended for transverse colostomy. 

More direct technics have reduced the risks in strangulating hernias, 
m marked distention, m right colic obstruction, in intussusception, and 
in vo\\’ulu3 of the sigmoid colon. Despite these toclmics, progress can be 
expected onl 3 ’ bj' careful attention to water and salt balance as Coller 
and his gioup liave stressed, and to the protein metabolism of these 
usually debilitated patients 
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tic decompression maneuver may easily be applied at the terminal ileum, 
with decompression of the colon by passage of the catheter through the 
ileocecal valve, followed by immediate nght hemicolectomy with primary 
closed ilcotransverso cohe anastomosis Such a plan has been used five 
times without incident, with uniform recovery, and with early dismissal 
from the hospital. One would e-tpect better long term results becau':e of 



I'jg 520 — Tcclinic of dfconiprrs'tinRtlie distended colon l^kctci) of a radiogram 
from a case V fi%e-cont piece is ia|>eil over the umbilicus 2n the insert, on the 
left, the actual sue of the rocket draan toecaie isehaan in a The 33 percent en- 
largement on tlio anterior abdominal wall laalionn mfc The intestinal coils ’Mthin 
the abdomen are enlarged 25 per cent Jn the insert on the right, the method of 
deflating the colon on completion of the ojwration la shown After a fen such as- 
pirations, the bone! is incised «nd a tube ta inserted before jt is finally cut for 6 

cm lotigiludmally The tcnsioit m the l»o«cl la determined before its contents are 

aspirated (From Wangensteen, O H , InteatinalObstTUCiions, Ed 2, Springfield, 
III , Charcles C Thomas, 19!S ) 

earlier removal of tlic oITciidiUK carcinoma, but no tlata are available 
on this point , 

Reduction of Volvulus of the Si^noid Colon. — Dr. Christian Briius- 
gaiml of Uilcviiid ffospitnl. O^o, Norway, recently spent a j-c-ir "ith us 
at Dr. Waagensteon’a clinic, fits report of proctoscopic deflation of Ihe 
(!j&tend«l sigmoid mvolvotl in torsion* was supplemented by repeateti 
demonstrations of the efficacy' tmd safety of the method. 

In patients sufToring volvulus of tlie sijpnoid colon, in nhom no cvi- 
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The surgical management of colon Icaions has kept pace with the 
general advances made in surgery in recent years. ^Iany factors have 
entered into the situation and it is not proper to stress any single feature 
in this development. Excellent results are obtained in some clinics 
without the benefit of some of the newer aids available. It is quite 
possible that the routine methods wc now use are not necessarj' in ever}' 
detail in all cases. Wc /cel howcv’cr that in a teaching clinic, it is better 
to leave as little to chance or to judgment as wc can. The omission of 
one detail may, on occasion, result in failure. In the formative years of 
a surgeon, it is well to expose him to carefully planned and accurately 
e.\eculcd procedures. Kis contributions towards improved methods 
are more apt to be sound and valuable after he has reached some ma- 
turity. We do not wish to imply that the following details represent tlic 
only satjsfactorj’ metiiods of handling these cases, but we present them 
as a plan of management that has worked out well in our bands. Our 
remarks will be confined largely to the treatment of malignant lesions 
of tbe colon and wo will present the data on such cases operated on by 
us from 1943 through 1948. Comparison between these and a group 
of patients treated prior to 1943 will be made. 

diagnosis 

Since the operability and often the curability of lesions of the colon 
depend on early diagnosis, it is important that educational programs 
he continued along th^ lines. In an earlier report,* we found that the 
average duration of sjTnptoras in patients with carcinoma of the colon 
referred to us was seven months. In the present series, the average was 
4.5 months. Although this does not seem to have materially influenced 
the resectability percentage, it may well have a beneficial effect on the 
cure rate. 

The most frequent sj'mptom is change xn bowel habit. The patient 
may ignore this but more often the physician fails to interpret this early 
sign correctly. Distress, awareness of discomfort or actual cramplike 
pains may bring the patient to the doctor. Blood in tbe stools nearly 

‘Formerly Lecturer in Surgery, Harvard Medical School-. Consultant lo Sur- 
gery, Masaachxisetts General Hospital, Boston. 

tAsaistant in Surgery, Harvard Medical School; Aasistant Surseon, Massa- 
enusetta General Hospital, Boston. 

tAss^iate in SuTEcry, Harvard Medical School; Associate Visiting Surgeon. 
Massachusetts General Hospital, Boston. 

^ Id 
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Jilttjiys {i!arm<^ tlio pahcnt and he seeks advice Quite often, the patient 
accidentally palpates a» alxiinnmal tumefaction and asks to be in- 
vc#ti»ited Tlicrc arc a fc%v patients w'ho appear m a state of complete 
obstruction of siiort dnratjon and do not admit any prodromal symptoms 
or signs 

A careful abtloniinal txamination la the brst maneuver indicated 
One may feel a tumor but more often not There maj' be some distention 
or tenderness which is usutdly provimal to the tumor Increased peristal- 
tic sounds may be audible througJi the stethoscope The liver wige may 
bo low and in late cases irregular from metastasos 

Reclal ciamtnahon should be made in a routine manner even though 
the lesion suspected may bo «ell above Uic rectum. lu the Sims position 
with the patient straining, lesions quite high m the rectosigmoid region 
may be brought down against the palp.ating finger. TIic patient should 
then be examined bimanoaUy in lithotomy position, which permits 
the palpation of sigmoid tumors quite readily and occasionally reveals 
a mass in the cecum that was not felt vvhdc the patient was supine. 

Stgmoidoscoptj should be earned out even if tlic lesion is known to be 
located well above the range of the instrument Polyps in the loner 
bowel are often found nncI these should bo carefully noted for future 
treatment. Biopsies of many sigmoid tumors arc c.isily made under 
vision with a long eutet Blood may be eccn coming from a lesion well 
beyond the range of the sigmoidoscope. 

Iioentgcnoo''Ofns should not be made until all of the above ovaminations 
have been done. Too often, the patient w sent directly to the v-ray 
laboratory for barium enenw lieforo any other examination lias been 
made At tunes, this may prove dv^astrous since lesions may not be 
obstnjctmg m the antipcnstaltic direction and the whole colon may be 
filled with baruim above an obstruclmg lesion Tliis situation greatly 
increases the hazard of treatment scout film of the abdomen is all 
that one may need to postulate wjih reasonable accuracy the location of 
Ibe lesion 'Hie gas pattern is often observeil m the proximal bowel 
coming to on abnipt end at the site where the obstniction exists Having 
done this, one may verify the eitimlion by a carefully given barium 
enema m close cooperation w'llh the roentgenologist Fortunatcb’ m 
most of those obstructing lesions, the liarium is definitely halted at the 
site of the tumor. In doubtful lesions pbown in the x-ray films, it is 
imperative to repeat the examination under ideal conditions Under 
no circumstances should patients mth low abdominal complaint be 
given a barium meal as tlie first diagnostic procedure 

iOCATlOH OF THE LESION 

From vital statistics, one w led to believe th.at there arc about twice 
as many carcinomas of the colon as there arc rectal cancers There is 
a certain amount of confusion m the minds of many concenimg tne 
exact divkling lines m the vanous si^cnts of the large boivcl. inese 
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arc not too important provided one docs an adequate cancer opcnition 
for tlie lesion that is found. We have clvoscu to divide the colon in 
segments depending on the blood supply'. "This is outlined in such a 



INCIDENCE OF CANCER OF COLON 1943-1948 


Fig. 527 —The siEtnovd w\on, represenling 54 per cent ot the resections, has 
been iliagramraaticaUy divided to shon* the area of the resection in winch it was 
necessary to mobilize the pelvic pcntoueal reQcciion (24 per cent) and that in 
which this procedure was not necessary Actuary , in nicst )ow resections s-Kf. 


, . jj.ji., auiicnor 

hemorrhoidal. 

manner that removal of the first and main lymphatic spread can be 
accomplished (see Fig. 527). 

The right colon including the cecum ami hepatic flexure grouped 
as one segment nas the site of 23 per cent of the cases in this scries 
The midtransverso colon was involved in S per cent; the splenic ilcvuie 
and descending colon in 15 per cent, and the sigmoid m 54 per cent 
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(Fig. 627). There are a few instaaces of lesions in the rectosigmoid or 
actually in the upper rectum that may be included in the sigmoid group 
because they were treated in the same manner, i e., by resection and 
anastomosis 


PREPARATION OF THE PATIENT 

The proper preparation for operation of patients w»h carcinoma of 
tJie colon is influenced hy the degree of obstruction present. In com- 
plclchj obstrucUve lesions, the first concern »9 immediate proxjmal de- 


CARCmOMA OF THE COLON 



compression. This can rarely be done wth the AIiHer-Afabott or Harris 
tube, but such a tube should bo started c\'cn if the gas pattern does not 
indicate small bowel distention Blood transfusions and intravenous 
fluids should be given m adequate arnounts immediately 
Completely obstructing tumors of ffie right colon ate less coflimon 
than those of the left colon. tVhen fhvy do occur, n preliminary ileotmns- 
verse colostomy is indicated. In the midtransverso and sigmoid colons, 
obstruction may be best treated by cccostomy. Transverse colostomy 
IS preferable for left colon obstnietion when this can be safely done 
At times, this procedure may be carried out a few days after cecostomy 
in very ill patients in the late stagea of obstruction. Barely, if ever, 
is one justified in a direct attack tm the r^tructing lesion as a primary 
procedure. The few days' delay in tlic preparation of the patient and 
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his colon is well worth while and is gratifyingly rcUectod in the opcrutiv(j 
mortality. In this series 27 per cent of the whole had some tj'pe of 
prelirainarj’ surgical proximal decompression (Fig. 528). 

In the majority of •patients seen by us, obstruction is not complete 
and, in fact, many of them have no obstructive symptoms at all. In 
those with sufllcient obstruction to allow an abnormal amount of fecal 
material to have accumulated in the bowel, attempts should be made to 
eliminate this material. Saline cathartics, such as magnesium sulfate, 
usually are effective. Such measures, however, should never be used 
when the scout film shows marked gaseous distention of the proximal 
colon. In most instances there is little evidence that the tumor has 
caused any obstruction and these can best be treated without cathartics. 
We have found sulfathalidine, 8 gm. daily for five days, an eflcctivc 
drag to cleanse the bowel and our results would strongly suggest that 
virulent organisms were markedly reduced by its use. Wc have used 
streptomycin by mouth, 1 gm. twice daily for forty-eight hours, instead 
of or in addition to sulfathalidine with good results, 

During these days of bowel preparation, the patient is brought to 
a normal balance in hemoglobin, fluids and electrolytes. His prothrombin 
time is determined preoperativcly. He is kept at rest in the hospital 
but not in bed save for about half his waking hours. He is encouraged 
to walk when out of bed. An optimistic attitude is maintained with 
reassurance that he will survive his operation. Wc feel that from five 
to seven days’ preparation is indicated for the average patient. 

ANESTHESIA 

The surgeon may choose the anesthetic best and most satisfactorily’ 
administered in his clinic. If spinal anesthesia is used, it is often worth 
while to add a small amount of nitrous oxide and oxygen or pentothal 
sodium. There are many advantages to spinal anesthesia from the 
standpoint of muscle relaxation and the decreased need for manipula- 
tion of the small intestine. The occasional unsatisfactory anesthesia 
and the rare serious meningeal or peripheral nerve irritation dampen 
one’s ardor for the method. Cyclopropane with intermittent doses of 
curare appears to be satisfactoiy in the hands of some anesthetists. 
Dependence on pentothal sodium and curare alone seems open to ques- 
tion in these comparatively lengthy procedures. An expertly admin- 
istered gas-oxygen-ether mixture in a closed machine has found more 
favor with us in recent years than any of the other methods that we 
have tried. It is necessary to have the patient confortable and to main- 
tain his blood pressure during the procedure. At times, small doses 
of neosynephrin may be used to advantage. Every anesthetist should 
be adequately trained in bronchoscopy, since the aspiration of bronchial 
secretions may, on occasion, save a life and often spectacularly relieve 
cyanosis. 
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INaSIONS 

Ttierc may be Jittle noccl for a paragraph on incision'? in a report such 
as this Perhaps it would suffice to say that adequate exposure of the 
region is noccssarj'. It must be liome m mind, however, tliat these 
wounds need proper closure, and that cut nerves, iJoorly planned in- 
cisions and wound infection may result in dehiscence and ultimate 
hernia in ecar We most often use long paramedian incisions, retracting 
the rectus muscle latcmlly Obhquc wounds are entirely satisfactorj- 
for the usual sigmoid resections Transverse meisions are adequate for 
the trans%’cree colon A combination of tmnsvcrac and oblique incision 

CARCfNWA OF THE COLON 
PCRC^MTOf OPCN ANJtSTOMOseS BY YEAfiS 



is useful at times, particularly for small lesions of the splenic flexure. 
One must not lose sight of the po3sibiht3’ of having to release the at- 
tachments of the splenic flexure in a considemblc number of left colon 
tumors, Since the nodal spread may make it necessary to remove a 
very long proximal segment. 

TYPES OF OPERATION 

It must be said that many cxpcnencofl surgeons have had sucli ex- 
cellcnt results from some variety of exteriorization (Mikulicz) operation 
that it would be entirely out of place to cnticizc the method. We believe 
tliat the obstructive resection of Rankm is tlie best of those procedures 
and is more universally practiced than any other. One must take into 
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accovint tUe time required for closure of the doublc*barrcIl«I colostomy. 
In the pre-antibiotic daj*s, this was a small price to pay for the added 
safety. . 

We have alwaj's used end-to-cnd anastomosis following resection for 
cancer of the colon. In our earlier reports, we stressed the importance 
and added safety of so-called aseptic anastomoses. The basting stitch 
technic modified after Parker and Kerr was satisfactory in our hands 
and we still use it if the bowel has been improperly prepared. Our most 
common use of it now is in the prcliminarj' ilcotransverso colostomy 
in obstructing carcinomas of the right colon. Wo have become increas- 
ingly more confident in a properly ewcuted open anastomosis in a 
well prepared bowel (sec Fig 529). 

TABLK I 

Portions of Contact Organs Pesected in Primary CARCisosrA of the Colon 
W43-104S 150 Ca‘«cs 


Uterus and adnexa . .... 13 

Small bowel . • ... 9 

Abdominal wall • • • • .... 9 

Bladder . . • . . . 5 

Stomach ... . . 2 

Duodenum . • • 2 

Spleen . . ... ... 2 

Gallbladder, liver, kidney, seminal vesicles, pancreas, diaphragm, each 1 . . . 6 


48 


OPERATIVE TECHNIC 

WTiatever method of attack one may favor for lesions of the colon, 
it is imperative that certain basic principles be kept in mind. Our first 
consideration is the life of the patient. This is so closely related to our 
desire to cure him of his disease that we may become confused in the 
issue. Too often however, lesions with contact disease in other structures 
or fixation may deter the surgeon from a radical effort (Table 1). We 
believe that one should resect all gross disease including l 3 mph nodes 
whenever possible. Pesection of the primary tumor, with its nodal 
spread, is justifiable even in the presence of liver metastases. Life 
expectancy is much greater when liver involvement is secondary to 
cancer of the bowel than it is when such invasion is associated with 
cancer of the stomach or pancreas. There can be no question that resec- 
tion of an obstructing lesion of the bowel is the best method of treating 
the obstruction regardless of the extent of the process. Simple resection 
of the primary tumor without regard for the nodal spread is unjusti- 
fiable. 

A successful extirpation of the disease must include a sufficient segment 
of normal bowel above and below the growth to include the mesentery 
and nodes to the limits of the blood vessels supplying that general 
region. In our schematic diagram of the five segments that we have 



1428 


A. \V. AXLEN, O. K. DONALDSOM, C. E. \VEI.CK 


used to group the lesions we have tnated, it is obvious that there must 
be some overlapping. Thus, it may be necessary, oa occasion, to include 
two or even three of these segments in an effort to remove all involved 
nodes. Occasionally such extensions may be necessary because of mul- 
tiple tumors. The chief factor to keep in mintl is that all of the diseased 
portion must bo removal if such a ppoewinre is compatible with life 
{Tig 530) 


EXTENT OF RESECTION IN CANCER (5F 'COUON' 
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Fig, 630 —The above figures mdicato in eacU (ostance the actual average JengUi 
of bowel in esch segmental resection » rocasutixl by the pathologist Again, the 
sigmoid colon is diograKvtnatically divided by thOTC low resections requiring 
mobilization of tho pelvic peritoncaj reftesion. In most of these resections, the 
proximal dtssoctujn was more extensive and included the aigtnoidsi vessels. 


Anastomosis.— Having extirpated tlie dtwaso, one must then take 
into consideration the restHution of bowei continuity' A successful 
anastomosis depends upon eoveral factors. These arc adequate blood 
supply, accurate suture and fack of tension at the suture hne Closely 
following those in importance arc minimal contamination and the closure 
of mesenteric traps.' ft has been our experience (hat in the majonty 
of colon resections, one can approach the nodal area more eltectively 
if the bowel is transected between thin bfaded clamps witli the caw top- 
early after lateral mobilization has been achieved. Usually this earl} 
transection is through the proximal segment; the distal segment is 
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t^anseute<i utiti tiie dis&ection of nodal areas, blood supply and mesentery 
is complete. Rarely have wc found that complete mobilization uith 
excision of the entire specimen at one time is attended with as much 
Kitisfaction as the method described above. Mobilization and transec- 
tion of the most accessible end of any portion of the gastro-intcstinal 
tract early in the procedure makes the dissection of the more adherent 
region much easier. 



Fig. 531 — Area of resection in open end-to-cnd anastomose. 

Having removed an adequate segment of normal bowel on both sides 
of the tumor with the entire blo^ and lymph supply to the re^on 
(Fig. 531), one then proceeds with the anastomosis. In most instances, 
it is possible to see pulsating blood vessels along the margin of the ends 
of bowel to be approximated. At tiroes, however, one must rely on the 
appearance and color of the tissues. If there is doubt concerning viabil- 
ity, it is best to resect at a higher level or exteriorize the bowel ends. 
We have felt that removal of fat tabs near the suture line was hazardous 
and should not be attempted. To he sure, this maneuver can be meticu- 
lously accomplished in such a manner that the bowel ends appeared to 
be still viable. Such a procedure is time consuming and dangerous in the 
hands of the average su^eon and is entirely unnecessary. Sutures can 
be placed in proper position with, almost complete disregard of the fatty 
• structures on the surface of the bowel. These fat tabs carry terminal 
vessels that play a role in the proper nourishment of bowel wall. Those 
that may be occluded by the suture are unimportant in the healing 
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process'^. Leakage at {he suture hue «ili occur less often if these fatty 
structures are included in the sutures than if they are first removed. 

(Fig. 532) —We place ft posterior row of internjptcd No. 30 
cotton sutures dose enough ti^cther so that an average of twelve of 
tlicso are used. These sutures arc tied before the clamps are removed, 
if possible, ami we c.stimate that they will rc&t about { inch (5 mm.) 
from the cauterized, cruslicd end of the bowel. After a second walling 
off procetlure, the damps are removed one at a time. Usually the distal 
dump is removed first and the seared edges of the bowel gcntlj' separated. 
With the sncUon Tt?fi{ly but whbin axti, any k-ca) material near the 
site of suture is gently removed with small, moist pledgets of gauze. 
'Hien the proximal clamp is removed. In a ncH prepared bowd, there 
IS rarely much gas or fecal matter that cannot lie completely controlled 
by small gauze wipes Occasionally the suction tip is needed on the 
proximal end 

A posterior continuous row of fine chromic gut on a small atraumatic 
needle is then introduced, great care being taken to draw tlie suture 
firmly but without tension , an over-and-over stitch is probably better 
than one tliat is locked. The usual sue of catgut used is No 3 zero 
This accurate approximation of the nuicosil edges is for licmostasis 
mainly but does give the liowel a few days to adhere over the moderately 
broad serosal surface between the two suture hnco Although there moj* 
be a slightly constricting action of the continuous catgut suture line, we 
feel that this IS tcmporar>* ftnd that the final stoma will be as large as 
the normal bmvcl caliber Tlic anterior rovv of catgut is pul in after the 
method of Connell aa dose to tho cut edge of the bowel as is feasible 
to insure inversion of the musoca into the lumen 
The anterior row of interrupted No. 30 cotton sutures is then made. 
Tlieso may be tied aa they are inserted but usually arc best tied after 
all are in place ITic posterior row of cotton sutures is placed transversely 
m a maftrci^s pattern because one cannot be sure of the location of liny 
blood vessels that should be included in such a suture The antenor 
row is usually a vertical mat tress pattern except at tho white lines where 
it must be transverse. Too htUe stress has been placed on the lack of 
trausverec fibers in these longitudinal white lines. Sutures placed in 
the direction of the lines are very apt to cut through It is for this 
reason that incision into the bowel for the removal of a polyp is best 
accomplished through the bowel ivall between tho white lines. 

At this stage of tho operation, the drapes about the suture lino and 
all inatTumcnls and gloves used m die anastomosis are dis&xrtled. IVith 
fresh equipment, the mesenteric trap is closed ivith a fine catgut suture. 
This 13 particularly important on tlie surface exposed to the small 
intestine. There have been instances of such wide resection of bowd 
and mesentery that this detail had to be omitted. It is far better to 
leave a huge defect in tho mesentery Uian a small one. It is a good 
general principle to remember that the small intestine has a ^at 
affinity for any raw or traumatized surface, particularly the fatty edges 
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are unpentoneaUzod areas in tho piUccs or tJie pelvis or i{ there has 
been any known contamination during the operation, 1 gm of strepto- 
mycin 13 introduced into tiie peritoneal cavity. One sfjould view the 
use of antibiotics as an additional safeguard and not in any sense as a 
substitute for the most meticulous technic within the range of one’s 
ability. 


WOtTND CLOSmiE 

The closure of abdominal abounds is too often carefessiy done If the 
incision has been properly made and if the wound is adequately sutured, 
dehisconco should never occur La3'er closure is certainly superior to 
mass closure One must take into consideration the amount and tj'pe 
of foreign material used, and dead spaces must be elimmated The most 
annoying dead space is m the auticutaneous fat Fatty tissue tolerates 
infection loss uell and heals with greater reluctance than any other 
structure. 

It IS now generally conceded that catgut causes greater reaction in 
the tissues and thereby creates the greatest hazard to healing of any of 
the suture materials Fine wire of stainless slecl, cotton and silk appears 
to cause the least tissue reaction m the order named Wire m the fascia 
introduced in the far and near pulley-stuch manner as advocated fay 
Jones* has been widely adopted. Certainly this method of closure is 
excellent and probably the best yet devised m the wound closure about 
a colostomy. CoUer* uses, la addition, three longitudinal subcutaneous 
wire sutures to close the fat and skin with excellent results 

We have found that a contiooua zero chromic catgut suture closes 
' he peritoneum adequately. The fascia is approximated vviUi closely 
spaced (4 mm ) interrupted No 30 cotton Through the skm, fat, and 
anterior fascia, sutures of heavy' cotton are placed 1 5 cm apart Ibese 
are usually tied forty -eight hours Later, after a modification of a delaj'ed 
closure technic revised by CoHcr and Valk* Stay sutures for primary 
closure are best of medium-sized stainless steel wire. For delayed closure, 
the Wire docs not lend itself to manipulatioa quite so well as does heaxy 
cotton or silk. The invariabte mild infection about these stay sutures, 
if loft a long time, has not proved hazardous as far as the character of 
thawoittid IS concerned Tlicrc has been no instance of wound dehiscence 
and there have resulted only one case of major and two of minor wound 
infections in the six j’ear period covered in this report 

AFTER.CAKE 

We routinely use a combination of penieiUin and streptomycin intra- 
muscularlj’ for a few days after th^ operations. 100,000 units of poai- 
ciilin mixed with 0.25 gm. streptomycin can be conveniently given in 
the same ayringo every three hours. Although infection of the wound 
or the peritoneal cavity is now rare, we arc justified in using these 
antibiotics to reduce the incidence of cystitis and pneumonitis It w 
important to omit antibiotics for several days before the patient is 
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discharged, thus avoiding burious delayed infection that may be masked 
by these drugs. Small doses of pantopon or morphine are given often, 
not only for the patient's comfort but to prevent distention of the small 
intestine until normal tone has been regained. Wo have not found that 
demerol or methadon is quite as effective as the older drugs, particularly’ 


TABLE 2 

Carcinoma op the Colon 


Years 

No. of Cases 

Reacctability, 

percent 

Resection Mortal- 
ity, per cent 

192S-1942 

143 

91 1 

17.5 

1943-1948 

157 

9G 

2.7 


TABLE 3 

Carcinoma op the Colon 
1W3-1WS 


Resections 




For cure 

1 131 

1 

^ 0.70 

Palliative 

1 

3 

15.8 

Nonrceectable 

1 ^ 

“ 1 

2S.6 


TABLE 4 

Ateraoe Hospitalization Ubsection op Colon 1943-1048 



Preop. 

Days 

Postop 

Days 

Total 

Days 

One-stage operation 

5.7 

IS 0 

23 7 

Multiple-stage operation; 

Preliminary cecostomy 

3.0 

29 0 

1 32 0 

Preliminary ileotransverse colostomy 

4.8 

32.6 

37.4 

Preliminary transverse colostomy. 

6.3 

47.4 

1 53.7 


in the immediate forty-eight hour postoperative period. Blood lost at 
operation is replaced during the procedure or immediately thereafter. 
Gastric suction is maintained routinely for forty-eight hours. If a long 
tube has been previously introduced, this is kept on low pressure suction. 
The patient is allowed small amounts of water by mouth; although 
this is recovered through the suction tube, it has a good effect on morale 
and decreases the tube irritation in the phaiynx and esophagus. In- 
travenous fluids are given in amounts needed to hydrate the patient. 
The average individual will receive about 500 cc. of physiologic saline 
and 2000 cc. of 5 per cent glucose and water in each twenty-four hour 
period until adequate mouth intake is feasible. This varies according 
to the patient and extent of the operation from two to five days. 
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and in the number of platelets; this mcrcase in the cellular components 
of the blood lasts only a abort time, usually a few weeks 
The spleen exerts n definite role in the fragility of the erythrocytes, 
although the mechanism of this function is not understood. Erythrocytes 
and iron may be stored in the spleen. 

Abnormal Functions. — ^The abnormal functions of the spleen are 
actually more important to the surgeon than the normal, as is shown 
by the fact that a person can do withemt hia spleen, but if abnormal 
functions develop, he may acquire very serious symptoms threatening 
life. Most of these abnormal functions are related to the increase of 
some normal function. The decrease m lilood platelets, encountered as 
one of the most important manifestations of thrombocj'topemc purpura, 
IS due to a hypersplcnism inhibiting formation of platelets from mega- 
kar3'oc3'tcs and/or their releo'^e into the blorxi stream. In hemolytic 
anemia the li3*persplcniam nffccta only the function producing an in- 
creased destruction of erj’throcytos, part of which la related to increase 
in fragility If the hj’persplcnism affecta only the function of the bone 
manow giving nso to formation of leukocytes, vie fiave a condition 
known as splenic neutropenia If all three functions arc involved, so 
that the patient has a low leukocyte count, a low crj'throcyte count 
and a decrease in the number of platelets, we have a condition known 
as panhemalocytopcnia * 

INDICATIONS AND RESUtTS OF SPLENECTOMY 

Thrombocytopenic Purpura. — The chassical manifestations of this 
'rliseaso arc prolongation of the bleeding time, normal coagulation of 
. Wood, absence of clot retraction, low platelet count, anemia, ccchymosi?, 
pctcchiae and bleeding from body orifices or mucous membranes. How* 
over, It is essential to dtstmguisli between primary’ CU’erlhoEs) and 
secondary' or symptomatic purpura, the fatter of whicli may be caused 
by drugs, aiiorgy, leukemia, infections, aplastic anemia, x-ray radiation 
and other factors. 

Tiie bone marrow examination is diagnostic insofar as a marked 
increase in the number of immature mcgakarj'ocytes is present, although 
the number of platelets m the blood stream is markedly reduced The 
number of megakaryocytes m the bone marrow is an accurate indication 
of the presence of a true thrombocytopenic purpura and is likewise a 
fairly good index of the prognosis following splenectomy for purpura 
In secondary purpura the number of megakaryocytes is less likely to 
be increased in the bone marrow If eosinophils arc found in great num- 
ber, an allergic type of thrombocytopenia may be suspected. 

The response to splenectomy is usually immediate and in almost all 
instances remarkably effective. However, on some occasions the bene- 
fjcLal effects are small or ineffective In our series of splenectomies we 
had twenty-six patients with thrombocytopenic purpura for which 
the operation «rs perfonne<f; there wore no operative deaths m this 
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group. I'he results were classified as good to excellent in twenty-three 
of the twenty-six cases. One other patient had relief from purpura but 
died two years later from puhnonai^' tuberculosis. Two of the three 
patients not listed as having good results had good sjTnptomatic results 
but poor hematologic results. 

At operation the surgeon should always search the hilus and adjacent 
tissue for accessory* spleens since recurrence or actual persistence of 
sjTnptoms may be produced by an accessory spleen. 

Acute Hemolytic Anemia. — Although this disease is congenital or 
familial in origin, sjTnptoms arc frequently not noted until adult life. 
There are usually several members of the family afflicted with the disease 
although in some cases the SiTuptoms are c-Xtremely mild, perhaps 
revealing nothing subjectively or objectively except slight jaundice 
and enlargement of the spleen. Tlie classical manifestations of spleno- 
megaly are jaundice, anemia, microspherocytosis and increased fragility 
of the red blood cells when placed in hj'potonic salt solution. Rcticulo- 
cytosis and urobilinuria are usually present. The splenomegaly is fre- 
quently very marked, the bone marrow reveals hj^perplasia of the 
myeloid, crj'throid and mcgakaryocytic elements, although these 
findings are by no means diagnostic. 

It is essential to separate congenital hemolytic anemia from acquired 
hemolytic anemia in which the etiology may be unknown. Important 
causes of acquired hemolytic anemia are certain chemicals such as 
benzol, infections, and parasites; malignant diseases such as leukemia 
or other conditions in which abnormal hemolysins and agglutinins arc 
found may also give rise to acquired hemolytic anemia. Other factors 
occasionally giving rise to hemolytic anemias of the acquired type are 
Hodgkin's disease, agnogenic myeloid metaplasia of the spleen, lympho- 
sarcoma, carcinomatosis, severe liver damage and dermoid cyst of the 
ovary. In some patients with acquired hemolytic anemia, spherocytic 
erythrocytes may be found, although their absence is frequently an 
indication of the presence of acquired hemolytic anemia rather than 
the congenital type in which spherocytosis is practically universal. On 
some occasions splenectomy will relieve the manifestations of acquired 
hemolytic anemia, but obviously will not affect the underlying primary 
condition, such as leukemia or Hodgkin’s disease. 

In hemolytic anemia, transfusions commonly give rise to serious 
reactions. Of recent years there has developed an agreement that such 
patients should not have transfusion before operation lest the patient 
develop an acute hemolytic reaction which might be fatal. Accordingly, 
numerous donors are made available but no blood is given until the 
splenic artery is tied at the operation. 

In our series we performed splenectomy on tu’enty-eight patients 
with hemolytic anemia. In this group twenty-three were classified as 
congenital or familial, and the results of operation w6re very good. 
However, in five patients which Tve classified as having acquired hemolv- 
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tic ftnemsa, the results «ere poor. One patient died a few days after 
operation. 

Banti's Disease.~\Ve have learned only recently that splenectomy 
for Banti's disease should be perfonned only in early cases and not m 
late cases. The mortality rate is bo bigli in the latter group as to be 
prohibiti^T The cardinal manifestations of so-called Banti’s disease 
arc splenomegaly, anemia and leukopenia Jaundice and ascites develop 
relatively laic. Adhe.'sions develop relatively early botu-een the spleen 
and adjacent tishues, including the abdominal wnlL If portal hyper- 
tension IS significant these ndhe.sion.s become verj' vascular, olTering 
an outlet for the portal blood winch is blocked by obstruction in the 
portal and splenic vein or by cirrhotic changes m the Hver. 

Bone marrow findings will X'ary dcpemlmg to a great extent upon the 
stage of the thscase Early in the disea'ie there is n myeloid hyperplasia 
(maturation arrest) as well ns a moderate anemia and leukopenia in 
the peripheral blood * 

In our scries of thirteen pjiticnts classified as Banti’s disease wc had 
five postoperatii.-c deaths It »3 the experience of almost all sujgcons 
that most of the operative fatalities following splenectomy ocair in 
Banti's disease Part of the explanation hex m the fact that m this 
syndrome portal hypertension is present ond the d.angcr of postoperative 
homorrhngo is increased tremendously. In confirmation of this point 
four of our five patients died from hcmorrfingej at least hcmorrhngc 
was a factor in the patient’s ilemtsc. One patient diet two j’cars after 
splenectomy and the other eighteen months after splcnoctony' We were 
unable to follow two others In only two of the eleven patients follow tsl 
can we say that tho results were good This indicates very clearly that 
splenectomy for Bnnti’s disease is a poor procedure, although it is 
agreed that in early Banti’s disea*^ splenectomy may exert a very 
beneficial role 

It should be cmpliasizcd that splenectomy alone for porlnl hyper- 
tension of the Banti's type cannot bo considered a very logical operation 
unless hyporsplemsm is present to a significant degree. Even if hyper- 
spicnism is present, there is a strong possibility that splenectomy will 
not relieve heraorthage from i^phagcai vances when present For 
example, m a senes of twelve patients with hemorrhage due to portal 
hypertension, Jjihcy and N'orcross* reported a recurrence of bleeding 
inthreepatients. 

The question of postoperative hemorrhage in portal hy’pertension 
obviously brings up the question of Uic advisability of portacaval or 
splenorenal shunt. At the tunc of oporalioa it is usually possible to 
determine with ft fair degree of accuracj' whether or not portacaval or 
splenorenal shunt is indicated If the pressure m the coronary vein is 
clcvat^ (ft.x determined by manometer readings), mdjcatmg that the 
vein empties into the portal system distal to the {mint of obstruction, 
splenectomy ia not apt to relieve the hemorrhage as a permanent meas- 
nre. Tlie question as to the type of shunt to be performed is ciitirciy 
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a matter of controversy. Linton and associates* favor splenorenal shunt. 
However, Blakemore* and others favor tlie portacaval sluint on the 
basis that a larger shunt can he obtained. The author is inclined to 
agree with Blakemore that the portacaval shunt is preferable, but is 
now convinced that it cannot be done in a poor risk patient and must 
be accomplished without obstructing the blood flow in the portal vein 
or vena cava. It is now possible to make sucli an anastomosis with 
maintenance of blood flow by the use of the Smith-Freeman clamp or 
a modification of it.® 

Thrombosis or Anomalous Obstruction of the Splenic Vein. — Most 
authorities group these patients together with the patients in the Banti’s 
syndrome group. Protal hypertension is a prominent feature in both 
lesions. I have chosen to separate the group as indicated because in 
my opinion the prognosis in this latter group is especially good following 
splenectomy. Not only docs splenectomy relieve the' hemorrhage from 
the esophageal varices but it obliterates any progressive damage in 
the liver. In our series we have five patients uhom we designated as 
having splenic vein obstruction. In our opinion the obstruction was 
probably produced by a thrombosis but congcniUl anomalies could not 
be ruled out. All five of our patients in this group had hemorrhage 
before operation. Four of the five patients have had an excellent result 
with no postoperative hemorrhage. One patient listed as fair to good 
result had two attacks of hemorrhage, shortly after the operation, but 
has not had any attacks for the past two to three years. In spite of the 
fact that the hemorrhage failed to recur, the varices are still visible by 
roentgenologic examination uith barium in all cases. 

Felty’s Disease. — There is considerable controversy as to whether 
this disease should be identified as a separate entity. The cardinal 
manifestations arc chronic deforming arthritis, painful joints, anemia, 
splenomegaly, leukopenia, occasionally low platelet count and cutaneous 
pigmentation with lymphadenopathy. In reality the disease is a sec- 
ondary splenic panhematocytopenia. We had five patients classified 
in this group. None of them died in the hospital following operation, 
although one died two years after splenectomy with a malignant tumor 
of the thymus. Although postoperative results are fairly good from the 
standpoint of most manifestations, there is very little improvement in 
the arthritis in our patients. 

Splenic Neutropenia. — This is a relatively new condition described 
recently by Wiseman and Doan.’ Cardinal manifestations are spleno- 
megaly and peripheral neutropenia. Presumably the disease represents 
a selective form, of hypersplcnism in -which the splenic hormones exert 
an inhibiting effect on the maturation and delivery of granulocytes 
from the bone marrow to the blood as neutrophils. The bone marro-sv’ 
usually reveals a myeloid hyperplasia which should be present before 
splenectomy is justified. The author has had no experience with this 
disease, but reports indicate that splenectomy is very effective. 

Splenic Panhematocytopenia. — ^Although panhematocytopenia is very 
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cumjiiuii u» a iAxundury inani/estaijon, the pnma;y type is quite un- 
common. The secondary type la seen in numerous conditions, including 
Fclty’s disease, Hodgkin's disease. Gaucher’s disease and drug sensitiza- 
tion. As indicated previously, the disease represents a type of hyper- 
splcni&m in uliieli the splenic hormonal function is increased, thus re- 
sulting in an inhibition of bone marrow function. The most common 
manifestations are neutropenia, aoemw, and decrease in the platelet 
count. Anemia may be due to delay in formation of erythrocytes or to 
the hcmorriiagic process. Accordingly the disease represents a combina- 
tion of fiemoiytic anemia, purpura and neutropenia Bone marrow smears 
reveal hyperplasia of all marrow elements, with a predominance of 
normoblasts Without these findings splenectomy is rarely advisable. 

Wc have had no patients diagnosed as primarj' splenic hemato- 
cytopenm but have had secondarj' cases similar to those described 
under Felty 's disease. 

Miscellaneous Diseases for whidi Splenectomy May Be Indicated.— 
Cysts and prttnary tumors may be a justifiable indication for splenectomy. 
Abscess may likewise bo an indication but is quite rare and difficult to 
diagnose. Splenectomy m.ay be indicated m Gauckcr's disease but usually 
only when some typo of panliematocytopcnia is present. Cardinal 
symptoms of this disease are splenomegaly, anemia and pigmentation 
of the skin Occasionally there is indication for removal of a spleen 
enlarged because of chrome malana, particularly if one or more types 
of panhematocytopcfua are present 

We have performed splenectomy m ten patients with miscellaneous 
diseases, some of which ha<I doubtful Indications. Splenectomy was 
performed in one patient with cyst of the spleen and la one with an 
aneurysm of the splenic artery, each had an excellent result We also 
performed splenectomy on one patient with Gaucher’s disease and one 
with Hodgkin’s disease with improvement m simptoms (e.g, anemia) 
but tile ultimate result will of -courac not be influenced by the operation. 
One patient with sickle cell anemia, another wilii atypical hemolytic 
anemia iverc not improved after splenectomy One patient with atypical 
aplastic anemia died on the eleventh postoperative day of cerebral 
hemorrhage 


CONTRAIKDICATlOffS TO SPLENECTOMY 
Largely through trial and error splenectomy has been performed 
during many years past for numerous diseases which rcvcivled spleno- 
megaly or produced other symptoms related to splenic influence It JS 
now clearly sbonm that splenectomy is contraindicated m pcrninorw 
cncmxa, fcuf.cffiia, poiyciflhemia, ngnoif^ic myeloid metaplasia, acute 
splenic tumor and most types of ?»ora«ltc disease. Occasionally splenec- 
tomy may be indicated in Hodgkin’s disease and malaria when hyper- 
splenism is present. 
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IMPORTANT POINTS IN THE TECHNIC OF SPLENECTOMY 

/Vlthough a detailed discussion of operative technic is not indicated 
in this presentation, certain points will be discussed. Details of splenec- 
tomy have been presented elsewhere by the author in this journal.* 
The tj^pe of incision is fairlj’ important since good e.vposure is nocessarj’ 
to eliminate operative complications in a certain group of patients 
where the procedure is difficult. I have long since given up the para- 
median incision since it does not allow good e.Kposure. The Singleton* 
incision, which is an oblique transverse incision starting in the midpei- 
gastric line half-way between the ensiform and umbilicus, does not 
allow exposure high up under the diaphragm where gastrosplenic vessels 
are sometimes numerous and large. We have found that on incision 
starting as a left paramedian at the ensiform going downward for about 
2 inches and curving to the right, cutting all muscles for a distance of 
about 2| inches from the lateral edge of the rectus offers very good 
exposure under the diaphragm and in the lateral splenic gutter. Most 
of the transverse incisions for splenectomy arc opt to sacrifice the 
eleventh spinal nen’c. The twelfth will be seen at the end of the incision 
and must bo spared and retracted. 

We have found it vcq’ helpful to ligate the splenic artery before 
any attempt is made to mobilize the spleen, particularly when the 
spleen is considerably enlarged. The larger the spleen tlie larger will 
bo the artery, and in fact the more tortuous and accessible it will be. 
The artery is readily found by making a small incision in the posterior 
peritoneum at the superior border of the pancreas about 2 inches from 
the hilus of the spleen. Primary ligation of this artery allows blood to 
flow out gradually from the spleen, thus resulting in an autogenous 
transfusion. Moreover, it relieves the vascular tension in the spleen so 
that adhesions are less vascular and any tears produced in the spleen 
are less apt to bleed profusely. 

MORTALITY RATE 

Although w'e had seven postoperative deaths in our series of eighty- 
seven patients for w’hich splenectomy was performed in a twelve year 
period, this figure cannot be used as an index of e.xpected mortality 
rate in all diseases for which splenectomy is performed or indicated. 
For example, in twenty-six patients with thrombocytopenic purpura 
we had no postoperative deaths and in twenty-eight patients with 
hemolytic anemia only one death (sec Table 1). On the contrary, we 
had five postoperative deaths in eleven patients with Banti’s disease 
(exclusive of patients with obstruction of the splenic vein). With the 
aid of present knowledge, we can now say that in diseases such as 
thrombocytopenic purpura and hemolytic anemia splenectomy can be 
perfonned with a postoperative mortality rate of less than 2 per cent. 
In Banti’s disease, the rate will be much higher; the actual rate will 
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<lcpciid upon how often .splenectomy h performed for the advaneecl 
cases The author strongly advises that splenectomy not f>c performed 


TADI.E \ 

ItRSL'l,T3 rOU-OWI\0 SpLFABCTOMT 
IteeeaKh Ilospitn} iOSO-JOIS) 


Disease 



Remarks 


Thrombocytopenic purpura ' 26 j fl 


Umoljtic anemia 


Usnti's (iifcaac 

Obatruetiun splenic vein | 5 ! 0 | 

r^ky’e disease (secondary i j j 
panhcmstocytopcnm) 5 j 0 j 


j 13 ' 5 


Miscellaneou's diseases {cystic 
Gaucher’s disease, atypical 
aplastic anemia, etc ) 


I I 


J f 

1 ( 


Total. I I ’ 

Operative mortality rate •» j ) 

8.0 per cent j J 


02 Tuo had good symptomatic 
hut poor liematoloj^ic re- 
sults, one had good results 
but died 2 years later of 
tuberculosis 

S2 <>no postoperative death 
Four bad poor results, 
all of vrhom probably had 
ncouircdhemob ticanemia 

10 One <lte<l S years postopera- 
tivcly, one died 18 months 
postupcratiicly, one still 
bleeding, one has symp- 
toms of cirrhosis, tnro lost 
to follow-up, 

I Uno has had t«o or three 
j hemorrhages after opera* 

! tion but none past 8 years 

®0 ; One died of sarcoina of thy- 
) mus 2 years postopera- 

j lively, but relieved of hy- 

< porsplenism Arthritis not 

I unproved m any 


50 j Five had good results but 
1 three (with Gauchcr’a dis* 

j' ease, ffodgkinV dssesse 

j and atypical leukemia) suH 

j no doubt dio later 


in patients wilJi an advanced stage of Uie disease. Moreover, in Banti 
disease some tyTC of siiunb opemtion (eg., portacaval) wiK usually be 
mdieatcd instead of splenectomy if there has been any bleetbng from 
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esophageal varices. As previously stated, readings on venous pressure 
should be taken rvith a manometer in the coronaiy vein and tlie portal 
vein or a major tributaiy* of the superior mesenteric, in order to deter- 
mine the site of obstruct ion. 

The mortality rate will obviously be less following splenectomy for 
portal hj-pertension than after a shunt operation, but it should be re- 
membered that unless the coronary vein empties into the portal, distal 
to the point of obstruction, hemorrhage from esophageal varices will 
probably not be relieved by splenectomy; moreover, recurrence of these 
hemorrhages will usually result in death. 
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tutioii \nth subsidence of the procc^ and heating, or progression of the 
disease with massive gangrene and its compHcationg. 


CLINICAL OBSERVATIONS 

Since ciinicahy it la in the cases with the development of massive 
gangrene that the greatest moAidity and mortality ensues, etcision 
of the diseased gallbladder or refief of obstruction prior to the develop- 
ment of such an event would logically appear to be the treatment of 
choice, once this process was initiated From clinical observations 
gangrene is stated to develop in from 10 to 20 per cent or higher in 
cases of acute cholecystitis (see Table 1). Although many obsen’ers 


TABLE 1 

IvClPENCE OP AfxSSjVE GasoREXE OP CALLBUORCn l.N ACOTB CnOLECTSHTlS 


Aulhorfs) 

Year 

! 

1 Cases 

Incidence 

of 

Gangrene, 

percent 

Berk . 

ibio j 

) 

MOO 

24 6 

F&llifi and McClvirv* i 

lato i 

3^0 

90 

Wallace aod Allen” 

toil 

415 

294 

Glenn and Moore” ! 

} 

350 

24 0 

EliasoR and Stevens” | 

19« 1 

135 1 

34.0 

Lester” j 

1917 j 

109 j 

20.0 

TMtl j 


4S35 


Average j 

1 


24 0 


have fiuestioned the accuracy of such figures, pointing out that the gros'=! 
diagnosis h)’ the surgeon usually gives a higher frequency of gangrene 
than those observations of the pathologist, usually the suigcon in 
the most favorable position to note a condition such as focal gangrene 
which could readily be overlooked by a pathologist receiving a formahn 
fixed specimen. From our experimental observations It is probable that 
these figures are too low, for it is now apparent that focal gangrene is 
common hut is easily overlooked except to early phases of the disease, 
owing to the healing process and progression towards restitution. Thfse 
small focal areas may be recognized onJj* microscopically and 
cidencc reported m Table I la that of massive gangrene of the gaUbkdder. 

An analysis of cases with rog>cct to the incidence of gangrene at 
various time intervals from onset of cUnica! symptoms will correlate 
experimental and clinicai observations as pertaining to the development 
of gangrene. Unfortunately Uie recorded data on this point is not as 
great as would be liked. There are, however, a significant number ot 
observations so that some conclu^a may be educed (see 

From these clinical observations it is evident that gangrene beiore 
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the first forty-eight hours is less frequent than during the ensuing days. 
In addition, even with gangrene, perforation prior to the fourth day is 
of unusual occurrence. 

As a corollary of these obser\'ations, on theoretical grounds, with 
the presence of devitalized tissue and increasing time intervals the 
incidence of infection should increase. This has been nicely substantiatctl 
by Goldman and his co-workers,* in studies of the bacteriology of acute 


TABLE 2 

Incidence op Gangrene i.n Acute Ciiolectstitis at Intervals from Onset 
OF Stmptoms 




Incidence, per cent 

Author (s) 

Cases 

48 4S-72 72-96 4-7 8-10 710 
hrs hrs. hrs. days days dav.s 

Yetter, W L.« 

Blumberg and Zisacrman” . 
McGuigan, W J.” 

121 

S2 

123 

5.0 13.0 10 — — - 

5.0 10.0 G 13 15 27 

13.6 29.4 5 — — _ . 

Wallace and Allen” 

Graham, II. F.” 

415 

1 

i 

19S 

1 

In 123 cases of gangrenous cholecys- 
titis, gangrene occurred prior to 
4th day in only 10 instances. Xo 

1 perforation noted prior to 4th day, 
and in only 3 instances did it occur 
between 4th and 6th day. (61 perfo- 
rations observed) 

In the 20 cases with operation before 
48 hours, 2 gangrenous gallblad- 
ders observed. Ten instances of 
gangrene were noted in remainder 
of cases 

Eliason and Stevens” 

135 

i 

Average time for perforation of the 
gallbladder was 6 to 7 days. 

Cowley and Harkins* 

1 

Twenty-five cases of perforation of 
gallbladder studied; in 36 per cent 
perforation occurred between 1 
and 3 daj’s 

cholecystitis Sterile cultuies Mere obtained in 43 per cent of 160 cases. 
The lowest incidence of positive cultures (35 per cent) tvas during the 
first twenty-four hours. The incidence then rose so that, after the third 
day, the percentage of positive cultuixs varied from 65 to 80 per cent. 
After the eleventh day M'ith restitution toward normal, and until the 
thirtj’-fifth day, the incidence M'as only 46 per cent. 

From the evidence presented it is apparent both clinically and experi- 
mentally that small focal areas of gangrene of the gallbladder in acute 
calculous cholecystitis are of common occurrence, M’ith their incidence 
being greatest forty-eight hours after the onset of symptoms. 
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A JtATIONAl APPROACH TO TREATMENT 

Immediate Surgery in Early Cases.— Wttli tliese considerations in 
inmd, a mtionai approach to the treatment of acute cholecystitis can 
t)e matlc. Ideall)’, removal of tlie involved tissues should be performed 
as soon as possible after initinlmn of the obstruction. This can be done 
only if recognition us made biliaiy cohe as tlic first manifestation of 
acute cholecystic obstruction, mther than the passage of a stone with the 
patient treated thereafter on «n emergent basis At tins time the condi- 
tions present, i e , chemically inj»irc<l or necrotic tissue, arc analogous 
to a contammutcil rather tlian an infected wound. The pnuciplcs of 
gcaeml surgery' permit the excision of sucli n wound within twenty-four 

hours of its meurmnee and ensuing hcahng by primaiy intention. With 
tho employment of the appropnate chemotherapeutic agents this 
period may be oltcn extended an additional tirenty-four hours or more. 
The organisms encountered arc those indigenous to the gastrointestinal 
tract, viz , uonhemoh'tic .sircptoeoceus. Bacterium cob and Clostridium 
w elchii,*’ for which pcnicilhn ami streptomycin arc of greatest value 

Operation under these circumstances presupposes the previous 
preparation of the patient for surgery, vix , correction of water, electro- 
lyte and blooti imbaJanee ax well as parentenil administration o/ g/ncose 
ami ammo acids to niimmizc hs'cr damage As demonstrated evpew- 
montally and clinirally, g.angrcne of the gallbladder is rarely present 
prior to forty-eight hours after on^et of sjTnptoms and the develop- 
ments pnur to that time arc palhologicafJy thoeo of acute cholecystitis. 
With this condition xiibscrosal cilcma h the most conspicuous feature 
and cholecystectomy may l»o actually fncjlitated by these changes. 
Excision of the gullbJnddcr is therefore the treatment of choice anti 
should be performed under these circumstancc.s with little hazard to 
the patient nccause of the nature of the dircasc process there should be 
little hesitancy w aspirating the contents of the gallbladder or incising 
the wall for identification of structures, if such xvill facilitate removal of 
the viscus m an otlicnvisc tcchnicoHy diflicuU ease. In some situations, 
e.g., the general condition of tho patient being precarious, cholccystos- 
tomy is to be preferred to cholocj’atectomy Such a procedure will pro- 
vide decompression of the obsstruclwl fraUbladder and, depending upon 
the seventy of injury already incurred, favor early subsitlencc of in- 
flammation and iicalmg 

Deferment of Operation in Cases Seen Late. — After thetlevelopmcnt 
of large areas of gangrene with or without perforation and superimposed 
infection, tho risk of an operatn'c procedure wtJI outucigh that of con- 
scrx'ativc treatment As noterl cariicr there is a relatively higli incidence 
of gangrene m acute eliolecystitis and focal gangrene is probably even 
more common th.TH i.x generally rcahaed since m.^ny gallbladders that 
are removed during a quiescent period show, on careful study, areas o 
the wall including musculans that have been replaced compieteiy oy 
cicatrix (Figs. 533 and 534). This can be explained only on the basis ot 
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tissue necrosis, with subsequent healing b5' replacement. In spite of this 
high incidence of gangrene, there is a relatively low incidence of free 
perforation into tlic peritoneal cavity, owing to adliercnce of neighboring 
viscera and omentum and immediate walling off of any potential per- 
foration. Attempts to resolve the problem of the advisability of opera- 
tion under these circumstances on the basis of clinical studies arc not 
entirely successful due to the paucity of reports. The reported operative 



Fig. 533. — Gallbladder of a dog two weeks after the production of acute chole- 
ej’stitis. The muscular la 3 -cr ends abruptly and has been replaced by cicatrix. 

mortality in the presence of gangrene and perforation varies consider- 
ably. Eliason and McLaughlin** collected 348 cases of perforation ^^^th 
an average mortality of 42 per cent; Heuer” in reviewing 502 eases noted 
a mortality of 46 per cent ; Cowley and Harkins® in observing 433 cases 
of perforation reported a 20 per cent mortality. 

There are an insufficient number of reports to bo able to educe or 
predict accurately the results of conservative treatment in acute chole- 
cystitis. Bachhuber” followed 895 nonoperativo patients admitted with a 
diagnosis of acute cholecystitis of which fifty-two died, a mortality of 
5.8 per cent. Of these deaths only twenty-two were due to gangrene and 
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IJcrfomtion bringing the moftality from tins complication to 2.45 per 
rent. It is also his contention that when the oveiwhelining majority of 
patients have had one or more previous attacks with spontaneous re- 
coixry, the danger of d<»th due to gangrene or perforation in non- 
surgically treated patients is far leas than I per cent. Pennoyer” be- 
lieves the dangers of surgeiy jn the acute stage are greater in his evpen- 
ence than the natural course of the disease, stating that in almost 00 
per cent of cases of acute cholecystitis the manifestations will subside 
Thus tn ohscn'iug 2-li oases acute chehxs'stitss in ivhieh subsidence 
without operation was encouraged, 87 percent entirely subsided orgreatly 
improved, and 13 per cent did not subside or were getting worse and 



F«g S3i —Ifuman of m«‘'oufar layer and rppfaeein^nl 

by cicatrix 

operation was earned out m the presence of acute s^Tiiptoms. Seven 
deaths resulted in thirty-three patients so treated; the twelve deaths 
occurred in the entire group treated conservatively. Rupture of the 
gallbladder with generalized pentomlis was stated to be a rare eomplica- 
tion of disease of this vi«cus Lovc^* agrees that most cases treated 
expectantly will subside and in a seriw of 7C0 cases of acute cholecysb- 
tis so treated, m only nine Wfl5 intervention necessaiy. Berk* collcttea 
901 cases of acute cholecystitis (patients observed eighteen hours or less 
- - , . ,■>*»>> s r.f these 

'inien. 

obtain 

factual Wormation regarding noni^ratmi raorfaiity of 

grcROUs cholecystitis complicated by perforation. By inference, nouev , 
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from the statistics of Table I and the incidence of perforation in acvitt* 
cholecystitis® with its associated high mortality, if such figures arc of 
prognostic value one would not anticipate conscn'ativc treatment to he 
assoebted uith the low mortality and morbidity observed by Bach- 
huber, Pennoyer, Love and Berk. 

As medicine is practiced now, few cases are seen by the surgeon witliin 
the first few days after onset of attack- The problem thereafter is more 
difficult since clinically it is impossible to predict accurateh' the condi- 
tions present. If such could be ascertained there would be many cases 
after the first few days in which only the findings of acute cholecystitis 
would be present. Surgeij’ in these instances would be just as applicable 
as that during the initial period previously discussctl. However, this 
difTerentiation cannot readily be made and it is highly probable that, 
if the condition lias existed that long, there will be little more progres- 
sion, and restitution is more likclj* to occur without complication. 
Therefore, on the basis of the above reasoning, deferment of operation 
with careful obsen’ation of the patient is advisable after the initial few 
days following onset of s3'mptoms. These obser\'ations will include 
temperature, pulse, abdominal tenderness and rigidity, pain, vomiting 
and the degree of leukocytosis as well as a general evaluation of the 
patient’s condition. Particular significance should be paid to appear- 
ance of a mass which indicates e.\tonsion of disease." Since numerous 
obser\’ers have commented upon their inability to predict tho state of 
the lesion and course of disease**- *• **• •* when one or more of these 

guides indicates progression of the disease with spreading of the process, 
surgery* is indicated In many instances under these circumstances, 
drainage of an abscess or cholccystostomy will be all tlmt is warrantwl. 
Jaundice may be present and in general the indications for exploration 
of the common duct arc rare at this time. If free bile is obtained at 
cholccystostomy, the bile passages arc decompressed making it safer 
to remove the stone at a later date. Indeed, the edema about the common 
duct region is often adequate reason for deferring surgeiy in raanj* in- 
stances. It also must be remembered that it may often take this edema 
many weeks to subside and, therefore, it is usually technically* easier 
to perform the cholecystectomy at the beginning of the colic or weeks 
later. 

Once a policy of deferment has been carried out, with resultant sj’mp- 
tomatic improvement in the patient, there is a distinct tendency to- 
ward early interv’ention. Three to four weeks is probably* the minimal 
length of time for repair and restitution to occur and even at that time 
in many* instances the condition will still be one of "subacute” cholecy's- 
titis. Against this postponement of suigery must be weighed tlie chances 
of development of an exacerbation of the disease. It may well be that 
the conditions found at such prolonged intervals after the subsidence of 
the acute symptoms represent such an asymptomatic exacerbation 
rather than the slow subsidence of tho process. In general, however 
deferment of operation for five to she weeks after the subsidence of 
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cvn^ijtoms >viJl be rewarded by ft technicallj' easier operation witU a 
fnr fhe patient. One at the reasons for 
'snoor 
DOUt 

the pjiilbliulitcr, cy.Htn, . ^ures 

ttn<l an amirate anatomioal dissection is very titfiicon,. i cir- 

cumstances, it IS not nnhkel3' that the operation «-id be inadorjuate or 
tliiit, in an nllompi t<» excise all di»ca.’-<H{ tissue.s, there wdl be risultant 
injiirj’ to contiguous structures and ensuing compjjcations. 

SUMMARY 

Based on experimental as well as cbnical obscrx’ations, immediate 
f -.rorx' is advocated m eases of acute calculous cliolccystitis ahen the 
* nfier onset of symptoms. Thereafter, 
. • I — tnntloncy 

n of the 


toms or on an I 

e.vtcssion of the disease. 
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THE REPAIR OF GROIN HERNIAS: PROGRESS 
IN THE PAST DECADE 


Henhy N. Harkins, M.D., Pii.D., F.A.C.S.* 

No dtsea$c of Ike human body helonying to the province of the surgeon requires 
in its treatment a greater combination of accurate anatomical knotcledge vtth sur- 
gical sfctlJ (fiaa Hernia ih all iU innetws 

— Sir Astlcy Cooper, 1827 

TJie repair of groin hernias represents a practical subject n’liich is 
essentially surgical in nature, involving many patients. During the past 
decade, a period beginning with the onset of the war, many advances 
have been made in the treatment of groin hernias. Unlike developments 
in certain fields of traumatic suigerj% including hums, and even in such 
conditions as pilonidal sinus, advances in the technic of herniorrhaphj’ 
were not directly stimulated by the war; tljcy were for the most part 
already instituted at the beginning of the war, and were developed only 
coincidentally ^Yith tlie war. The chief advances in the field involve (1) 
the general technic of liernial repair (Cooper’s ligament metliod, etc.), 
and (2) the special use of new suture materials and supportive patches 
(cotton, stainless steel w ire, cutis grafts, whole skin implants, tantalum 
mesh, etc.). These technics will now be considered, along wdth changing 
ideas concerning certain debatable points in the treatment of groin 
hernias. 

During the past decade at least three excellent books on the subject 
of hernia have appeared. These include lason’s "Hernia” (1941), an 
encyclopedic text ; Watson’s "Hernia” (1948), also a complete text with 
an excellent bibliograpliy ; and third, Mair’s "The Surgerj' of Abdominal 
Hernia” (1948), a smaller book reflecting a more British view’point and 
emphasizing the new' method of w'holc skin implants as supporting 
patches in hernial repair, a technic introduced by Main The account 
of herniorrhaphy in Maingot’s "Abdominal Surgery” is also an excel- 
lent one. 

ADVANCES IN GENERAL TECHNIC OF HERNIAL REPAIR 

Decrease in Popularity of the Bassini Procedure. — ^This trend has 
been especially noted in Great Briatin since the onset of the past war. 

. Brandon (1945, 1946), Moloney, Gill, and Barclay (1948) and others 

From the Department of Surgery, University of Washington School of Medi- 
cine, Seattle. 

* Professor of Surgerj’ and Executive Officer of Department, University of 
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sulting Surgeon, Madigan General Hospital, Tacoma, and Children's Orthopedic 
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liavo \\rittcn disparagingly concerning the methcxl. Brandon worded 
the tide of his 1015 article in a provocative manner: “Inguinal Hernia: 
Tile House That BuJU " Lunn (1948) succinctly e\pce«ses lus 

dissatisfaction with the Bassini relation by stating: “Bassjni's opera- 
tion has no coimterfiart in nature.” Ogilvio (1917) stated: “Basslni’s 
operation spans nothing but makes the weak area atill weaker '' 

Relationship of Inguinal Hernia to Previous Appendectomy.— In a 
thorough review of the suborn. Pitkanen*{I9tS) studied a large senes 
of appendectomies for the subsequent ilevclopment of hernia He con- 
cludes as follow s . 

AccoriJiDR to l/'hni'inn the freijitenev of micuinfl] Iscrniae w 21-28 per cent 
« hite Hio frequency of imkiuos! ticrntjie fottowiiiK opernUons m m) matena! is 2 -1 
±04 per rent, the inKUini)] herniae »n nij malen.ij might therefore hate become 
mamfesl aUo without nppenOeciom) 1 cannot therefore state that appendectomy, 
with ail the various farlors connected «ilh il. Las been ft (leejstvu factor »n the oc- 
currence of these licrniftP If wc invcstifpiRC tliift question, however, in connection 
with opcratiotw jicrformt'd a-t (he pcnioiiil>3il>fTu3.k universalis stage, ncahal! find 
that right inguiniii luTninf occur in 5d ± 1 4 jwr cent of the cases of McBurney's 
incision and in 5 I ± 1 3 jicr cent of the caws of l/cnnftndcr’s incision, which corre- 
lation values can also bo Kt.itisticalb proved to belong lo that claw of dugnoses 
Therefore, if the pontojutw ts far ndsunerd nnd the incision us well ns the period 
of drainage is long, the operaiion ma> lie followed by a eonsiderablc number of 
right inguiimi hermac tn pewons who bas-e a congenital predwpoeition to her- 
iiiatton 

The rooftotw for the occurirnce of inguinal herniae npcording to literature arc 
when McBuriio '» iiirisiuit is em]>Io>ed, injury to the ilioinguinal nnd the ihohy- 
pogoattie nervp, and in cases of Iicnnsuder’s incision, functionsl disturbstscea la 
the abdominal wsll let hotb these incisions general wenkness and iniury of the 
abdocnina] lasers on mg to {leritoiiitis are also of importance Krogius’s incision 
docs not seem to influctico the manifestation uf inguinal herniae 

Thus, if we compare the three appendectomy incisions m question loocesR- 
other as the csu«e8 of right inguinal herniac wc ahnlJ fmd, on the basis of ma- 
terial, that McBuniev’s incision seems lo enuw inguinal herniae more frequently 
than keiinfliider's and Krogius’s incisions * 

Hicks (1941) also felalcti . “Wc found Ibat a cori«klcraWe Tninibet of 
right inguinal Itcrnias follmtctl the McBiimcj* incision for appendicitis 
Tins IS, no doubt, due to a blind tearing injury to nerves and muscle 
nhen this incision is used.” To obviate the difRculty, Hicks lias adopted 
the transverse incision for appentlicilis without abscess. 

Recurrent Hernia. — The two problems of recurrent lieraia are the 
primarj' (unsuccessful) operation and the sccondarj’ procedure. The rule 
of Fallis (19il) throws light on this aspect of the subject The rule is 
that liernias done m poor clinics recur as indirect ones (bewuse the sac 
ivas never ligated properly, if at all), uhilo those done in the better 
hospitals develop direct recurrences because of the natural tendency of 
all hernias so to progress In a good clinic, therefore, emphasis should be 

• Pitkanea, A. The Ilelatioo of Incisional and Inguinal Herniae as well os of 
Mrchnnical Intestinal Disturbances to Previous Operations for Appendicitis wi 
I'mtonUis. Acta ChirurgicsScand S6 1*186,1948 
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on doing both primary and secondary operations ot a tj^pc (c.g. the 
Lotheissen procedure) which will prevent direct recurrences. Swenson 
and Harkins (1913) concluded that if the t>Tie of repair is proper, 
nonabsorbable sutures are usually as adequate as fascia in operating on 
recurrent hernias. 

Treatment of Hernia in Infancy and Childhood. — ^Thc two problems 
involved are when and how to operate. Regarding the first of these 
questions, Larsen (1949) of Vanderbilt University stated: “Hernia in 
infants and young cliildren should he treated by operation. Operation 
should not be deferred because of the age of the patient.” The other 
conclusions of Larsen in his excellent summary of the subject deserve 
consideration. These are: 

The Irusa should not be employed \tv the treatment ot inRUlnal hernia in infancy 
and early childhood. The cures are rare, the danger of the hernia is not diininishe<l, 
the fear of the hernia by the parent and the inefficacy and filth of the truss result 
in an environment that produces profound emotional disturbances in both the 
parents and the child. 

Compressible hydroceles of the cord or cord and tunica vaginalis arc communi* 
eating hydroceles and are always infantile hernia. 

Noncompressible hydroceles of the cord or cord and tunica vaginalis arc non- 
comiminwating hydroceles and in 80 per cent of our cases were accompanied by a 
definite hernia of the upper portion of the vaginal process. 

It IS unnecessary and undesirable to carry out associated Bottle or other opera* 
tions on the coverings of the scrotal cord and testicle when doing a herniorrhaphy 
for infantile hernia with or without associated hydrocele 

Incarcerated hernia should be operated upon immediately without attempts 
at reduction.* 

With regard to the second question posed above, the type of operation 
to be used for the repair of hernia in infancy and childhood, there 
is a definite tendency towards simple hemiotamj' with sac ligation 
only, rather than radical herniorrhaphy. The present author agrees with 
this trend as does Craig (1948) altliough Larsen (1949) does not, the 
latter adtnsing a Ferguson type of repair. Sir Lancelot Barrington- 
Ward (1947) stated in this regard: “Dissection, ligature, and removal 
of the sac is all that is required. There should be no disturbance of 
the muscle or fascial arrangements of the inguinal canal.” 

Treatment of Hernia in the Aged. — ^The accepted custom in these 
instances is conservative. It must be remembered, however, that hernias 
do not grow at a steady rale, but progress in size exponentially and 
paxabolically, particularly in the aged. Because of this, Stronger (1949) 
recommended operation, concluding; 

A series of 82 poor -risk patie-* — ce • . 

been presented. Sixty-nine per 
or degenerative disease. Fifty-r 


Inguinal Hernia in Infancy and Early Childhood Surgery S5; 
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sBtcnt from hernia ?rt»ich contnbuttd greatly to their mvahtfism. 

y> here tniwcs were worn, they were inadequate Operation had been deferred for 
years because of "old age” or a cliromc medical condition In the group of 62 elec- 
tive cases, one patient died of a eercbm) accident and brain tumor 16 days after 
operation Of 20 patients sufijcclcd to emergency surgery, 8 died. The contrast 
tictneca the mortality figurw i« these tno groups ofTcrsagraphic argument for the 
cicctwc use ot surgery in the tieatmcnl of hernia in the aged * 


^IcVay anil Anson (10-J9) njtrfwl with lliis opinion, .stating: “Ad- 
t'ancdl age ivaa not rcgivnletl ns n contraindication to tho repair M the 
patient’s general plij''”''''] rondilton was good and hh symptoms were 
incapacitating.” At Ic " ' -''"’o of their patients were 

over fiO years of age? " ‘ - -c/. 

iho present author tends to agree wnui*. p.-- 
Iho ease, the patients them'^olvcs prefer the risk of operation lu 
comforts of tlie condition Since m.any of the aged arc qnife thin, the 
repairs arc often quite feasible « ith local anesthepia. 

Treatment of Femoral Hernia with Gangrenous Bowel.— -The method 
of Dennis and \’arco (1917) represents a distinct advance in ca«cswhcre 
gangrene is present and resection is required. The entire sac and contents 
arc resected intact m order to ar'oid bacterial conl.amination of tissues 
to be uswl for repair This is accomphshwl by freeing tlie sac and eon* 
tent'< above nitliout releasing the neck The peritoneum is opcnetl paral* 
!ol with (ho oldiquc skm incision, involved omentum is ettl and ligated 
close to tho neck and tiio mcscnte/3' of the small intotme entering the 
sac divided from the proximal to the distal sale of the incarcerated 
mto&tmat loop Each hmh of bowel is cbmpoil by two Och«.nec clamp« 
and the rntMtine divided between them with the cauterj*. The inguinal 
ligament n then divided near its attachment to the pubis and split 
laterally, enough of the heavy aponeurotic tissue being left in front of 
the neck of the mc to prevent it from rcla\ijig and releasing the con- 
taminated contents The entire sac is then freed by di'.<pelion down to 
the remains of the ring which is cut under direct vision and the complete 
contaminated mass rcmovcil vvjilimit soiling the field The internal 
oblique and transverse abdominal muscles arc sutured to Cooper’s 
ligament as far as the femoral vein and to the inguinal ligament lateral 
to this. 

Tho importance of the nature of the contents of the sac in strangulated 
femoral hcmi.a has been shown by Jarboc and Pratt (1919) 

Size of the Subcutaneous Inguinal Ring. — In phj'stcal examinations 
much IS made of tlie size of the subcutaneous or e.vternal mguinai ring 
as an indication of both potential and actual inguinal hernia. In an ev- 
colicnt rcvJe^y, Chassin (1917) found less correlation than would be ex- 
pected between these factors A study of 3199 soldiers between 18 an 
3G years old was made to determine the range of sizes of subcutaneous or 
external inguinal rings in large numbers of healthy young men. It was 


' •BtTCDgw, George; The Surgical Treatment of Ifernia in 
F.igbty-two Consecutive ratiCBts ow Sixty Yeara of Age 
2i3, 19W 


the Aged. A Study of 
Ann Sure 1/9 235- 
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found that 78.1 per cent of these men had external rings sufiicicntly large 
to admit the index finger, almost half being 1.4 to 1.9 cm. Tliis docs not 
agree -with the previous statements of many authorities and indicates 
that normal external rings vary widely in size and the average is ap- 
preciably lai^cr than formerly believed. In 724 men with asymmetric 
rings, the larger occurred on the left side in 57.5 per cent, but 58.3 per 
cent of inguinal hernias discovered during this study occurred on the 
right side. There was no convincing evidence to indicate that a largo 
subcutaneous ring is abnormal or that it predisposes to future hernia- 
tion. No correlation could be demonstrated between the size of the sub- 
cutaneous ring and the weight or height of the subject. 

Femoral versus Inguinal Approach for Femoral Hernia Repair. — 
There has been a definite trend towards a wider adoption of the inguinal 
approach. On the other hand, Waugh and Hausfeld (1942) reported on 
tile use of a femoral approacli with sac removal without attempting to 
close the femoral canal (Socin-A. J. Ochsner technic). Waugh and Haus- 
feld used the method in twelve cases of simple femoral hernia with good 
results. They did not advise the technic in complicated or strangulated 
cases. Birt (1947) advised the femoral route for nonstrangulatcd her- 
nias, and the inguinal route for strangulated femoral hernias. 

Injection Treatment. — The injection treatment of hernia has sufTered 
a progressive decline in the ten year period ending with the present 
report. This was influenced by several factors: (1) The method had 
never really gained a foothold in the larger surgical centers; (2) im- 
provements in the results of the operation made a substitute procedure 
less necessary; (3) the unsui^ical nature of the method combined with 
the difficulties produced by varying positions of the sac made it have 
little appeal to experienced surgeons; and particularly, (4) the unfavor- 
able report of the Council on Ghemistiy' and Pharmacy of the American 
Medical Association on August 17, 1940. Recently Lawrence (1948) 
has published a case report concerning fatal intestinal obstruction fol- 
lowing injection treatment of hernia- This author believed the method 
to be unreliable and hazardous. With this opinion, the present author is 
in accord. 

Disposal of Distal Portion of the Indirect Sac. — In. many clinics great 
care is taken, after dividing a long indirect sac, not only to close the 
proximal end but also to excise the remaining distal segment because of 
fear of developing a hydrocele. We believe that while high ligation of the 
proximal stump of the sac is the most important step in the repair of 
hernia, in most instances it is preferable to leave the distal portion of 
the sac in place. In cases of congenital hernia we do not generally even 
do a Bottle type of operation in the absence of a pre-existing hydrocele. 
The rationale behind this mode of treatment is that an almost certain 
danger of hematoma (from sac excision) is more to be feared than the 
more remote possib"=‘" ^ * t (1949) speak- 
ing of hernias in inf • ■ . that the distal 

portion of the sac s 

Simple Herniotomy. — ^There is more and more universal agreement 
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tliRt certain hernias (congenital indirect sacs in in/ants, chldren or young 
adults) arc best treated by simple herniotomy while otliere (indirect 
inguinal hernias m older persona with weak tissues, direct and femoral 
hernias) are preferably managed by a tj-pc of radical repair whether 
that be the herniorrhaphy of Hoisted (original), Ba'^sinl, Ferguson 
or jLothcis*en. Mair (1948) discussed the use of hcmiorrliaphy and 
herniotomy as follows: 


The inUiciitions for simple herniotomy ore absolute They are- (1) All iafsnts 
(2) All chiidren (3) All small indtreciiDguind hcrntaein aciuHs where the roascle 
and spfunctene tone of the canal b good (4) Moderste-aizcd indirect heraiae of 
adults where the muacles anti sphincters are in a state of temporary weakness, as, 
for caainple, nft cr illness associated with onset of a hernia, but where recovery « rlJ 
he associated w >th local and general increase in muscle tone. 

The contra-indicationa to simple herniotomy are - (1) All direct and recurrent 
lasuinal herntac. (2) All large and chronic herniac where muscle and sphincteric 
tone IB the canal has been lost (3> Where there u an awoctstecl factor predisposing 
to recurrence, such as clironic broochitu, bronchiect&sB, or the need to costioue 
m an occupation causing severe phy-aieal strain when the patient is elderly and the 
hernia large (4) Olweity aeeonipanicd by muscle flabbiness and ercess of extra- 
peritonea] fat (5) Ail trnumstic liemiae (d) All sliding herntae 
The results of simple herniotomy are excellent m the correct case • 


Cooper's Ligament (Lotheissen, MeVay) Techxtic.-— The present 
author behevea that tlte current interwt tn lids method occurring in this 
decade starting m 1930 is the most important trend in the treatment of 
groin hernia since the new developments beginning m 18S9 with the 
work of Bassim and Halsted. 

Following XamtU’s of the Cooper’s ligament technic as cited in 
Lothcjs^n’s claxhicai article on the subicct (ISOS), the method has 
been used by the following authors: Fischer (1919), Grom (1923), 
Stetten (191^3), Andrews (1921). Kevnes (1927), Dickson (1936), 
Goinard (1930), McClure and Falhs (1939). Heritage (1910), MeVay 
(1941), Amendoln (1941), Ncuhof (1942), MeVay and Anson (1942), 
Harkins, Szilagyi, Bru^li, and Williams (1912), Anderson (1943), 
Harkins and Swenson (1943), Swenson and Harkins (1943), Drunkow 
(1943), Hyde (1945), Sauer (1945), Hick and Sampson (1945), Parson- 
net (1945), Ro«s (1945), Clark and Ilasbimoto (1946), XfeLaugldm 
and Brown (1940), MattFon (1940), Blodgett (1947), Burton (1947), 
Dennis and Varco (1947), Colter (1917), Gamer (1947), Harkins and 
Schug (1947), Farris (1948), Donald (JOlS), Holioway and Johnson 
(1948), Watson (1948), Lunn (1948), Uicc and Stncklcr ( 19 IS), and 
MeVay and Anson (1949). llic method was cited m a Query’ and 
Note (J.A.M A 1945) and is listed m Watson's "Hernia” (Tiiird Bdi- 
tion, 1948) as a method of choice in the treatment of both inguinal an 
femoral hernia , , „ . . ^ 

The Buturc of (he transversaiis fascia or of the conjoined tenao 
to Cooper's ligament is, according toBruokow (1943), “liken^ to pu lOo 
the curtain clear to the base of the window instead of only halfway mr ^ 

. Q_ li.iTbe Surgery of Abdominal Hernia Baltimore, ffilliana & 

Wilkins Co ,1918. 
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effective blackout.” The same procedure can ulso be compared with 
tuclang the sheets in at the foot of the berl so that the toes of a tall 
person will not protrude. 

Anderson (19-13), in diacussing the causes of failure in repair of in- 
gjjinal hernia, stated : 

It js obvious that whcD the Ir.ansversaljs fAScia is altaclied to Poupart’s instead 
of Cooper’s ligament an undesirable pocket is left- That JS, the normal insertion 



Fig 535.— Cooper’s ligament. View of the left half of the pelvis v.ilh attached 
ligaments The rehationships between the firmly anchored Cooper's ligament and 
the loose inguinal ligament arc clearly shown. 

and attachment of the transversus aponeurosis and transversalis fascia in tlife re- 
gion is into the rectus sheath medially, then into the pubic bone and outward 


puiemiai wginiii^ ot a recurrent hcraia . . 
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Anderson, R.: Failures in loguinsl Hernia. Canad. M A. J 43.302, 1943, 
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Lunn (1918) spoke of the use of Coopct’a ligament as follows: “The 
conjoined tendon is attached in nature to the pectineal surface of the 
pubis and requires rcattachmcnt in many cases of hernia. Reconstructive 
operations for a failed inguinal sphincter arc better asmred of a firm 
foundation if they arc based on Astlcy Cooper’s rather than on Poupart’e 
ligament ” 

In tlicir recent excellent review of the subject of anatomic hernial 
repair, MeVay and An.son (1949) stateti: “Since tliere is no anatomic 
defect in the inguinofemoral region in the uneomplicated small indirect 
j/iguinn) liemia other tlian the presence of a congenital hemtal sac and 
a slight dilatation of the aljtlominal inguinal ring, it is recommended 
that this tjTie of hernia lie repaired by removal of the sac by acccptetl 
method'^ and by subsequent tightening of the nhdominal inguinal ring ” 
It is abo our opinion llial when one speaks of a small indirect inguinal 
hernia tlic diminutive sliould refer to the diameter of the neck of the sac 
rather than its length 

One of the few recent criticisms of the Cooper’s licament technic h 
that of Zirnmerman (1018) in an editorial m Surgerj*, Gynccologj', and 
Ohstetrics This author made the follow ing comments concerning the 
theoretical advantages of the method 

1. He stated that tlic objection to the use of Poupart’s ligament (hat 
it fails “because of lack of fatly of the structure to which the abdominal 
strata arc sutured" is invalid liecnuso if tins were so recvirrcncea would 
occur below Poupart’s ligament in the femora! region It would seem 
to the present author that not only the lack of fixity but also the rela- 
tively superficial position of Poupart's ligament is a deterring factor, 
Orthopecij>ts who do tendon transplants know that the angle of pull of 
muscles is important. If the transversahs fascia normally inserts into 
Cooper’s ligament, this situation should be restored. 

2. Zimmerman also pointei! out that the Cooper's ligament technic is 
more difficult technically. Granting that this is so, although the increa.<:cd 
technical difficulty is, in the present author's opinion slight, added tech- 
nical difiicuUy is not in iti.eU an argument against on othenvise superior 
operation. It is well known that the reeurrenco rate of thu Poupart’s 
ligament technic m most operator’s liands is high (and particularly so in 
the hands of those to whom the increased difficulty of (he Cooper's lig-a- 
ment technic miglit be a deterring factor). A somewhat similar situa- 
tion exists in the field of surgery for peptic ulcer where admittedly 
gastroenterostomy is simpler technically than gastric resection, yet most 
clinics advise gastric resection in the majority of surgical cases. 

3. Zimmerman stated that the lateral portion of the inguinal canai 
cannot be closed m the Cooper's ligament technic “because of the 
presence of femoral vessels crossing the superior pubic ramus.” This is 
certainly true if the repair is looked at from a purely nonfunctional and 
anatomic basis. Ilow'cvcr, with the transversahs fas5cia (and conioinea 
tendon) aiturcd deeply, contraction of the muscles closes the opening. 
This muscular closure is prevented when the aponeurotic stmetuw am 
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sutured superficially to I’oupart’s Ii(^nu>iil. Incidentally, Zimmerman 
goes on to state: “In order to close this [the lateral) portion of the canal, 
Harkins [Harkins and Schug, Arch. Surg. 1917, loc. cit.) who has en- 
thusiastically endorsed the MeVay method, sutures the lateral portion 
of his fascias to the inguinal ligament.” Not onli' docs the present author 
not do this, stating to students that it defeats the functional purpose of 
the operation, but re-examination of the paper referred to (Harkins and 
Schug), reveals no place where tins is advised in either text or illustm- 
tioas. in aU fairness it showW be said, hewerer, that Zimmerman’s 
words of caution are appropriate and only time will give a definitive 
answer as to the ultimate superiority of Cooper’s or Poupart’s liga- 
ments as the lower anchor of the repair of an inguinal hernia. 

Burton (1948) gave the following criteria for the use of the Cooper’s 
ligament mode of repair: 

(o) All femoral loculatioiis of the sac 

(b) Inadequacy of the inguinal ligament 

(c) Arborization of the sac 

(d) Generalized laxity of the inguinal wall 

(e) ^yKicniDg interligamcQtous space 
if) Refractory hernias 

The present author would list the indications for the method as fol- 
lows: 

/ndicoCions: 

(a) Femoral sacs 

(b) Direct sacs 

(c) Recurrent groin hernias of any type 

id) Indirect hernias in older persons or m those with weak structures 
Contraindicalion$: 

(a) Indirect hernias in infants, children, or in healthy adults with strong 
structures 

Generally speaking we do either a Cooper’s ligament herniorrhaphy or a 
simple herniotomy with high sac ligation. There seems to be little in- 
dication for halfway measures such as the Bassini type of repair which 
we feel to be unnecessary in congenital indirect hernias in children and 
inadequate in direct hernias. 

MeVay and Anson (1949) agreed that the three groin hernias present 
similar problems (except the small indirect inguinal hernia). These 
authors stated: “A single operative procedure is presented for the repair 
of large indirect inguinal, direct inguinal and femoral hernias. This opera- 
tion consists essentially of restoring inguinofemoral anatomy to normal 
status. Repair is similar because the three types of hernias represent 
defects in the same layer at different points.” 

Technic: Cooper's Ligament Method 
General Principles. 1. Silk sutures were used in all cases except in a 
few where cotton or fascia was utUized (the latter in conjunction with 


absolute indications 
equivocal indications 
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i4m 

2 Tho pnticnts arc at present aHowwl lo get out of !>«} the e%-enine of 
the day of opcnvtion. 

3 Except « hen tho hernias are large or the patients m poor cowlition, 
ue w ill repair both sides of a bthtcml hernia at one operation. 

S(ep*by-Sfep Procedure. Tlie operation can l>e dividccl into ten steps 
as follows' 

Skp 1 Expoiure of the Cord and Opentns; of the Indirect .Sac.—Thc 
iwi-ion m the skin is made from 1 cm medial to the antcrosnperior 



Fip 5313 —Cooper's bjKimcnthemtorrhaphy tnemon of the skin nnri beginning 
of incision of iJjp cstrrmJ oblique fljwncurmis The rxlernnl oblique aponeurosis 
IS iLsiiatb opened in llie directum ol its fibers so that the opening nili Is' even with 
the upper border at the esternnt ring The umiertving iliohypogiistnc nerve is care- 
fully avoided 

iliac spine to over the pvibic spine, which exposes tiie external oblique 
aponeurosis. The external nng is cxpo.setl and the external oblique 
aponeurosis split m the tlircclion of its fibers cx"cn with tho upper border 
of the nng to allow for an adequate lower flap This splitting with the 
ftcaJpcI is best begun 3 cm. from the ring, as shown in Figure 536, to avoid 
the nerves where they are adherent to the ring The split is then extended 
laterally and upward with scissors and tlicn tlow nwanl m the direction 
of the externa! ring after the iltoJy'pogastric nerx'e, which is often ad- 
herent to the under surface of the external oblique aponeurosis at tbu 
level, has been carefully peeled ftivay It'hen cutting occurs aecidentaJly, 
it is usually near the external ring, and it may be prevented by approach- 
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ing the latter from the lateral side. The cord and the surrounding struc- 
tures are then separated from the lower leaf of the external oblique 
aponeurosis and Poupart's ligament and then from the region of tlio 
pubic spine and conjoined tendon so that finally the cord is freed entire!}’ 
except at both ends. The indirect sac, which is always present even in 
normal persons, is located upward and medially from the internal ring. 



Fig 537 — Cooper’s ligament herniorrhaph}'. Exploration through the opened 
indirect sac. The latter i.<» alwaj's opened and any lemoral or direct sac is trans- 
posed by the method of Iloguet to become part of the indirect sac. 

The indirect sac is opened in all cases, whether the hernia is indirect 
inguinal or femoral. In many instances of direct inguinal hernia or 
femoral hernia the indirect sac will be normal in size, but it can always be 
found above and medial to the cord. In cases of complete indirect in- 
guinal hernia of Ihe congenital type or in patients in whom the hernial 
sac is long the latter is ait across near the internal ring and separated 
from the cord. The proximal end is closed by an internal purse string 
suture, as outlined later, wliile the distal end is left in place Many 
surgeons are of the belief that to leave the distal sac in place will cause 
hydrocele. This has not been our expcnencc, and we believe that the 
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hematomas that result from the removal of the distal sac are far more 
diastrous than any tlicorclic occurrence of hydrocele. 

Step S. Exploration of IIesscibach’$ Triangle and of the Femoral liinff.— 
Once the indirect sac is opened, it is a simple matter to insert the. glnvcd 
finder and feel llef.?clhach’s triangle for a direct weakness or obvious 
direct hernia and to feel tin} femoral ring. It is indeed surprising how fc»' 
suj^cons will take the extrj^ thirty secontls needed to perform this ex- 
plomtion, and many femoral ami direct hernias that “recur" are over- 
looked because tljis maneuver wa*^ not performed. Exploration of the 



Fig 53S —Cooper’s liKamml licrmorrtvapby Hoguct’s maneuver The «lirect 
eac has notv been transposed and tlw gauze-tipped Kuttner disseetor is liolding 
back the intestines 

femoral ring and llcssclbach’s triangle wuh the finger tip as ?ho«'a in 
Figure 537 should be an essential feature of the repair of al! hemi.as. 

Step S. Hoguri’s Maneuver — Transposilt'on of Otreci or Femoral Sars 
info the Indirect Sar. — If a direct sac is present as shown in Figure 533, 
it should be transposed laterally to the infenor epigastric vessels by Uie 
technic of Ifoguct (IP20^ ivhich has since been populanicd by 
(1938). Tiius, the direct and indirect sacs ore converted mto one This 
stop may be dc.<.cnbcd m Hogtict’a oivn words as follows : “By tra.ction 
outward on the indirect .“lae, all of the penioneum of the direct sac may 
be pulletl external to the vessels and the tn’O sacs converted mto one- 
An indirect sac can always be found in these cases, although it may e 
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very small.” The same procedure can be used to convert a femoral sac 
into an indirect sac, as practiced by McClure and Fallis (1939). This 
maneuver is extremely useful. In general, no matter how large a direct 
sac is, it is not opened but is merely transposed. In the case of large direct 
sacs the transvcrsalis fascia can be infolded with numerous interrupted 
silk sutures. One advantage of not opening a direct sac is the fact that 
the danger of opening the bladder is lai^cly obviated. In some instances 



Fig. 539 — Cooper’s ligament herniorrhaphy. Internal purse string suture. This 
suture completely closes the sac and by small bites obliterates all its folds The 
redundant sac (proximal to its division and distal to the purse string suture) is 
usually placed inside the internal ring but, if large, may be excised. 

all three sacs can be converted into a single indirect sac, which in turn 
can always be dealt with as described in Step 4. 

Step 4- Internal Purse String Closicre of Indirect Sac . — The indirect 
sac, whether it is simple or enlarged by the added conversion of direct 
and femoral sacs, is then closed with an internal purse string suture 
of medium or hca\'y silk, as shown in Figure 539. Many stitches are 
taken with a round noncutting needle so as to include all crevices. Such 
a closure is done as high as possible to prevent indirect recurrences, 
although the sac is not attached beneath the abdominal wall as is done 
by Collins (1942). 

Step. 5. Plastic on the Internal Ring — MacGregor’s Maneuver . — \Vhen 
the free ends of the purse string are cut and the peritoneum snaps back, 
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the (Icfcct in the transversalw fascia at the internal ring is seen to he large 
and in many instances w lil admit even tlircc or four fingers, llie fascia n, 
grasped with ^Ulis clamps at numerous points around the internal nng 
above and medially as far as the inferior epigastric vessels— but not 
entirely around the circumference inferior to the cord— and a second 
partial or semilunar purse siring suture of medium or heavy silk is made 
in the transvcrsalis fascia. Tins ensures a snug fit around the coM, but 
the purse string itself docs not surround the cord. Es.«cntial!y this step 
involves the suturing of the transversalis fascia, Ilcnte's ligament and 
cremaster muscles together. Occasionally tlic conjoined tendon may be 
included in liie sutures, but the shelving edge of Poupart’a ligament 
should not be included since tlic normal and dc'sirablc retractile sphinc* 
tcr-likc action of tlic internal nngdcmonstratcHl by MacGregor (1929, 
1030, 1915) nould be jnter/envJ wjih The »«« s>/ JJenlels bgament hss 
been cspwwlb' described by Clark ami lliishunoto (1910). 

Step G. /fc/njrahoii of the htlrmal Obhque Muscle.— The inner layer of 
the antenor rectus fa.<eia cs UMiaJ/y split for a distance of about 3 inches 
(7 G cm ) from a point 2 < m id«)vc the pviluc spme upwanl and laterally. 
This is <lonc almost exactly as described by Ricnhoff (1940) and as 
sliouTi m Figure 540 The t'Xtemal oblique aponeurosis is lifted up by the 
assistant and the mtomul oblique aponeurosis cut just lateral to the 
junction of the two to where they form the hne.a alba. Tlie rectus and 
pyramidali’' n»j!?clo.s arc expo«o<i Tlic iliohypogastric nen’o and the 
adjoining nervx^s and ves-sels which enter tlie rectus muscle through the 
internal oldiquc aponeurosis at this point can be avoided easily. This 
relaxation allows the internal obhipic and tli© attached transversahs 
fascia to be pulled down for the subsequent repair without tension. 

Slcj) 7 Sutures into Cooper’s Lijorncnt — -The “red” muscle of the 
internal oblique is entirely disregarded and even may be excised for con* 
vcnienre where it overlies the conjoined tendon Usually it is elevated 
with a f-mall retractor and tho conjoinwl tendon located with a gauze 
(Kuttner) di.s.'jcctor. If the transversahs fascia appears strong enough. 
It alone is used for the upper leaf of the repair. If it is not adequate, one 
must go higiier and include tlic internal oblique aponeurosis. In no 
instance should “red" muscle be useil. TIic Iranst-crsahs fascia, and often 
the conjoined tendon, therefore, fonus the upper leaf of the repair, 
while Cooper’s ligament is the lower loaf. i\s stated previously, Cooper s 
ligament is an extremely tough thickening of the periosteal structures 
on the antorosupenor surface of the anterior ramus of tlie pubis 

During the first year or so that this repair was used, Cooper's liga- 
ment ivas tdsuahzod by breaking down Hes'=olbach’s triangle. Then for a 
year or so the sutures were applied blindly, Ilessclbach’s triangle liemg 
left intact, Recently, hmvcver, there ha.s been a return to the principle 
of direct visualization of Cooper’s ligament, it being decided that it u 
easier and safer to apply the sutures when there is direct vision, and 
during the past four years we have routinely visoaiizcrl Coopers Ji^- 
ment. MeVay (1917) used the method of direct viauuliration arc 
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separation of the fascia over the anterior ramus, Cooper’s ligament is 
exposed. The left index finger is placed on the anterior ramus of the 
pubis near the spine and movctl latcralli' along the crest until the femoral 
vessels are reached. This is usually about 4 cm. lateral to the spine of the 
pubis. Since the finger is held in close contact with the bone, the vessels 
being kept lateral, and the first stitch is placed medial to the finger, 
there is little danger of damaging the vessels. The first stitch is thus 



Fig. 540 — Cooper’s ligament Jierniorrhaphj'. Pl.ostic closure of internal ring 


An attempt is made to sp.'ire the nerves and accompanying blood vessels. 

usually 3 to 5 cm. lateral to the pubic spine. Therefore, since the upper 
leaf is to be grabbed with the suture first, the needle goes through the 
transversalis fascia a corresponding distance of 3 to 5 cm. from the pubic 
spine and then through the thick Cooper’s ligament on the upper border 
of the pubic ramus. The stitch is then tied as shomi in Figure 541 and 
the intcr\'ening gap between this point and the pubic spine is closed 
with three or four similar sutures, as shown in Figure 542. The most 
medial sutures usually go through Gimbernat’s (lacunar) ligament as 
well as Cooper’s. It is important that the most lateral suture be placed 
first, as otherwise it is more difficult to protect the vein. The sutures into 
Cooper’s ligament are of double hea%T 0 to 00 silk and are applied with a 
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small (No. 7) round cun-ctl Mnyo needle, which is best held with a IMaml 
or a Jones needle holder. Tlic double strands are made into a double 
(or triple) knot, and then the individual strands arc separated and tied 
in pairs (tins is called “braiding”) We have found the braiding technic 
to be useful in other operations >vhere we arc especially anxious that a 
double suture not become untied and yet the making of the knot is 
difTicult because of the depth of the wound. Tlve relatively large amount 


y, 



ot Bilk used has seldom caused trouble. In certain eases, because of the 
prominence ot HoscnmUllcr’s pland (a lymph gland bewP® J 


TOturo on the internal ring oiten Beems to no a 
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those doing the operations for the first time. Actually this is not so, 
because the arched internal oblique muscle will tend to close this defect 
on contraction. Any attempt to tighten it by suturing the internal oblique 
or conjoined tendon to Poupart’s ligament as is done by Baritell (1944) 
and others defeats the purpose of the operation in my opinion. Such a 
suture interferes with the spincter-like action of the internal ring and 
tends to pull the transvcrsalis fascia away from the Cooper’s ligament. 



Fig 542. — Cooper’s ligament herniorrhaphy. Completion of Cooper’s ligament 
sutures Usually four or five such sutures are introduced, the most medial of which 
also pass through the lacunar (Gimbernat’s) ligament (Modified by H. W. 
Symmes; original drawing by Evelyn Erickson. (Author’s article in Arch. Surg , 
December, 1047.) 

If such a suture were done it would mean that after carefully fastening 
down the conjoined tendon we would try to pull it superficially again. 

Step 8. Closure of the External OWtguc Aponeurosis . — In the first third 
of this series of cases the external oblique aponeurosis was closed be- 
neath the cord after the manner of the original Halsted-I procedure in 
the majority (61 per cent). In the more recent two thirds of the series, 
however, it has most often been closed over the cord (Fig. 543), the latter 
being dropped into the dead space left by the closure. Tlius more re- 
cently the usual closure of the external oblique has been done in a typical 
Bassini manner (97 per cent). We call these two variations of the pro- 
cedure the Halsted-I-Lotheisscn and the Bassini-Lotheissen or Cooper’s 
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ligament repair with and without, respectively, subcutaneous transplan- 
tation of tJic cortj.* There has been one recurrence when the former 
uicthod ii’as i/'cvi tincl tuo uhen the fatter was used fn hofh procedures 
the cvtcrnal oblique w pJo'wl nith mternipted hnc or medium silk 
Milurcs, little if any imbrication being used. 

Slf’p 0 Closure of Scarpa's —Closure of ScarjJa's fascia with 

small bites of the suture bcems m«>rp anatomicaUi' and leaves less 
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silk titan does suture of the fat with Jarge bites taken ot random. This 
closure is especially important witli a Ilalstwl-I type of repair as it gi' es 
the alreadj' suporhoial cord addilionai protection Tlio sutures are prefer- 
ably placed so that the knot will be down. . , 

Step 10. Closure of the Skip . — Intemiptcd sutures of silk are advisable 
for this step. The proper closure of tlie lower third of the wound insrae 
the hair line is of especial importance ■ i au 

Additional Features in Technic, Ross (1915) described a special neeae 


• Foe a clarification of the terminologr of eponj ms in connection with some of 
,ho operations for groin hernias, particularly by Dr. Ilnlstcd. see Isoont , 
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for suturing Cooper’s ligament in performing a Lotheissen procedure. 
Tlie present author lias use<l the Jones needle lioldcr and prefers a No. 7 
Mayo ncc<lle eitlier with tlic Jones or an onlinarj’ needle holder. Rotlis- 
child (1947) sutured Cooper’s and Poupart’s ligaments and the con- 
joined tendon all together (i.c a comIuiic<I Lotlieisscn and Mosclicowitz 
procedure). 

Use of HVrc Siilurcs Through the Pubic Bone . — In three recent eases 
(tlie patients were males aged 59, 82, and 57) Cooper’.s ligament was 
found to be partially or almost completely deficient. In tlicso instances 
drill holes A\cre made through the anterior ramus of the pubic bone 
adjacent to the sites where the ligament would have been sutured. 
Stainless steel wire sutures were then passed through the drill holes and 
sutured to the conjoined tendon in the usual manner. These three pa- 
tients had a repair of a recurrent right indirect inguinal, a right direct 
inguinal, and a recurrent right indirect inguinal and femoral hernia 
respeotivelj’. In all three instances the immediate result was good. 


TABLE 1 



Num- 



ber of 

Per- 


Pa- 

cent- 


tienta 

age 

Malo 

311 

97 

Female 

9 

3 

Total 

320 

100 


Material: Cooper’s Ligament Method 

Using the method as described in the ten steps above, 39S hernias have 
been repaired during the past nine years. TJie operations were done by 
the author (232 hernias) and by sixteen members of the resident staff 
under his direction (IGG hernias). During the past two years no cases by 
residents were included (except two w'hich were contralateral repairs 
where both sides were done at the same operation and one side was done 
by the author). This recent exclusion is to avoid inclusion of cases done 
with too many minor variations. 

Sex. — ^The predominance of males in this scries (97 per cent, as sho^vn 
m Table 1) reflects the usual sex difference, which is much e.xaggerated 
by the industrial occupations of the clientele. 

Side. — The right side was operated on most often, as shown in Table 
2, while in seventy-nine instances a bilateral repair was performed. The 
table refers to this tj’pe of operation only; in several instances, especially 
early in the series, procedures were done on the other side which are not 
listed. In every such instance the operation through Cooper’s ligament 
was performed on the side with the largest hernia. For technical reasons 
a Lotheissen operation on the left side is more difficult for a right-handed 
surgeon than a similar operation on the right side. 
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careful animal experiments. In two cas^ where the gkin implant was 
examined later in human subjects, it w^s found to be converted into stout 
fibrous tissvie Mair stated; 

In ray own practice I have repaired 140 indirect inguinal hcrniac with the whole 
akin Rraft (eclmique and with a recurrence rale of 071 per cent after a follow -up 
of I )par I have also repaired 40 direct ingumnl herniae by the same technique 
without a recurrence at the end ota>cars This wnssociated with a morbidity rate, 
boll) immediate and remote, wliieh compares well with figures from both my own 
practice ami result? from other eliitira for otlier methods These figures embrace 
those repairs iwrfomied with akm only over a short period 

b'o far I have found no eoniraontiicafinn to tlie routine use of the operation 
where sound repair i? indicated, but imwt on an adequate prc-opcrative skin 
preparation as licing esaentiiU to climmalion of eejisw as r complication.* 

Wot and Ilick.s 0918) have al^o reported favorably on the uw of 
whole skm grafts in the repair of inguinal hernia, particularly recurrent 
eases, and femora! herma. Tlie method has nbo been used eucecssfully at 
the VniverMty of I’ennesvee (U’lhon, lOIS) 

Darning and Filigree Technics.—nic.<o are c^pccjally popular in 
Great Britain where faith m the cla'^sical Bassmi opemtion i% bt^inmng 
to falter, and reliance ha^ not yet been widely placed in the Cooper's 
ligament technic Maloney, Gdh and Barclay (1918) advocated a 
technic tiding nylon dam While the meidencc of infected sutures re- 
ported was small, thi.s method of using a eontimiou.s burietl nenabsorb- 
ftblc suture seems inativi^iblc to the present author for routine work 
Vitalltum Plate. — The use of sucli a buried support was advised by 
McNcaly and Classman (191C)- 

Tantalum Mesh.— The use of tantalum merii as a rcmforciry? patch 
in hemial repair has been advocated by several authors including 
Koontz (1919), Jefferson nud Daily (1918), Lam, Szibgyi and Puppen- 
dahl (iO-lS) and Throckmorton (19-18). The present author luas used tan- 
talum me‘*h for two incisional hernias, but not for a groin hernia as yet 


CONCLUSIONS 


The surgical treatment of groin hemhas has advancwl considerably 
during the decade just ended. Tlie chief developments in the field inciuae: 
2. Improvements in gcncrat tcchnK nml operative indie-ations: 

(a) Use of an earlier but more consen'ativc type of operation lor 

hernia in childhood. , , 

(b) /V more radical approach to the subject of hernia in the age 

(c) Introduction of tlie Dennis and Varco method of do.aung wi 

femoral hernia containing gangrenous bowel «n 

(d) An increased use of tlio inguinal approach in dealing wi 
tjTies of femoral hernia. 

(c) A <lccrcasc<! use of the injection treatment 


in 


•Mftir.G n : ThcirscofWl,oJeSkraGr»ftaflsa 
the Trcfttitienl of Ilerni.'vs Prehimnary Report 


Sub-stitute for Faso iaj 
Am J Surg. 352, 1315. 



nCPAiR OP CROIX HERNIAS 


U70 


2. Wider use of the Cooper’s ligament technic for direct, femonil, 
and laige indirect hernias as a means of restoration of the normal ana- 
tomic continuity of the involved structures> 

3. Advances in the special use of new* suture materials and supportive 
patches. 

(а) Xonabsorbable sutures or patches (exogenous): silk, cotton, 
stainless steel wire, vitallium plate, ami tantalum mc.di. 

(б) Endogenous sutures or patches: fascia^ cutis and whole skin. 
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EARLY DUGNOSIS OF CANCER OF THE KIDNEY 
D. K. Rose, M.D., F.A.C.S.* 

There is but one cure for cancer of the kidney: the surgical remov’al 
of all malignant tissue. Everj' advance to this end must be directed 
toward earlj’ recognition of the disease, as the early days of the localized 
malignant change ofTcr the only opportunity for favorable surgical in- 
terv'ention. 

SYMPTOMS 

The principal symptoms of renal tumor, as frequently considered, 
are associated all too often with a large cancer that is either inoperable 
or offers an unfavorable prognosis with surgical removal. Tliese symp- 
toms arc hematuria, mass in the kidney region, possibly some discomfort 
or pain associated with the mass, or urinar>’ infection. Any of these 
sj-mptoms, singly or in as<?ociation, may or way not be a warning of 
cancer of the kidney. In any case, there is but one safe diagnostic policy : 
to locate the etiologic factor which started the symptom or chain of 
symptoms. Pain or hematuria may first be caused by a tumor, and in- 
fection of the urine may be secondao'J or this relationship can occur in 
the reverse order. 

Urinary Infection. — Infection of the urine is invited whenever the 
highly specialized epithelial lining of the urinary tract can be invaded. 
Oi^anisms normally are excreted daily in the urine. \Vlien, in their 
passage through the urinarj' tract, they meet witli traumatized, ulcerated 
or roughened epithelium, or when the urinarj' flow is slowed down (stasis 
or relative stasis) in its passage, cither within a blocked calyx, pelvis, 
ureter or bladder, or when the excreted bacteria meet w’ith an unusually 
favorable growth medium, such as blood or sugar in the urine, they have 
an opportunity to multiply more rapidly. With their abnormally in- 
creased numbers, they now invite a clinical infection. 

Cancer in its development may invite infection early or late ; this de- 
pends upon whether it ulcerates or sufficiently blocks the urinary flow. 
Obviously, therefore, a malignant growth starting near the pelvis may 
invite our attention earlier in its development than one situated deeply 
w’ithin the renal cortex. 

Hemorrhage. — Hemorrhage certainly is tlie cardmal warning sign, 
and eveiy effort should be made to locate the source of the blood when 
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noted for the first time m the urine. When possible the patient should 
be cystoscoped while bleeding Blood i^y bo soon spurting from a ure- 
teral orifice \Micn an acute cystitis h a^ociated, cystoscopic evamma- 
t»on may bo delayed for only n few days. 

All too often we arc given the history — “I passtxl blood si\ months 
ago but 1 got well” , which alwaj'a moans, in tlealmg with cancer, that 
it has gained an atlvantngc. Possibly the patient has been given unnarj' 
antiseptics, and the drugs eironcously arc credited with stopping the 
bleeding. And, of course, we well know that gross bleeding is often peri- 
odical, although in the “clear unne” periods occult blood can always be 
found microscopically in the centrifuged specimen of urine. 

Masses. — Tumors of the kidney shouW be duignosed before a mass h 
palpable, but unfortunately this is not always possible ITiis must be- 
come increasingly possible if we arc to effect a higher percentage of 
cures It IS a distinct challenRe to eveiy physician, that he use all of 
our implements of diagnosis at the first ejTnptom; and to the laity tliat 
they report to the physician with the first symptom. 

Pain. — Malignant tissue !“» not mneiamtod, therefore sensation is 
transmitted by it to outside ncn’c terminals. Pam may occur during 
the first days of infection, and also with ureteral passage of blood clots 
Obviously, when due to growth of a tumor, pain is a late symptom, and 
IS n dangerous one to wait for. 


STEP.By.STEP INVESTIGATION 

Probably the greatest advance toward the early diagnosis of any 
) urinary tract disc.asc, including carhj cancer of the kidney, would be the 
acceptance by physicians of one diagnostic plan — an orderly procedure 
cooidinating all of our new and old information, diagnostic procedures 
and tj^os of examination This would insure a step-by-step invcst!g.ation 
m all cases, until the urinary disease is iliagnosctl. Such a method would 
include the following steps, m the ortler given* 

I History 

TThc historj’ should bo taken by the physician, who visualizes the 
entire urinary' tract and searches this tract in his ouf'®*"'" ' 
origin of the infection and the 
attention shoid'^*^'" 
this symptom 

involved. . 

Pain origina eitiier loin must be investigated by , 

dysuria should invite our immediate attention as to why either 
bladder or the urethra first became inwlvcd. 


2. PiiYSicAi. Examination 


Dimaimal palpation of each kidney rcpoii and palpation a^ 

Sion of the abdomen, nreter and blnddee rcg.on are indicated, Kecta 
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examination is made to determine the tone of the anal sphincter ami 
the size, shape and consistency of the prostate. The anal tone provides 
a clue as to whether dysfunction of the bladder, with infection and/or 
hematuria, could be of neurogenic origin,* and physical changes in tfic 
prostate could invite infection or hematuria. 

3. Ex.\MrNATioN OP THE Urine 

In the male a two-glass test should always be made in either infection 
or hematuria. glass 1 shows more infection or blood than glass 2, 

we can consider that the source of bleeding or the principal infection is 
located between the meatus and the mtcmal bladder orifice. l\Ticn, 
however, glass 1 and glass 2 show an even admixture of infection or 
blood (and by infection I refer to pus colls and bacteria noted by methy- 
lene blue stain), then the abnormal urine definitely comes from the 
bladder. This is the only place an even admi.xturc could occur, whether 
the actual source be bladder, posterior urethra or kidney. 

Terminal hematuria suggests that the increased amount of blood 
seen in glass 2 originates from Uic posterior urethra or from the bladder 
mucosa, when their opposing surfaces meet at the completion of urina- 
tion. 

Hematospermia, bloody ejaculate, is usually associated with urethra! 
prostatic lobes, from which, with contraction of ejaculation, blood is 
literaUy rubbed from the opposing mucosal surfaces. 

Hematuria is frequently associated with primaiy kidney or bladder 
infection, and even more frequently with cysto-urethroceles with a 
residual urine. Glomerular ncpliritis must be kept in mind; with it, 
however, we do not expect clotting or gross bleeding. In our analytical 
diagnosis of cancer of the kidney microscopic examination of the urine 
is of the greatest importance. Low power examination of a drop of 
centrifuged urine, properly lighted, points out blood, motile bacilli, 
and casts. Frequently a subsequent methylene blue stain of a centrifuged 
specimen of urine is necessary to determine the presence of organisms. 
Culture is used to identify the organism. Pus in both glass 1 and 2, 
without organisms, is suggestive of tuberculosis. Its diagnosis requires 
stain for the acid fast oiganlsm, cuUuirc,*and guinea pig inoculation of 
a centrifuged specimen of urine. 

Pyogenic infection of the kidney is due to coliform organisms in 
85 per cent or more of the cases. Unfortunately .penicillin is not 
effective against these organisms. IVe find the coliform organisms as a 
rule in acid urine, which is determined by a nitrazino paper test; how- 
ever, they also occur in alkaline urines. The finding of motile bacilli in 
an acid urine calls for use of a sulfa drug rather than penicillin. Culture 
of urine obtained through ureteral catheters, when the bladder urine 
is infected, frequently gives us false positives, owing to contamination 
of the ureteral catheter from the infected bladder urine. Also, culture 
of urine may give us false negatives, for the reason that some organisms 
do not grow, possibly as a result of exposure to high or low temperatures 
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or to recent U5c of urinarj* antiseptics. For determining the presence of 
a methylene blue slain Jins far greater accuracy than culture 
of urine, aUhovigh both should be considcn^ in every case 
Malignant Cell Test. — Urine also may be searched by stain for malig- 
nant colls, after the principles of Papanicolaou* and Marshall. This re- 
ijmrcs the services of a pathologist, amJ a negative diagnosis js given no 
eonsulcnition , there must be nn accurate positive finding to be of diag- 
nostic vnliie tSpecimens of unne for staining by the pathologist should 
be obtajuwl u ith ureteral catheters 
Ilocently Foot and Papv'imcolaou* have presented an interesting case, 
a earemoma m situ, of the renal pchus and collectins tubules that v&s 
invisible on gross in.'speetton, even after the kidney had been surgically 
removed. Prcopcratit'c ureteral catheter ivashing smears from this kid- 
ney sho«e<l "cancerous dements,” aiwl "microscopic cvnmmation of the 
organ revealed small areas — m which there was unmistakable evidence 
of carcinomatous changes m the calyce.a! epithelium and that of many 
of the collccimg tubules as well.” Pyclograms were doubtful— blood 
was teen spurting from the mvolvcil kidney This case is favorable evi- 
dence and w e can liO{ie for development in th is met hod of diagnosis 


4. Uect.vl Fxamisatjon 

Rectal cxatnination should always be carried out after the voided 
urine, m tjie male, has been obtained. Othonvisc palpation of the pros- 
tate, lifter a light massage only eufiicicnt to obtnm prostalic fluid for 
e\ammatioii, uill be accountable for microscopic blooil found in the 
unne. In the female a perineal cvaramatlon is made hr urclhro-cysto- 
rcctoccle, one or all, ivhieh might nccount for a bladder residual urine 
cmising infection and siibaequont hemorrhage A earunclc could cause 
bleeding at the urethral mtaius AH of these determinations for the 
source of infection, or for the source of bleeding, in our .step-by^tep 
analysis bring us closer to the final diagnosis ivhicli, even with complica- 
tions 10 the lower urinary’ tract, may still be cancer of the kidney, 
must rule out the more frequent sources first, .ahvaj’s referring back to 
the patient’s history' for the ‘‘first synniptom, when and uhere ” 


5. Uesiduap UaiNE 

As hematuna or urinary infection may' be the “ushenng in” symptom 
of urinary' c.ancer, and as wc arc considering cancer of tho 
lean rather heavily on the duration of symiptoms of the bladaer, as 
secondary to symptoms loealiicd in the kidney region _ , 

It is important to have an established method for obtaining ® ® ^ ' 
der residual urine. Uc must recall that each kidney can 
as 30 cc. of urine in a minute, particularly when the 
drinking large amounts of fluid. It w also necessarj’ to recall tnat > 
» psychK inab,l,ty to empty the bladder onder sl«®-tbe 
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stress may bo due to nothing more than being in the doctor’s ofRce; 
anticipating intrusion, for example. The patient sliould bo as.sured that 
he \Yill not be molested, and asked to empty the bladder completely. 
He or she when finished must notify the doctor or nurse immediately, 
who should catheterize within two or three minutes after the bladder 
has been emptied. Such a test for residual urine is not important in the 
diagnosis when there is a large ma^s in the kidney region, at least in 
respect to the involved kidney, but it may be important in evaluating 
the function of the kidney tliat is to remain after nephrectomy for tumor, 
and in revealing a permanent pool of infected urine. 

G. X-RAY Ex.\.min.ation of the Urinary Tract 

K.n.B. Film. — The x-ray study should, in cverj* instance, include 
first a plain or scout K.U.B. film (K.U.B. — kidney, ureter, bladder). 
Films of the urinarj' tract are best in size 14 by 17 inches, and should 
include the entire kidney and the symphysis pubis. If a scout film should 
be omitted, calcification withm a kidney tumor, or stone complicating 
the involved kidney or the opposite kidney may bo misled, as after 
either the intravenous injection or retrogiade injection of pyclographic 
fluid such calcification may bo concoalc<l by the radiopaque fluid (iodine). 

Excretory or “Intravenous” Pyelography. — Excretory pyelography 
probably fails to provide a surgically diagno.stic film of the kidney cancer 
in 50 per cent or more of all cases. The limited value of this pioccdure, 
as compared with retrograde pyelography, h due to the fact that the 
amount of iodine which reaches the kidney through the blood stream, 
to be excreted into the pelvis, is less than that which reaches the kidney 
when the solution is injected through a ureteral catheter. An x-ray 
diagnosis of early cancer of the kidney, as well as late cancer in many 
instances, requires a sharp outline of the kidney pelvis. This is best 
obtained with the heavier concentration of iodine contained in the pyelo- 
graphic fluid used wdth the retrograde (cystocopie) procedure. 

In obese or muscular people it is usually ncccssarj’ to supplement 
intravenous pyelography with the retrograde type, as the pelvis of the 
kidney shows in outline onlj' as its density exceeds the density of the 
patient’s body. Also it is true that in the intravenous pj’elogram the 
kidney pelvis is not overdistended as it frequently is in retrograde 
pyelograms. Overdistention of the nonnalb’ elastic kidney pelvis may 
bring out the invasion of an inelastic tumor extending into that pelvis. 
Also, in the small kidney pelves of children and in the deeply intrarenal 
“spider-leg” type pelves of adults, through which excretion is rapid, 
systoles and diastoles of contraction occur simultaneously and may 
involve different, long or narrow, minor or major calyces; we then may 
have a poor visualization of calyces, squeezed by these emptying contrac- 
tion systoles. Such areas often strongly suggest the filling defect of tumor. 
However, frequently the areas simulating filling defects will not appear 
in all films, which is a valid reason for a plain film, five minute film, 



fifteen minute, and two thirty nunuto films; of the last, one is taken with 
the patient flat and the second with the patient erect to show kidney 
mobility and another angle view of tbo kidney pelvis: it is taken imme- 
diately after voiding to show a remaining residual bladder urine, as well 
as the low ureter, winch may otherwise be obscured by a full bladder, 
dense with radiopaque fluid. 

A general nilc is imperative in analyzing the intravenous pyelogram, 
particularly for diagnosing early cancer of the kidney No p^elo^ram 
shomns imperfectly filled or poorly visualized calyces sAouW be accepted 
as evidawefor or ayainst the presence of cancer of the kidney. 

In spite of its drawbacks, cxcrctoiy' pyelography may be of great 
service in the diagnosis of cancer of the kidney. In the order of 
their importance I should like to list the possible bonefitsasfollows; 

(a) The obtaining of an e-vcellent pyelogram, in children and suitable 
adult subiocts, when not of the involve*! kidney particularly, then of 
tiie opposite kidney, makes ureteral cnthetonzation unneccssarj'. 

(h) It may corroborate kidney pelvic distortion or filling defect^ 
found by retrograde (cystoscopic) pyclograms 

(c) It aids in dctennmmg a changing (location, shape, and sizc)filiing 
defect, such a'* blood clots or stones Such stones may he faintly radio- 
paque 

(rf) It shoos the renal substance more plainly than a plain or scout 
kldncy-urete^bhldder film This may be, but usually is not, diagnostic 
initscU IIoMcvcr, it IS an interesting point. 

(e) It serv'cs as a teat of kidney function In caocer of the kidney this 
has variable value A small cancer maj’ not alter the ability of the kid- 
ney to cveroto iodine, and a eizcable, though not huge, carcinoma of 
liie kidney may so increase the v.'vsculariiy of the kidney tliat its ability 
to excrete loilinc may increase. It shows function of the opposite kidney, 
\i Inch IS to remain after nephrectomy. TTic film taken five minutes after 
injection of the pj'elographic fluid should show some iodine in its pelvis, 
if It be normal in e-veretorj' function. 

It may be considered clinically that injurj' to a kidney causes it to 
fill! in its function, first, m its ability to c.vcrete dye (phenolsulfone- 
phthalein, or indigo carmine) , secondly, in its ability to excrete electro- 
lytes, urea and the like, in which catt^ory we place iodine, and lasdj', 
in its ability to e.vcretc water A patient may live almost indefinitely, 
proiuded the kidney impairment is not progressive, and yet hai'e no, or 
veiy poor dye excretion. 'Hie ilye excretion test is carried out at cysto- 
scopic examination, obtaining the differential dye excretion 


concentration of the dye are fraught with mixny e^ors rC 

itsolf, but in Uo colleclion of the unne. In , “Ae, 

held up, back of the catheter, and come down tbo side of the 



EAULY DIAGNOSIS OF CANCEU OF KIDNEY 


1489 


into the bladder, or the ureteral catheter may cause a spasm, obstmctiiig 
the ureter, which in a few minutes might interfere with dye excretion 
function of that kidney. For these reasons it is often considered that the 
time of appearance and the concentration of dye from each of the two 
kidneys, as viewed by the examining physician, arc best reported at tlie 
time of examination, in preference to writing down colorimetric figures 
which may be erroneous and ma3' mislead a future obscrv’cr in assessing 
the accuracy of the test 

^^^len both kidnej's fail in their abilitj' to excrete electrolytes, ^\c 
anticipate a rise in the blood nonprotcin nitrogen (uremia). "Wlien fur- 
ther kidney damage renders water excretion imperfect, fluids accumulate 
in body tissues and cavities. 

{/) Certain bifid t^Tie kidney pelves* and ureters may be found by 
the intravenous pyelogram when the retrograde pj'elogram does not 
show filling of one of the bifid portions. This advantage may be important 
in the diagnosis of cancer of the kidney, especially when cither an upper 
or lower major cali’X is not filled This failure to fill in retrograde pj'elog- 
raphy may be due to the calyx joining the ureter within the kidney pelvis. 
It seems in these instances that the pelvis, overdistended by filling, 
closes off the small pelvic opening of certain of these upper or lower 
major calj’ces, usually the upper. Such unfilled calj'ces join the pelvis 
by a long, narrow infundibulum. This means that tlie hilum of the kid- 
ney is abnormally situated, either unusually high or low, in its location 
on the inner surface of the kidney. 

With infants, following the scout or plain film, frequently the best 
intravenous pyelogram is obtained three minutes after the intravenous 
injection. Subsequent films should be made every three to five minutes, 
until the maximum filling and visualization of the kidney pelvis has 
. been accomplished. The bladder then will show an opacity in outline 
and density suggesting that excretion of the intravenous urographic 
medium, in large part at least, has been accomplished. 

In both infants and adults it is well to dehydrate the patient bj’ 
omitting fluids and food for twelve hours before intravenous pyelographj'. 
Also it is well to empty the bowel as completely as possible just before 
the procedure, as gas in the bowel frequently obscures the pelvis. Gas 
creates a negative shadow, which, when overlying the pelvis, causes a 
false filling defect, or it may completely obscure the entire pelvis. 

Pressure on the lower abdomen should not be routinely used, as it maj’ 
compress and thus obscure the low ureter, and it may falsely dilate the 
upper ureter. 'When it is used, the balsa wood ball or the abdominal band 
should be applied after the fifteen minute film, with the patient in 
Trendelenburg position. Many urologist prefer to use the Trendelenburg 
position only when taking the last two (thirty minute) films. Also 
“delayed films” are of value. When the excretion of the iodine is slow in 
intravenous pyelography, it may be helpful to take films one, two, four 
and even twenty-four hours after the scout film and the intravenous 
injection. 

Immediately after the thirty minute flat film is taken an erect thirty 
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minute film is made This erect film not only ml<h one more film for study, 
but because the rehtionsliip of the kidney to tlio bowel, calcified lymph 
gland and any c'Ctrarcnal artifact is changed, it provides additional data 
on filling defects, blood clots, stones, and gas m the bowel Renal tumor 
mass obviQusb' retains an unaltered relative position to the kidney pelvis, 
no matter w hat the posit ion of that kidney may be. 

(g) Intravenous pyelographj’ is accompUshal rather easily from the 
patient’s standpoint 'Wlicn the films arc clear, ^Ycll filled, and normal, 
they relieve the patient of the ncccs'sityfor ret rograile pyelography of one 
of one or both kidneys 

Retrograde Urography — Cystoscoptc Exammation. — Cystoscopic 
examination w ith ureteral catheterization is indicated in all urological 
cases to determine the mcitiiiR cau-«c of n pj'clonephntis, hematuria, or 
kidney pain that »■» not clcarb* evident from a irell filled, sharply outlined 
mtraxenous pyelogram and cy.stoscopic examination of the bladder. 
Since the advent tjf sulfambmHlo and the antibiotics (pcniciliia and 
atreptomycin), this important fact h overlooked at times Unfortunate, 
mdeed, i" the early caneor patient \vUo->e resultant first infection, hemor- 
rhage or pam is coutroUed by those drugs (and cystoscopy delayed) 
through tiic penod w hen nephrectomy wouhl offer a favorable prospect 
of cure Analysis of the s-ymptoms, as outlined under “History,” may 
point to the kidney, particularly if the blood clots m their ureteral 
passage cause pain. However, when this is not the case, and should the 
patient show no bladder residual mne, and the mfcctron or bleeding 
persist, kidney investigation, with ureteral catheterization, should be 
earned out Whenever there is an infected residual urine iutra\*cnous 
pyelography is preferred at first to retrograde pyelography, or a sulfa 
dnig may be given for twenty-four hours, and then retrograde 
pyelography may be carried out without too much danger of incituig a 
kidney infection by passing ureteral catheters through the infected 
bladder urine into a rcn.^l pelvis which is possibly not infected. ^ 

Renal pain may occur as a result of regurgitation of bladder unne 
through an open ureter.al orifice up the ureter to the kidney polvis 
If tlic pain sub>»sdcs after filling (lie blaifder with a 15 per cent solution 
of sodium bromide or sodium lorlide this point will ha\T? been demon- 
straterl Wliencver, upon cystoscopic examination, no pathologic change 
IS found m the bljuldcr other tlian a mild cj'stitis and the ureteral onnees 
are normal, an<l there is no residual unne, it is advi'abJc ^ ‘ * 

ferential methylene bUio stains of tbo kidney urine, differential Kiane) 
phcnolsnlfonophtbalcm tests, and last, retrograde pyclograms. wie 0 
blue stains for the presence of oi^nisms and pus cells in 
and left kidney mine specimens arc more reliable than eu 
ticularly if the bladder urine is mfcctcri - - ^ 

quontly the ends of - 

_.u.jcopie neld-^s a 
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result of slight trauma of the ureteral catheter or the accidental nipture 
of a small surface mucosal vessel. Gross blood, while at times suggestive 
of cancer, is also due in a large percentage of cases to the passage of the 
ureteral catheter, particularly wlien the same amount of bleeding was not 
present just before its passage. On the other hand, it is possible for the 
ureteral catheter to meet \\ith a ureteral tumor or a pelvic tumor which 
would bleed freely. Bloodj' urine spurting from a ureteral orifice at 
cystoscopic examination, and before ureteral catheterization, points 
strongly to early cancer of the kidney. Ulien it is seen at the time of 
retrograde pyelography, and the pyelograms are normal, it calls for 
continued obsor\’ation until the exact source of the blood is determined, 
or until sufficient time (several years) has elapsed to prove the improb- 
abilitj’ of the existence of cancer. 

Inflammatory changes in the p.apilla of a kidney, or congenital, super- 
ficial dilated blood vessels on the papilla or pelvis can bleed without the 
presence of infection, and without tumor being present. These instances 
arc extremely rare, and probably are seen no more than once or twice in 
the lifetime of a busy urologist. 

Retrograde pyelograms in search for early cancer of the kidney must 
be made with a solution that makes a sharp outline, even of the smallest 
minor calyx. For tliis the pelvis must be well filled, slightly distended, 
which in turn suggests a slow filling of the pelvis through the ureteral 
catheter. By maintaining thumb pressure upon the bulb of tlie ureteral 
catheter syringe, and noting tlie degree of this thumb pressure, which 
can be recognized by using the very’ tip of the thumb to direct the amount 
of pressure, thus having n.ailbod sensitivity, wc can recognize the increas- 
ing intrapelvic pressure and therefore not produce marked over disten- 
tion. The overdistended pelvis can cause kidney colic, and also force the 
pyelographic medium into the renal substance and its blood vessels, 
which may obscure the outline of the kidney pelvis. 

Interprciation of Pyelograms in Early or in Late Cancer of the Kidney . — 
Various parts of the kidney pelvis, calyces and ureters are simultaneous 
in emptying or filling phases. These phases are spoken of as systole and 
diastole, as mentioned under “Intravenous Pyelograms,” but it is well to 
recognize that manual or thumb pressure overfilling through ureteral 
catheters stops these phases entirely. The pelvis is overdistended and at 
rest while overdistended. Occasionally in retrograde pyelography a small 
bolus of air is injected; it is usually easily recognizable as it changes 
position, and in addition its spherical shape is too perfect to be mistaken 
for pathologic change. 

It is not necessary to withhold the intake of fluids before retrograde 
pyelography, but it is advisable to give at least one high enema to expel 
gas just before the picture is taken. AMicn visualization of the low ureter 
is desired, it is sometimes wise to pass a rectal tube while the patient’ is 
on the cystoscopic table, and relieve the lower bowel of a lai^e bubblc'of 
gas, and to have him void before the last thirty minute (erect) film. 

Retrograde pyelograms, similarly to intravenous pyelograms, arc best 
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taken on 14 by 17 inch x-ray films. Hie scout film is always taken first. 
Following the scout film, one filling of the pelves is carried out with the 
patient m a fiat position It is well to leave the ureteral catheters in until 
this pyclogram has been developed and fcnon-n to be satisfactory. Then 
the kidney pelves arc again injected and the patient raised into an erect 
position. Injection of the pjreli^roplHC fluid is then continued os the 
catheters arc withdrawn, thus obtaining ureterograms as ncll as pyelo- 
grams. 

The large, clear cell carcinoma (hypernephroma) frequently is round, 
ami so occasionally is difficult to differentiate from a malignant C 3 ’st or 
large benign solitary ej’st. The former is encapsulated until quite late in 
Its development. Tlicrc is, however, a distinct difference m its pyclo- 
prapliic appearance in the large majority of cases owing to the fact that 
the solitarj- cyst presses onl 3 % while the capsule of the clear-celled tumor 
(hypcrnepliroma) fixes tlio pelvis or calyx, therefore widening, as '\el3 
as elongating, the mvoK'od calyx, thus shading the line of the filling 
defect llic solitary cyst, on the other hand, frequently produces a fine 
►liarp line m its filling <lcfcct. In early or late carcinoma of the kidney no 
BOO displacement, obhkration, elongation of pelvis and calyces, in addition 
to invasion, with marked distortion Occasionally calcification within 
the tumor is found of the hdney pelves in any manner is rela- 

tively easy of tnferpre/afion in the large, or late cancer of the kidney, tf ts 
in the early malignant eonditwn, ushered in by occult blood in Oie urine 
found at a routine examination, by the first gross hematuria, or by the first 
ettdence of a unnary infection, that tre have to repeat our pyelognms 
Hence, the two pyclograms by the retrograde and the four by the intra- 
venous methods may be required to establish the diagnosis of any ear^v 
filling defect, or a pathological deviation in the outline of the caljw, or 
the displacement of a minor cali'x. Wien this point has been established, 
then a 8 umm.ar 3 ' of our complete method of diagnosis, accumulating the 
positive findings, will determine whether immediate surgical intervention 
or further observation is indicated 

Wien hematuria persists, blood clots can be confusing, particular!}' in 
the interpretation of filling defects. It is true that blood clots change their 
shape, size and location in repeat pyclograms, ho-v\ever, when tliey are 
numerous these changes cannot be accurately evaluated, as is possible 
in tlie case of a single clot. Ifere the intravenous pyelogram ts of prtai 
value, for even thougli repeat pictures ore not entirely clear in all in- 
stances, they will point out the constant Tilling defect. 

Figure 544 brings out such an abnormality. The constant abnoOTajO 
in this case is the short, straight line, a compressed calj'x marked i'' 
arrow, about which there is a confusion of 
clots partly filling the 

with a cortical sohtao’ 
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Nephrectomy was performed five days after the initial hemorrhage. No ma^ 
was palpable. Pain was present duo to the passage of blood elots down the 
ureter. It is interesting to note in this case that the soiitarj- cyst, prob- 
ably 4 inches in diameter, was not diagnosed at the time of pyelography ; 
it was attached to the cortcK, and had not invaded or displaced any 



blood clot in center. C, Photomicrograph shows large clear cells with architecture 
o! adenocarcinoma. 

portion of the renal pelvis. The prognosis here is improved b}' obtaining 
the one persistent pyelographic distortion of the pelvis in the face of 
continuous bleeding, and so enabling us to operate without delay, rather 
than waiting for the hemorrhage to cease. This is a fine example of the 
value of combining the bvo methods of x-ray diagnosis. 

Aortography.— This procedure*- ’ promises to be an advance in x-ray 
diagnosis of renal disease. As yet its value is not established ; its use 
requires not only a surgeon but an anesthetist, in addition to the roent- 
genologist. A danger accompanies the procedure. It is doubtful that it has 
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present value in routinely diagnosing tumors of the kidney. It is also 
doubtful tliat its diagnostic value will equal its dangers except in certain 
instances. It may bo that its use wdl bo of value in diagnosing early 
cancer of the kidney, and ruling out aneurysm of the renal artery, tvhicb 
could be confused m ilh a tumor of the renal lulum, or in difficult case? it 
may supplement intravenous or retrograde pyelography. 

The procedure is carried out with tlic patient supine and as a rule 
anesthetized with pentolhal sodium. A 15 cm. needle is passed into the 
aorta, through a skm puncture at a point 3| to 4 inches anterior to the 
spinous process immorliately below the twelfth rib Occasionally this 
point 13 eatabhslicd one xertebra lower, 'fwclvc and one-haU cubic 
cculimctcre of SO per cent sorlmm iodide ate injected into the aorta, to 
flow on tlirough the rcnnl blood vessels, abnormalities of wliich are inter- 
preted in x-Riy films which show the iodine in circulation. The latest 
literature sliould l>c reviewed before attempting aortography. At first 
practice should cither be earrieil out with an an-atomical specimen, or the 
surgeon should be as^sistod by one trained in the procedure. 

Perirenal Air Insufflation.* — This procedure has its greatest value 
in outlining a retroperitoneal mass in the kidney region which cannot be 
demonstrated by other x-ray procctlurw. Kidney tumow may extend 
outward from their cortical origin and not invade t)io renal pelvis until 
late m their development. 

Pcnrcnal air msuffiation is of particular value wlien “masculinity” 
changes suggest a tumor of the adrcruil cortex; or loTicrtcnswe changes 
euggost a tumor arwmg from the meduHarj’ portion of the adrenal gland. 
Tlio principle is to create, by injecting air or oxygen into the pcnrenal 
space, such a marketl difTcrence m density tliat an irregularity in the 
normal contour of tlie kidney shatloiv. or a mass in the upper renal region, 
will show even though the nilrenal tumor be small. D.xnger3 w'hich arc 
entailed m the procedure arc sufficient to preclude its general use at the 
present time A sudden drop in systolic blood pre?sure, evidently 
from the cluinge in the retropcnloneal pressure, may rc«ult m death- 
Such a deplorable outcome, liowcx'er. ' ‘ preventable 

by ha\ mg the paticni oxygen 

roadv«-‘ ..Tlie needle 

is itu .. »v teaches this area respiratory 

move - v,,ju ol the necdlo are noted. Aspimtion is theft 

carnts. out to be sure that the point of the needle is not 
substance or m a blood vessel. &linc solution nc.xt is injcctra to furt e 
help locate the point of the needle in the perirenal space and to separa 
it from the kidney capsule. Follmving this GOO toOOO cc. of 
arc injected. Again, the beginner ^ould be assisted by one e.xper!en 
in tlie procedure, and after obtaining the most recent mfonna ion 
current medical literature. 


CLASSIFICAtlON OF KIDNEV WMORS* " 
Benign Tumors.— In diagnosing cancels of the 
sidcr all large or Email benign tumors of the kidney , as well as 
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located near the kidney region which could be cither cxtraronal entirely, 
or superficially or typically connected with the kidney. In this category' 
are adrenal tumors, retroperitoneal sarcoma, solitary’ cyst of the kidney', 
multiple cysts of the kidney, liver, spleen or pancreas, enlarged spleen, 
subcapsul.ar hemorrhagic masMS of the kidney, hydronephrotic kidneys, 
renal lipoma, gallbladder dl^oasos, and rarely' ovarian tumors. 



r*,,. mR /A T \ Ti— — • 'r, . 

tumc 

Stoni 

invol 

' ■ )roua tissue, fat, infection. 

with a history of intermit- 
, ^ pteoperaUvely could be 

confused with carcinoma Stone by plain x-ray without follow-up pyelograms 
would be insufficient for diagnosis. Intravenous pyelograms showed normal left 
kidney, with no function on the right. This, followed by retrograde pyelograms, 
points to the necessity for nephrectomy. 

Small benign tumors, such as adrenal rests (exceedingly' rare) or 
adenomatous (benign adenoma) or fibrous and round whitish masses, 
usually seen through the kidney capsule, though at times spread through- 
out the parenchyma, arc most frequently found in adults at autopsy ; 
much less frequently are they found in children. 

Among the larger benign tumors, and those requiring surgical interven- 
tion for differentiation, are lipomas, which may be replacement masses of 
fat usually involving the hilum of the kidney (Fig. 545) . They are replace- 
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ment in that destroyed kidney tissue is replaced by fat ; sarcoma may be 
associated. Also, at times, the fattj- capsule of the kidney is markedly 
increased ; again one must make sure that such a tumor is not Jipo- 
sarcoraa. Small subcapsular discreet fatty masses are true lipoma— they 
usually are multiple 

Malignant Tumors . — Agt Incidence . — ^As tumors of all classifications 
may occur at any age, ive cannot preoperatively nJ/ou' statistics to 
influence our surgical judgment Probably 76 per cent of U'ilms' tumora 
occur before the fifth or sixtliycar of life; hon-ever, tlie}’ also occur during 
senility Cancer of the renal parenchjTna is most frequent in the fifth 
and sixth decades of hic; honever, they also occur to childhood. 

Tujtons or Pe-Vaz, PAnE.vciinu . — tumor contains cancer 
cells of mcsothchal and epithelial origin, and thus is an adenomyosar- 
coma. It is highly malignant. It is often found in infants and children at 
routine esamiziaUon, and usoalb', particularly in lalants, by bimanual 
palpation of the kidney region. For early diagnosis this t^qie of palpation 
should he earned out by all pediatricians at cverj’ routine examination 
Frequently there is no associated hematuna or pain. Diagnosis is oc- 
compllshed by intmfonous pyc/ographj‘, primarily to demonstrate a 
normal opposite kidney, and then usually by one kidney retrograde 
pyelography to visualire the peh'is of the mcoh'od side The tumor at 
fint is eneapsiilatod, and therefore the pyclogram at such time shows 
' ' * ' I ’ -'(he calyces than invasion, ft is a 

• ' • / mitwl epithelial and mesothelial 

origin ) much more frequen tly wo have arising from renal parenchjToa the 
adenocarcinoma of epithelial origin, which may be dividcsi into c^r and 
) granular cell cancers. Frequently the two types of cells arc found in the 
same cancer. The chief point of interest is that the hypernephroma is a 
clear ceil tumor, and when distinguishable ns a pathological entity it is 


tumor 

cells o! ■ . 

by way of the blood stream The renal xrein and ^rena cava may be openeo 
at surgery for remo^’al of such an adi-ancmg plug of tumor A tj’pic.aJ 
tumor of this type is less malignant than the sclerotic granular cell himor 
ivhieh .spreads in all manners — blood, Ijunphatic sj-atem and diiwt 
e.xtcnsion — and often shows dense tongues of fibrous ti&sue advancing 
between masses of cancer ceils, arranged m any architecture or formation 
The adenocarcinoma varies in microscopic architecture: adenomatous 
(glandular-hke structure), alveolar (with open spaces), papilla^ and 
mixed, .4 papilla^’ adenocarcinoma, a tenn used to desenbe a hyper- 
nephroma,” is obviously of mixed architecture. An adenocarcinoma in 
microscopic section may be tjTiically clear cell (hypemephroma) m one 
area, with other areas of granular cell and of mixed architecture 
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gross hypernephroma fcocins to be an entity as described, but doubt on 
this point certainly exists. (Figs. 547 and 548.) 

Tumors of the kidney of connective tissue origin (renal parenchjTna or 
its pelvis) are sarcoma and liposarcoma. These tumors are infrequent — 
rarely a benign smooth muscle tumor, leiomyosarcoma, is report!^. 

Tuiions OF THE Renal Pelvis. — Cancers of the kidney pelvis (caly- 
ces, pelvis and ureter) are chiefly of epithelial origin. They may be 




Fig. 54G (D. M.). — Wilms’ tumor io a 19 month old male Mass in right flank 
found by pediatrician on routine examination, at which time no illness was sus- 
pected. A, Tumor removed; large, soft, gray mass, fairly well encapsulated. 
B, Intravenous pyelogram shows a hary left normal pelvis, right pelvis markedly 
distorted Retrograde pyelograms not carried out, being considered unnecessary 
with the mass present. C, D, Photomicrographs of mixed tumor arising from meso- 
thelial and epithelial tissue. Renal tubules suggested (C), and markedly undif- 
ferentiated tumor (D). 


beniffn papilloma, or the exceedingly malignant squamous cell carcinoma 
of the kidney pelvis, or the alveolar carcinoma. The warty benign papil- 
loma becomes malignant or not — ^but if or when it does, its base or 
separate fronds may show different degrees of malignancy. During the 
stage of its growth as a malignant papilloma, early and complete removal 
by surgery is hopeful. Later as an alveolar carcinoma it offers in almost 
hopeless prognosis, as it spreads rapidly by vascular and lymphatic 
systems, but chiefly by direct extension. 

The firm or indurated squamous cell carcinoma of the kidney pelvis, 
often showing characteristic pearls and comified areas, is still more 
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begins, in this manner a flap of the abdominal wall attached along the 
anterior margin of the thorax can be turned back The resultant exposure 
IS excellent 



I . . A.r8Q3ttionat cell (papillary) careinoTna of renal pelws. 

The lanl point in this case of papdlary carcinoma of the renal pelvis is the 
fact that ihc patient for throe nwnlbs had hcen ^ren the disgoesia and observed 
for benig-n prostatic hypertrophy before being referred for urological diagnosis. 
The reason for this was that tJsc patient alone saw the hematuria, and could not 
decide whether the blood was passed at the beginning (initial) or at the Snish 
(terminal) of urination A two-glass lest would have cleared up this point, and so 
gained bim a three months earlier diagnosis A , Pjelogram by retrograde roe tboo 
shows distortion, fhcation and invasion of the nghl side, with left kidney norroai 
ff, Papillary earcinoma of the renal pelvis and ureter is seen in the speeirMB re- 
moved by nophro-urelcrectomy through an extended loin incision C, Transitional 
cell cancer of the renal pelvis, grade II 

An oblique loin or kidney incision is made with the patient on hfs 
jn "kidney position” — a kidney rest elevating and rendering taut the 
side or loin to be operated upon, and with the arm and of that 
extended to make further tension at the site of incision. If this incision 
is found inadequate the patient miO' he rolled back 30 to 40 degrees from 
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the lateral position, and the second incision then carried upward along 
the border of the abdominal rectus muscle as neces^rj’ to give full free 
vascular renal pedicle exposure — so that it may be tied before manipula- 
tion of the kidney. 

Nepbrouretercctomy may be performed as a single or two stage pro- 
cedure. In cither instance, after the ureter-bladder junction has been 



36 upper ureter was con- 
ureterectomy was done 

four days later, removing the ureter down to and including the ureteral orifice in 
the bladder. Of course, deep x-ray therapy followed. B, Specimen removed at ne- 
phrectomy. C, Transitional cell carcinoma of the renal pelvis, grade I. 

identified, pulling lightly upon the ureter will in effect pull outwatdly 
the amount of bladder that should be removed iivith the lower ureter. 

If the kidney tumor unfortunately is lai^e when the patient first 
presents himself for suigery it should be removed and postoperatively 
the patient should be given z-r«y high i>oJlag€ therapy. Ibis course is 
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prc/erablc to delaying nephrectomy or neplirourctereclomy for tlie 
purpose of shrinkage and possibly rower auigeiy’ 

GRADES OF MAUGKANCY 

Grading of all kidney lomois is of value after their removal, as it 
accumulates evidence for 113 upon which to chusify cancer as to prognosis 
and estimate the benefits of postopcrativ'c irrsdlation. Broder’s indev 
or classification** is based on the evidence that the well difTcrentiated 
cancer cell is less malignant than the le&s diffcrcntiatetl cancer cel! His 
grading is from grarlc f to f\’, the figures directly giving index to an 
increasingly lai^e percentage of malignant (ic^s well differentiated) 
cancer cells. The grade does not make possible an immciltate or specifi- 
cally indii'idual prognosis m cancer of tfie kidney— all grades are cancer 

Dr Lauren Ackerman, Associate IVofe&sor of Surgical I’athologj', 
Washington Vmvcrsity School of Mo<bcme, has kjndly furnished the 
folioning statements regimlmg the grading of cancers of the kidney: 

Csrcmonias of the renal pelvis and ureter are ununll) of the transitioDd cell 
type These tumors, like the turoora of the bbddcr, can be grsdeH, sod in s large 
group this grading ml) be of value from the prognoitic standpoint. 2 n ^ large 
senesa high proportion hill be ncUdifferrntiatod 

Orsde I would consist of tumors mth ncll dcrincd ntborescent branching 
with eonneefivB tissue stalks supporting the tumors, and with uniform, closely 
adherent cells usually u iihout mitotic figures and with an even paUern. 

In Grade If, the fibrous strands would tend to include targe groups of cells 
Mitotic figures would be more obundant but the pattern would still be tiell de* 
S fined 

la Grade HI the tumor would begin to break up, lose its cohesive qualities, 
and the cytoplasm would decrease in amount Tlie nuclei would become mow 
prominent and the cbromalin denser Mitotic figures would be even more abun- 
dant 

FiBslIy, If! Grade IV. the tumor would tic completely nnspl.Mt to and inclivioual 
cells would be growing in small neats, but their transitional cell origin could be 
recognized by the fact that th«r nuclei wouW lie very dense and homogenous. The 
cytoplasm in individual cells would be small in amount 

The grading of this group of tumors will bo of most value when the proper 
treatment has been employ «5 Tiie entire ureter including its jntramarsl portion 
has to bo removed with the main tumor, otherwise the percentage of local recur- 
rence will be greatly increased and thereby the prognosis will be altered for the 
worst (Kimball**). 

Carctn/ma 0} th$ parenth^ma 0/ the luinfy often presents a hewlldsnng micro* 
Bcopic pattern, varying from one area to another Grading 0/ these tumors «i 
&e of very Wife, if any, value la progtioiia Jt ie much rnore Important lopay P^r* 
ticular attention to the invasion of the renal vems at the hilutn and invasion 0 
veins through the capsule of the kidnej* *1110 presence or absence of vein invasion 
wilJboftprimaryfaclonnprognoBi*(McDonald'*) , 

Finally, in a group of carcinomas of tho kidney, the larger the tueno , 
higher the porcentage of metastases (Boll”) Naturally, there are cKcep 
this rule, small tumors mGastwing no wore than a couple of centimeters 
mctastlte widely, and largo tumors of long duration nisi* rem.sin locabie . 
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SUMMARY 

Cancer of the kidney must be diagnosed early in its growth, wliile it is a 
localized disease, if wc are to expect favorable results with and after 
nephrectomy. A method, an analytical diagnostic procedure, is presented 
which will enable us to make an early diagnosis of cancer of the kidney. 
It is to be followed, stop by step, to the point of establishing the origin 
of urinary infection, hematuria or jiain, ivhon any of these siTuptoms are 
Jirst noted by the patient or physician. Recent advances in the diagnosis 
of cancer of the kidney are discussed. 
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ADVANCES IN MANAGEMENT OP PROSTATIC DISEASE 
Cornelius Vt. Versieulen, M.D.* 

In general, surv’cys of results following prostatic operations have 
shown a gratifying fall in mortality rates in the last few decades. A 
recent study of mortality following all prostatic operations for benign 
hj'pertrophy performed in Bollcr'uc Hospital during the years from 
1920 to 1946 shows a fall from approximately 40 per cent in the early 
years to 4.G per cent in 1946. This decrease in mortality rate is in large 
part a reflection of improvements in surgery generally, with increased 
understanding of the physiologj' of the aged, more adequate treatment 
of shock, chemotherapy, and other factors. Specific urologic advances 
have also contributed to the improved picture. Some of the more recent 
changes and improvements in this field will be reviewed in this paper. 

ANATOMIC AND PHYSIOLOGIC CONSIDERATIONS 

“Lobes’* of the Prostate. — Any discussion of prostatism necessarily 
involves mention of the “lobes’* of the prostate. We speak of lateral, 
median, anterior and posterior lobes, yet from the standpoint of normal 
human anatomy, both gross and microscopic, there seems to be little 
justification for dividing the prostate into lobes at all. Nevertheless, the 
behavior of the human prostate in disease justifies some sort of division. 
It is recognized that the condition of benign prostatic hyperplasia arises 
in the prostatic tissue situated nearest to and surrounding the urethra 
in the anterior portion of the prostate. Hyperplastic nodules appear in 
this location and grow to large lobular masses. In growth they displace 
and compress the more peripheral prostatic tissue which thus forms a 
sort of capsule about them. The compressed prostatic tissue about the 
adenomatous lobes is the “sui^ical capsule” within which the operation 
of prostatectomy — more correctly enucleation of nodules — is ordinarily 
done for benign prostatic obstruction. Carcinoma of the prostate, on the 
other hand, is kno^m to arise characteristically in the posterior areas of 
the prostate nearer the rectum and relatively distant from the urethra. 

In the normal prostate of man, Huggins* has now described an interest- 
ing differentiation between the anterior periurethral and the posterior 
prostate. He has indicated, by experiment, that the response of these two 
portions of the prostate to estrogens differs even in the normal gland. 
After estrogen administration a fairly clear-cut division between the 
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anterior three-founiis and the posterior one-fourth of the prostate can 
he demonst rated hist ofogjcady. 31iw and other obsen'ations lead Huggins 
to postulate that the human prostate, in common with that of many other 
fipocics, is not a homogeneous organ but is in fact a double gland consist- 
ing o/ a larger anterior and a smaJJer pcaterior prostate. 

Phosphatase. — Despite an awakened interest in the pfiysioJogj- of the 
prostate gland in recent j-ears, understanding of its functions is verj* 
jmperfeet. At the present time theonb* known function in humans is that 
of contributing an cnsynie to the semen tiiat results in its liquefaction. 
Other enzymes also are knowrr to occur in normal prostatic fluid. One 
of these — a phosphataM?— has as.sumed importance in recent j'ears in 
connection ivith carcinoma arising in the prostate, Tlie nornial prostat/c 
epithelium elabonites thia cn^tnc and contributes it to the prostatic 
fluid in enormous quantities. 'lite prostatic phospluitase is of a peculiar 
variety. Tlic phosphatase produced in other parts of the body fiinctioas 
as a catalyst to split organic- phospliates in a medium that must be 
alkaline, whereas prrwtatir phosphatase work.*! In an acid medium and 
tlius coHcrl “aeu! phosphatase It has been found tliat not only does 
normal prostatic cpiihchum produce this substance, but often carcinoma 
cells dcnvcfl from prostatic epithelium contmuc to elaborate acid phos- 
phatase, even when they ha%c metastaMzeil In this cn.se, the elaborated 


prostate 

PREOPERATIVE MANAGEMENT OF TOINARY RETENTION 

Since the puiposc of this report i» to highlight newer concepts, it is not 
intended to review completely the long-accepteil principles of the care of 
prostatic obstruction 

Decompression of the Bladder.— -The old dictum that a di.stenelctl 
bladder must bo decompressed gradually over an extended penod of time 
has been generally abandoned, TIic basis upon which this idea rests has 
been show n to be false. Sudden decompression is no more likely to lead 
to hemonhage or uremia than gradual decompression. These complica* 
tions are due to infection and not to mechanical factors. In both animals 
and man, observations over inapy years have shown th-at if there is any 
difference between sudden ami gradual bladder decompression it is m 
favor of rapid emptying.* 

Minimum Instrumentatioa. — ^Empliasis now is being placed upon 
minimum preoperative instrumentation and manipulation in the case o 


tion Anally is performed the patnmt approacnes it whjj a . 

diagnosis but completely infected as well. The routine preoperati 
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intravenous urogram is becoming increasingly popular, not only for dis* 
covering the frequent presence of hydronephrosis, or vesical calculi, but 
also to gain information regarding the type and amount of prostatic 
hj'pcrtroplij'. The cystoscopc, however, is not easily discarded. Diagnosis 
and determination of the best method of treatment are often inadequate 
without it. The plan of D. K. Rose and others* in the preoperative man^ 
agement of urinary’ retention seems particularly logical. No catheteriza- 
tion or instrumentation of any kind is done until immediately before 
suigciy. The patient is cj’stoscopod m the operating room, the best t^TJO 
of operation decided upon, and sun;crj' performed forthwith. 

An extreme example of minimum preoperative instrumentation is the 
procedure of Wilson Hey in England. On the theory that “postoperative 
uremia is due to infection and is encouraged by any method of slow 
decompression, open drainage, or instmmentation,” Hoy performs what 
he calls “aseptic prostatectomy.” Diagnosis is made without the use of 
preoperativc urethral instrumentation of any kind. Suprapubic enuclea- 
tion of the adenoma is followed by retrograde introduction of a catheter 
into the urethra from the bladder end downward so as to minimize infect- 
ing the bladder and prostatic be<l from the contaminated distal urethra. 
Others in England* seem to bo impre.«sed by Key’s idea and enthusiasti- 
cally follow his method in treating patients with acute urinaiy retention 
by such emoi^cncy operation. It would seem that the practice Hey 
condemns, preoperative infection by instmmentation, is offset by too 
much uncertainty in diagnosis. 

SOME RECENT CONTRIBUTIONS TO THE TECHNIC OF OPERATIONS 
UPON THE PROSTATE 

Transurethral Resection, — It is now conceded that, to avoid persistent 
postoperative infection or recurrence of obstruction, a transurethral 
resection should remove all adenomatous tissue. To remove a small core 
of periurethral tissue xs no longer considered adequate. The expert 
strives to resect all tissue down to the prostatic capsule itself. It must be 
admitted that many operators fail to accomplish this end. The unsatis- 
factorj’ results ensuing have made some urologists abandon resection in 
favor of open surgery for all but the small obstructing prostates. Recent 
analyses show, however, that transurethral resection is still the most 
popular method of operation for prostatic disease.^ 

Postreseciion Hemolysis . — More complete and thorough resections of 
the prostate have resulted in a new difficulty. Intravascular hemolysis 
has been shown to accompany a large proportion of transurethral resec- 
tions. Experiments by Creevy* suggest that this hitherto unsuspected 
complication results from irrigating fluid entering the general circulation. 
The irrigant enters the blood by way of veins opened during the resec- 
tion, especially when the prostatic capsule is approached where large 
venous sinuses exist. Since the irrigating medium under which a resection 
is done must not be an electrical conductor, sterile distilled or tap water 
commonly has been used. If enough of such a hypotonic fluid enters the 
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blood, hcmob'sis of red colls incx'itaWi' follon-a. Cree\y has deraoBstrated 

that considerable* amnnnt*! nt irntmnt mrtv I" f"''* j- *>-- LI — I 

Using 6 per 
he has show 

directly after operation. With isotonic glucose, hemolysis of course does 
not occur, ^^'hen water is used, the amount of hemolysis found has been 
quite vanablo. In a recent report from tlic Mayo Clinic,* 0 percent of 
resected patients sliowed postoperative plasma hemoglobin levels of more 
than 500 mg. per 100 cc , while 70 per cent were found with levels beloH’ 
100 mg. per 100 cc. 

Pe^'elopmcnt of intravascular hemolysis in resection is of more than 
academic interest. Tlie fatal effects of massive hemolysis are w'cll illus- 

{ ■ ■ 

quently postresection hcmolj'sis lias been offered as an explanation of the 
cases of postrcscclion uremia occasionally seen There are certain objec- 
tions to this c.xp!anation Blood levels of plasma hemoglobin have as yet 
not been reported approaching those required evperimcntally to produce 
renal impainncnt In clinical patients nhero hemolysis has been ac- 
companied by uremia, other factors liavc regularly been present which 
explain the uremia as well or better than homolysb. 

NcvcrthclOiS hemolysis docs occur. Undesirable reactions therefrom 
arc to be c.\pcctod--if not uremia, at least gastrointestinal symptoms. 
To prevent hemolysis, isotonic solutions of noncJectroly tes arc now being 
used as irnganta in transurethral resections. Crec\y uses 4 or 5 per cent 
glucose solution. Technical dinicultics with glucose have prompted Xesbit 
to use an isotonic solution of glycine. 

Suprapubic Prostatectoray.-^urrent urologic literature demonstrates 
that the one-time discredited suprapubic proslateetomy is still a respect- 
able operation possessed of distinct advantages. Of all pro.static opera- 
tions it remains the simplest and much the easiest to master. If for no 
other reason, its popularity will doubtless continue. 

One-stoge Operation . — Suprapubic prostatectomy is now commonly 
done as a one-stage procedure. Suprapubic cystostomy preliminao’ to 
actual removal of the prostate is no longer considered neee.'way in most 
cases. The result has boon a shortening of the period of hospitalization 
and an easier enucleation of the prostate without increase in 

. it 

‘fc 

spontaneously through the urethra as soon as possible. , „ 

Ilmosialics . — After the introduction of Oxj*ccl gauze and Geiioam, 
urologists were quick to seize upon Uieso substances to minimize 
mediate postoperative bleeding. Hiey have been used J 

in suprapubic prostatectomy. No compUcatton arises from pacKuig 
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prostatic capsule with such material after enucleation. Proper application 
results in excellent hemostasis. 

Perineal Prostatectomy. — Judging from available statistics, prostatec* 
tomy by the perineal route is not popular. The peculiar disadvantages — 
loss of sexual potency, rectal injurj’ with fistula and postoperative urinarj' 
incontinence — have prevented common acceptance. On the other hand, 
in one respect the perineal approach is without parallel. Up to the 
present time this route offers the only way to remove a carcinoma by 
radical prostatectomy. 

Semiradical Proslalcdomy for Cnrcinowio Prevention . — Perineal pros- 
tatectomy as commonly done for benign conditions results in enuclea- 
tion of the adenomatous lobes leaving the compressed prostatic tissue 
behind, just as in other methods of prostatectomy. It is precisely the 
tissue loft behind in which carcinoma so frequently arises. By enlarging 
the usual perineal operation somewhat it is possible to do a “subtotal 
prostatectomy” and remove this surgical capsule as well as the hyper- 
plastic nodules. Thus small unsuspected carcinomas already present 
would be removed and future occurrence of cancer prevented. Consider- 
ing tlic e.\trcme frequency of carcinoma of the prostate, the advantage of 
such a semiradical prostatectomy for benign hypertropliy cannot bo 
dismissed lightly. Such an operation has been advocated by Marshall.'® 

Retropubic Prostatectomy. — Terrence Millin’* of London has added a 
fourth operative approach to the prostate — a suprapubic, cxtravesical, 
retropubic prostatectomy. The essential difference between this operation 
and the old suprapubic prostatectomy lies in the point at which the 
urinarj' system is entered to attack tlie adenomatous gland, \\nicreas in 
the conventional suprapubic operation the urinarj' system is entered 
above the obstruction by incision of the bladder, in ^Iillin’s retropubic 
prostatectomy entrance is accomplished directly at the location of the 
obstruction by incising the anterior prostatic capsule. This allows greater 
visibility at the site of operation and better control of hemorrhage, as 
well as other operative refinements. Though Millm’s first operation was 
done in 1945, already thousands have been performed in Europe and 
America.**' ’*• **• ** 

Retropubic prostatectomj' is done through an incision just above the 
pubis Dissection is carried donm in the space of Retzius, between the 
bladder and under surface of the pubis. Hero the prostate is exposed on 
its anterior aspect. Unfortunately a large plexus of veins is located 
directly over the prostate in this location. Some of these vessels must be 
divided to reach the prostatic capsule and considerable care is necessary' 
to prevent occasional alarming hemorrhage. With the anterior capsule of 
the prostate exposed a transverse incision is made through both the true 
capsule and the surgical capsule beneath it. The cleavage line between 
adenoma and surgical capsule is easily identified and the hyperplastic 
tissue can be enucleated without difficulty. It is now possible to inspect 
the prostatic cavity. Bleeding vessels W'ithin it can be ligated or fulgu- 
rated. The vesical neck is exposed and a wedge-shaped segment of the 
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po^fer/or ^tp e\ci«cd to prevent postoperative retention or fetricturc. 
Since this is all done through an incision in the prostatic capsule, the 
bladder remains undisturbed. Vesical calculi, if present, can usually be 
c.xtractocl n-ithout dilFiculty through the vesical neck. To complete the 
operation an urethral catheter w inserted and tlic incision in the pro<;tatic 
capsule closed nit/j a contmuoiia catgut suture. The abdominal iv.all is 
repaired about a small drain leading to the space of Ketzius. Jn three to 
eight days the urethral catheter is removed. 

Suprapubic drainage of urine owlinarily docs not occur at any time 
postoperative urethral incontinence »s not seen beCvauso the uretbrai 
s-phincter is below the field of operation and not injurcil For the same 
rea-'-on, the scvuaf function after operation is pood. .Vlmost evcrj'one who 
has reported any cnn.‘'idor3ble niimlicr of cases operated upon by iilillin’s 
technic has been pleased with the logic of the operation, the smooth post- 
operative course and the late functional result llonever, this operation 
cannot be considered an easy one, opcnittvc blccxlmg may be trouble- 
some and exposure sometimes difTiciiU 

Tlio pos.sibilifics of this approach for radical prostatectomy in eases of 
carcinoma of the prostate are being explored U appears that by this 
approach removal of the prostate t'ith its true capsule, the seminal 
vesicles and, if noces-sao', the vcaical neck is fe.asible Anastomosis of the 
bladder to the distal urethra is then accomplislied (o restore the con- 
tinuity of the urmaty tract. Several reports of small senes of such openi- 
tions have appeared Indeed Souttor" in England gives a modified 
technic for complete removal of the prostate by the retropubic route 
wliich he uses routinely even m the absence of cancer. 

CARCINOMA OF THE PROSTATE 


Unfortunately early diagnosis in carcinoma of the prostate remains 
unciUiimon because sj'mptoms arc usually late in appearing. If seen early, 
however, a definite diagnosis of cancer often cannot be made by rectal 
palpation of the prostate Although cancer ordinarily appears in th.at 
portion of the prostate near the rectum, it may first appear elsewhere in 
regions not acecMible to palpation. In ca«C3 where a suspicious lesion 
has bcc.i felt but iJiagnosis remained in doubt, biopsy lias ortlinanly been 
done through a perineal incision. Simpler but less exact methods of biopsy 
have been advocated, using a needle or special trocar to remove a core 
of suspected tissue for histologic study. The newest and simplest pro- 
cedure to obtain cytologic confirmation in doubtful eases is the es^- 
ination of either urine or prostatie fluid for carcinoma cells by tne 
Papanicolaou technic.” Herbert and Ltibin,” using smears of prostatie 
fluid obtained by message, have shown how accurate this test can e. 
When the smears gave positive results, carcinom.a was shown rc^ ar i 
to be present. An occasional negative result in the presence of „ 

was ascribed to scanty secretions ol poor quality. Pcibapsby 
scale V 1 “C ot such methods the pcrcc-nlaBc of cady 
radical, operation is still possible, caa be increased from the pnaeof 
miserable 5 per cent. 
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As i'llready mentioned, in cases of cancer of the prostate wiiere tlic 
disease 1ms not spread beyond the capsule, radical proslatcclomy is indl* 
eated*® In this operation the prostate, prostatic capsule and somiiml 
vesicles arc removed. In the small number of patients suitable for this 
operation, cure of the disease can be ovpected in approximately half of 
the patients. 

Endocrine Therapy. — Without <loubt one of the most stimulating 
advances of recent years in the ihcrapj' of prostatic disease has been the 
discover^’ that prostatic carcinoma can be suppressed temporarily hy 
castration or estrogens It has long been known that the normal prostate 
will fail to develop if depnvctl of male sex hormone. It was shown by 
Huggins’*- ^ that carcinoma cells derived from prostatic epithelium 
similarli' can be suppros.'^ed l)y deprivation of androgen 
OrcJiicclomy . — In ca^^es of carcinoma of the prostate with metastasis 
dramatic relief of pain often appears within twenty-four hours following 
castration because of shrinking of the carcinoma cells and suppresion of 
growth. Serial biopsies of accessible mctastascs have shown that castra- 
tion produces extremely interesting rcgrc.ssivc changes in the tumor. 
Similar effects have hcen noted m the primarj* tumor in the prostate 
itself. Occasionally bone mctastascs undergo profound changes that can 
be detected on the x-ray, with initial increase in sclerosis and gradual 
fading out of the lesion. 

As mentioned previously, prostatic epithelium normally produces acid 
phosphatase. Often carcinomatous tissue, even metastatic, continues to 
produce this substance which can be detected in the blood. Following 
castration the production of acid phosphatase falls off sharply as the 
metastasis becomes inhibited. Serial phosphatase determinations there- 
fore give objective evidence of the effect of castration upon the tumor 
besides serving as an aid in making the diagnosis initiallj'. 

In diagnosis of carcinoma, the level of acid phosphatase m the blood 
has distinct limitations. When it is elevated the diagnosis of prostatic 
cancer is almost certain. On the other hand, a normal level does not 
exclude carcinoma. In the absence of metastases normal levels are found. 
In many instances, even with extensive metastases, the blood acid phos- 
phatase may not be increased. Perhaps such carcinomas have become 
more anaplastic and lost the adult function of producing this enzyme. 
Changes also occur in the alkaline phosphatase of the blood in metastatic 
cancer of the prostate. These changes arc not specific for prostatic carci- 
noma but are duo to the response on the part of the bone to the metas- 
tases within It with the marked osteoph^tic reaction so commonly seen. 

Following castration a favorable response is indicated by a fall in the 
acid phosphatase because of decreased activity of the carcinoma cells. 
At the same time the alkaline phosphatase often rises higher than 
previously. These changes in the blood phosphatase generally parallel 
the clinical response of the patient with decrease or complete elimination 
of metastatic pain 

^slrogm Administration — Shortly after the discovery* that orchiec- 
tomy resulted in suppression of prostatic carcinoma, it was found that 
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luJmnusiralion of estiogens wjUitmt castration protiuccd a similar efTect 
At tlie present time cliethylstilbestrol therapy lias Jai^Iy replaced 
castration m the clinical case. Do«age has %'aried widely and is dependent 
upon clinical response and toleration of the drug. Good responses may be 
obtamo<’l with doses of a few milligrams a day, ndiile in other cases enor- 
mous doses have been administered 

Initially’ It »as hoped (bat endoerme suppression of carcinoma might 
be permanent It ivas soon found that the initial gratifying relief from 
pain, the phosphatase response, et cetera, were only temporary. After 
a period of a feiv months to years, despite continuous treatment, sjnnp- 
toms return and the carcinoma runs its course uninhibited by continued 
estrogenic treatment Xonelbcless, sufficient ei'idcnce is available to 
show that endocrine therapy docs significantly prolong the survival 
period in patients with metastatic carcinoma of the prostate. On the 
other hand, it must be mentioned that m a considerable proportion of 
cases orchiectomy or estrogen therapy produces little or no effect, even 
initially 

Verj' recent reports have appeared suggesting that estrogenic treat- 
ment is not without some danger. Carcinoma developing in the male 
hreast foiiou'ing iong-contrnued strlbostnoJ therapy has boon reported. 
The incidence of this complication must be verj’ low considering the 
many thousands of patients that have been treated with cHrogens for 
prostntie carcinoma 
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ACUTE ARTERIAL INJURIES 


Michael E. DeBakey, M.D., F.A.C.S.* .o;d William 
H. Amspacheh, M.D.f 

Acute injuries of major arteries have long constituted an important 
and serious problem because they literally threaten both life and limb 
and because no completely satisfactory* solution to the problem has been 
evolved. Ideally, the objective of therapy is the control of hemorrhage 
and the prcsen’ation or restitution of vascular function. Essentially 
this means the restoration of blood flow directly through the original 
channel. Although under certain circumstances the viability of the part 
may be maintained by the secondary* or collateral circulation onli*, the 
ultimate functional result in such instances is often far from satisfactory* 
with manifestations of varying degrees of chronic circulatory* deficiency*. 
In order to achieve both viability* and ultimate normal functional activity 
it is essential in most instances of injuries to major arteries to restore the 
continuity of circulation through the original channels. As emphasized 
previously, however, the attainment of this desideratum is often 
restricted by certain factors that either jeopardize the effects of ideal 
therapy or preclude its institution. Depending upon the circumstances 
involved those include sucli considerations as time-lag, practical techni- 
cal difficulties, associated injuries, site and typo of arterial lesion, and the 
possible occurrence of infection. 

It has long been recognized that the time elapsing between wounding 
and institution of therapy is a highly important and influential factor 
in determining the fate of the limb no matter what form of therapy is 
employ'ed. This is well exemplified by the experience with arterial wounds 
of the extremities among American battle casualties in World War II 
which showed that witli increasing time-lag there was an almost straight 
line progression in the incidence of amputation.*® Although there is some 
variation in the survival time of different tissues (for example, skin has a 
longer survival time than muscle) to acute ischemia, there is obviously* 
a limit to this period of ischemia beyond which viability can no longer 
be maintained or restored. Accurate determinations of the limits of this 
period in humans have been difficult to establish because of the variables 
involved, but clinical experience has indicated a general rather arbitrarily 
set limit of six to eight hours. In well controlled experiments, to which 
reference is made later, Miller and Welch found that the sur\*ival rate in 
dog’s legs following restoration of circulation was 90 per cent for periods 
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of ischemia ranging up to houts, 50 per cent from tweive to eighteen 
})ours and 20 per cent for pertods of tnenty-fonr hours or over. There 
occurred, however, a variable de^w of of the hmb with con- 

tracture and atrophy in those animala mUosc legs survived follo’aing 
periods of ischemia beyond tueht? houra 

A'ssocmlod injuries, whether they are local or icmote, may also be 
significant Depending upon their 0x1001 such injuries locally may fur- 
ther imjiair or even comj)lelrly destroy the reg«>n.aJ or collateral circula- 
tion, and remotely they may require priority of attention as a life-saving 
mutter, thus ncce.ssittiimg postponement of ideal vascular surgerj’, 

Still other factors wiiicli play n significant role in nlTccting both therapj’ 
and end result are the site and type* of arteniii injuty. It is nel! known, 
for o\amplc, that an injuiy of the popliteal arterj- is more sertous than a 
similar uijurj* of the brachial, or that an mjni>' located above the pro- 
funda branch in both the femoral ftnd bracliial nrtcncs has more serious 
consoquenci.'s than one locaicti licfow this branch For this reason certain 
vcs'«eU have been consulerwl us entind and others ns noncntical Ob- 
vioudy. restorative i)Uq!;[ca! therripy has gn-nter Rigmficancc m the 
fonner than i;i (he latter Variations m the Ij'pc of mclud/ng 

laceratiun w itb considerable* lo^s of SfulMaiicc. pariiai or complete sever- 
luiee, coiituMon and tiimtnbo-«s, compression anti ncute spa'-m, can also 
influence both (hempy nod (he ultimate rcMilt And of eoiirsc singica) 
repair is atlcndeil w ith le>.s ddficully nnd greater success m a small 
clcanh' tncised woumi thtm m a laccmtetl wound with much loss of 
Mjbstanre 

It i-s thus nppiuent that the nature uini circumstances of the arterial 
injur>’ may hu\e a vitally significant lieanng upon both the type of 
tiicrapy tliat may be cmpfoynl aiifl (be ultimate fa(c of the hmb. The}* 
serve to illustrate some of the contlitions which alTect the ultimate result 
rcgartncs.s of therapy nnd some of the difficulties encountered in the 
solution to this problem Wide they must be recognised as factors which 
often restrict the application of ideal thonipy or jeopardirc its cRects they 
need not nlway's be accejited as ineluctable. So long ns there is a reason- 
at)lc chance of survival of Uie part, cveiy effort should be made to apply 
itieal therapy tlesignetl to restore blood flow through the original chanoc 
As will be indicated later, recent luvestigatiofts and developments pro- 
vide much encouragement for the more frequent and sucees-sful applica- 
tion of this form of therajjy. 


SURGICAL MAMAG&MEHT 

In early or immediate treatment of arterial i njuries certain w ell 
Ushwl principles e8.«tential to sucew-sfui management must be observed. 
Tliese principles have been ful^- discard previously’^- 
quire no further elaboration here. It suffices to say that first ^ 
lion must be given to the control of hemorrhage and then to nie p P 
resuscitation of the patient. In this connection, because of its 
both in the treatment of the vascular injury as well as m the prop 
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resuscitation of the patient, it is desirable to emphasize the extent of 
blood loss which is often considerable.*® Owing to the reduction in circu- 
lating blood volume, there is reduction in the amount of blood flow 
through the peripheral vessels. As a consequence the circulation of the 
part distal to the vascular injury may be even further impaired. Prompt 
restoration of the circulating blood volume and hemoglobin concentra- 
tion is therefore particularly important under these circumstances. 

Ligation. — iVs obscr\*cd above, under certain conditions ligation may 
be the indicated procedure cither bocau-^c of stern necessity or because 
the injury’ involves one of the smaller noncritical vessels. In such in- 
stances it should not be done by ligation in continuity but by placing 
nonabsorbable ligatures well above and below the site of injury’, with 
excision of the intervening damaged segment in order to eliminate the 
dangers of secondarj’ hemorrhage, thrombosis, and vasoconstrictor in - 
fiuenccs. Ligation at a level to avoid the creation of a blind panch may 
be theoretically desirable-®' *“• ** but the deliberate effort to do so 
may require extensive dissection which might further jeopardize the 
circulation of the part. If the concomitant vein is also injured, it should 
be similarly ligated, but if not, it should not be disturbed. 

The deliberate ligation of the concomitant vein for the purpose of 
improving the circulation of the part has been the subject of much 
controversial discussion since Makins proposed it in World War I. 
This matter was thoroughly reviewed recently by DcBakcy and Simoone 
who concluded that on the basis of conflicting e.xperimontal obseiTations 
as well as on the basis of both Makins’ figures for World War I and the 
^ynerican figures for World War II, the procedure “furnishes no protec- 
tion whatsoever against the development of gangrene after acute arterial 
occlusion and ligation in battle casualties.” More recently Simeone and 
his co-workers” have shown experimentally that vein ligation, if any- 
thing, further impairs the circulation of the part. 

Repair. — ^As emphasized above, the ideal objective of therapy in 
arterial injury is the restoration of the flow of blood through the orig- 
inal channel. This desideratum has long been realized and the long history 
of arterial reconstruction and repair reflects the determined efforts 
that have been made toward its attainment Excellent historical 
resumes of these contributions may be found in a number of publica- 
tions.'*' *5. 3«. 83 Fundamentally, the principles underlying most of 
these methods of vascular repair are essentially similar, except pos- 
sibly for certain refinements in suture material or in prosthetic devices. 
Depending upon the nature of the injury they consist of direct suture 
repair, end-to-end anastomosis by suture or prosthetic devices, and 
the bridging of defects by vascular grafts or prosthetic tubes. No 
effort will be made here to discuss the advantages and disadvantages 
of these various methods since this has been repeatedly done else- 
where. Because accumulated experience and recent developments point 
toward suture repair and vascular grafts as the methods of choice, 
primary consideration will be given them here. 

In arterial injuries in which there is little or no loss of substance, 
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stich as small longitudinal or oblique wounds or incomplete transec- 
tions, especially of the larger arteries, direct suture repair is usually 
in<hcate<l and may be performed with relative facility. Unfortunately, 
however, this typo of lesion is only occasionally obser\'cd. More com- 
monly the injiirj' is of such nature that there ig a vaiying amount of 
los-s of substance uhich often cither precludes approximation or per- 
mits it only s\j 11 j eo much tenrion against the suture line that the 
chances of succcs.sful repair are considerably jeopaulizcd. For this 
reason some moans of bridging the defect must often be employed 
Pnnapks oj Suture Uepatr — ^I'hc essential principles of suture 
repair are now well «tabhshc<l , they include (1 ) provisional licmostasis, 
(2) the use of fine needles and silk, (3) ftccuratc approximation of 
the intuna, (4 ) gentle handling of tissues and maintaining their moisture, 
and (5) scrupulous avoulancc and control of infection Provisional 
hemostasis may be obtained, after exposure and isolation of the in- 
jured vessel, by the use of small rubber-shod spring artcrj' clamps 
or soft rubber tubes placed snugly around the I’cssel above and below 
the site of the wound. Careful removal of all tmumatizwl tissue and 
blood clots with evcision of ragged ovcrlianging adventitia to provide 
clean smooth vounil edges Is cssentb!. The periodic irrigation of the 
structures with a 1:1000 solution of heparin m physiologic saline to 
prevent drj’ing of the tissues and to facilitate the gentle cleansing of 
tho wound and lumen of the ve<»gcl is aUo important Tlic arterial 
suture should consist of fine silk (5-0 or 0-0) directly attaclied to a 
fine curv'cd needle and is available commercially in scaled tubes con- 


taining liquid petrolatum. 

Various suture technics have been used to approximate the wound 
edges. They may be classified into two broad categories (1) plain 
through-and-through sutures approximating the opposed etlgca while 
they are held in an cvcrtwl position by traction sutures, and (2) tho 
mattress suture placed so an to fix the intima m an c\-crtcd position 
Both of these methods may be modified to the c.xtent of making them 
either interrupted or continuous. An effort to determine the compara- 
tive merits of these various methods was recently made by Shumacker 
and Lowenberg using controlled animal experiments. Tliesc investi- 
gators found that the rnattress suture provides somewhat superior 
results to the plain suture ivith little or no difference between their 
employment ns mtcmiptod or continuous sutures. It would appear, 
therefore, both on the basis of these studies and chnical cvperionee 
that the mattress stuture, because it provides accurate mtima-to-mlima 
approximation and fixation of the opposed ends of tho vessel, is a roltafa e 
and satisfactorj' method. Its use as a continuous or interrupted ^ture 
is porliaps best determineU by tbe facility of application under diltwcn 
circumstances. The sutures should bo placed fairly close together, a 
1 mm. apart. Slight leakage may be obser\-ed following completion w 
the repair and removal of the hemostatic clamp. This is usualb' re^“3 
controlled by maintaining gentle pressure with moist gauze over 



ACUTE ARTERIAL ISJXmiES 


1517 


suture line for a few minutes. Occasionally’ this proves inefTcctivc and 
additional reinforcing sutures may be required. 

These principles of the suture method of repair ns applied to end- 
to-end anastomosis arc essentially similar to those developed approxi- 
mately a half a century' ago by’ a number of investigators.*- ^ 
The cut ends of the vessel are brought in apposition and three stay 
sutures arc introduced through all laj'crs of the vessel at equidistant 
points of the circumference nn<l arc tied, care being taken to evert the 
edges and to provide intimal apposition. Gentle traction upon these 
stay sutures converts the contour of the arterial ends into straight 
triangular surfaces which facilitates the performance of the suture 
anastomosis. Each side of the triangle is sutured consecutively, care 
being taken to provide accurate apposition of the intiraa and eversion of 
the edges. If a continuous suture is employed the running suture is tied 
to the guy stitch as each segment of the angle is completed. 

Faseufar Grafts . — In order to permit restoration of vascular function 
in cases in wliich the injury' is associated with such e.xtcnsiv'e loss of 
substance as to preclude direct anastomosis some means of bridging 
the gap is necessary’. A number of methods have been described for 
this purpose including vascular grafts and prosthetic tubes using suture 
and nonsuture technics with both intra- and extra-vasal aids or sup- 
porting appliances.*- “ In light of recent experience it would 

appear that vascular graft by suture anastomosis as described above 
is the most reliable method. Autografts or homografts of either veins 
or arteries have been described and used for this purpose. 

In humans arterial autograft may be considered impractical c.xcept 
in unusual circumstances for it has the obvious disadvantage of en- 
dangering the circulation of the “donor” area. For this reason i-enoi« 
autografts have been usually employed. In using vein grafts it is desir- 
able to employ' a segment without valves, or, if valves are present, to 
place the vein between the ends of the artery with the valves facing 
distally. In order to avoid either tension or kinking, the vein segment 
should be of the exact length required to bridge the gap. Another 
technical consideration is that every branch, even the smallest, of the 
vein segment must bo carefully ligated in order to prevent hemorrhage 
after the vein is subjected to arterial pressure. 

Despite some success in the use of venous grafts, they have not 
proved entirely’ satisfactory either in their technical application or 
their functional performance owing in large measure to the inherent 
difference in the structure of arteries and veins.*- For this reason 

and because of the obvious disadvantages of using autogenous artery’ 
^afts, efforts have been made to employ arterial homografts Recent 
investigations directed along these lines by Gross and his co-workers” 
and by Miller and Welch have produced highly encouraging results. 
Using aortic segments removed from donor dogs and stored in flasks 
containing an electrolyte solution, 1 per cent glucose, 10 per cent dog 
serum, and penicillin and streptomycin (50 units per cc.), and main- 
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the problem of "reflex spasm” in tlie larpc arteries. In experiments upon 
cats and rabbits these investigators made direct observations upon the 
femoral artery and picthysmogiaphic measurements of the paw follort- 
ing various forms of stimulation. It was found that local segmental 
spasm jn the large arteries could be reailily produced by mechanical 
trauma, irrespective of an intact ner\'c supply. Their studies failed to 
reveal evidence of nen-ous motor control of the large artencs at least 
in the cat and rabbit. 

If it were shown that similar anatomic and physiologic conditions 
exist in man, then, on the ba-sis of these observations syrapathetie 
block would be of no value in the treatment of this form of localized 
tnuimatic arterial spasm. Clinical experience, lioivcvcr, has shown that 
in some in-stances a rather dramatic response follows this form of therapy 
m traumatic vasospasm *• ** For this reason and because the procedure 
is relatively simple to perform and carries little or no risk, its con- 
tinued advocacy seems justifiable. Moreover, tlie«c experimental ob- 
scr\-ations do not mean that sympathetic block or symipathectomy is 
of no value in improving the peripheral circulation of the extremity 
following acute vascular injuries TIic rationale of the procedure under 
these circumstances is the production of maximum vasodilatation by 
joterniption of vasoconstrictor impulses transmitted over sympathetic 
pathways to the peripheral vascular bod These vasoconstrictor in« 
fluences may or may not bo excessive but their removal increases the 
volume of the pcriplieral vascular bed and thus augments the circulat- 
ing blood to the part " This has been found, both on the basis of experi- 
mental and clinical studies, to bo one of the most cfTective methods of 
producing maximum incrca.se m the blood fupply of the diseased part 
and is, therefore, a valuable adjunct both in the early treatment of 
acute arterial injuries and in combating the later eflccts of ische- 
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OPEN REDUCTION AND INTERNAL FIXATION FOR FRACTURES 
OF THE TIBIA AND ANKLE 


Harrisos L. McLvuguuk, M.D., C.M., F.A.C.S.,* and Charles 
T. Ryder, Jr., M.D.f 

The maia goal of fracture treiitmcHt is to return the patient to his 
usual activities as soon and as nc;irly normal ns po'^sible. The basic 
principles of fracture treatment were succinctly epitomized by the late 
Clay Ray Murray in an aphorism: “ HypolheticaUij, the ideal treatment 
for any fracture would he to wish the fragments into place, hold them there 
by moral suasion, and send the patient altout his business while the fracture 
heals." Comprehension of the implications of this hypothesis is mnnda* 
torj* for good fracture treatment. Translated into practical terms, “to 
wish the fragments into place” means reduction with a minimum of 
additional tissue damage; “to hold them there by moral suasion” 
means maintenance of reduction with minimum limitation of normal 
function of the injured extremity; “to send the patient about his busi- 
ness while the fracture heals” means a method of treatment which 
least interferes with the usual activities of the patient. These estab- 
lished principles have remained unchanged for many years. The methods 
by which they may bo applied arc numerous and ever changing The 
best method remains that which most nearly approaches the hypo- 
thetical ideal. 

Open reduction and internal fixation is based upon these principles. 
The nearest approach to wishing the fragments into place is a tech- 
nically adequate operative exposure, followed by gentle reduction under 
direct vision. The nearest approach to holding by moral suasion is 
rigid internal fixation. The maximum continuance of patient function 
is possible when he is encumbered to a minimum, or not at all, by 
external immobilization. Though operative treatment may approach 
the ideal, other less exacting and safer methods are available for man- 
agement of most fractures. Only occasionally is operation the only 
means by which reduction can be obtained and maintained adequately. 
The specialized surgical judgment and ability needed, the surgical 
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facilities neccssarj'. and tha constant nsswciatccl hazards place stringent 
limitations upon the use of this method for the average fracture. 

Safe and satisfactory operative treatment of fractures requires: 

MINIMUM PREREQUISITES 

Of the surgeon: 

1. Judgment to select with certainty the cases requiring operation. 

2. Adaptability, so that he may fit his plan of action to unevpected 
mechanical prohfems 

3. Technical ability and a mechanical bent. It is a fact that except 
for the surgical tcchnic required, an3' good carpenter would do a better 
job of internal fi-xation than most surgeons 

And of the surgical ennronmml: 

1. A complete armamentarium of specialized tools for holding and 
stabilizing fracture fragments. 

2. Adequate surgical and nursing assistance at operation 

3- Inviolate operating room aseptic tcchnic, from the operating 
surgeon to the junior nurse who may have the task of sterilizing the 
laundrj’ and sponges 

4. Adequate facilities for the postoperative lio'^pital care of the pv 
tient. 

5. Assurance of continuous supervision of the case throughout con- 
valescence by the operating surgeon. 

Surgical ability on the part of the operator is but one of the factorb 
csscntiai to success. Unless oft the prctcquisitcs are satisfied, open 
reduction and internal fixation cannot be justified except by urgent and 
absolute neces.sity. 


TIMING OF OPERATION 


The best time for open reduction and internal fixation is as soon as 
possible. The diflicultics of reduction increase and the efficiency of 
fixation decreases progressively in direct proportion to the duration of 
the fracture Except for those due to faulty tcchnic, almost all com- 
plications and poor results occur in cases operated upon late or after 


other methods have failed repeatedly. 

Common and Often Untenable Excuses for Pelay.—l. Delaj' to let 
tlie swelling subside. Some delay may be warranted for treatment of 
established gii'eUing around a fracture of more than thirty-suc hours 
duration During the first twenty-four hours such a delay usually re- 
sults in an increase rather than a decrease in awellmg. 

2 Delay to treat shock. Severe shock, especially wim multip ® * ■ 
iuTics, varrants some delay for supportive therapy. 
henefits usually arc realised within a few liours When * . 

product of the fracture alone supportive therapy may logical J 
mmibtcTcd in concert with treatment of the fracture , • 

3, Delay for multiple skin preparations. The skm and under j S 
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sues are in the best condition for operation at the moment of injurj’. 
Their condition deteriorates and the risk of infection increases pro- 
gressivelj' ^Yith the duration of the patholog>*. It is safer to operate 
through once-prepared licalthy skin than through a thrice-prepared, 
tense and edematous area. 

4. Delay for repeated attempts with consciA'ativc therapy. Each 
failure to secure reduction by a nonoperative method makes subse- 
quent attempts less likely to succeed. Each additional attempt adds to 
the existing tissue damage and mitigates against a good result regard- 
less of the method eventually utilized. It is fallacious and harmful to 
turn to open reduction as a last resort after mnning the gamut of con- 
ser\'ative therapy unsuccessfully. If nonoperative measures are pre- 
destined to failure this can and should be determined at once, cither by 
recognition of some innate characteristic of the lesion which requires 
surgerj*, or by the failure of one adequate trial of a closed method. 
Operation should then be carried out forthwith. 

INDICATIONS FOR OPERATION 

Absolute Necessity.— This indication exists only when reduction can- 
not be obtained or maintained by nonoperalivo measures. 

In fractures of the shaft of (he tibia operative reduction and fixation is 
required with : 

1. Gross interposition of soft tissue between the fragments (always). 

2. Transfixion of calf fascia by a bone spike (usually). 

3. Multiple fractures at different levels (occasionally). 

In anfdc /rocturcs operative reduction and fixation is required with: 

1. A displaced posterior lip fragment involving one-third or more of 
the tibial weight-bearing surface (frequently). Small unreduced poste- 
rior lip fragments leave the ankle function.illy unimpaired and may be 
Ignored so long as the talus is accurately reduced. 

2. Large displaced anterior Hp fracture (always). 

3. Impacted fracture of tlic lateral lip of the tibia, with displacement 
of 2 mm. or more (usually). 

4. Fixed posterior dislocation of one fragment of a lateral malleolus 
fracture (always) 

Relative Necessity. — This indication exists when nonoperative meth- 
ods offer prospects of an uncertain end result and prolonged disability 
which may be avoided by operative therapy, and also when certain 
associated soft part injuries require operative intervention. 

In fractures of the shaft of the tibia operative fixation may become a 
matter of relative necessity in the presence of : 

1. A large intermediate bone fn^ent. Unless such a fragment is 
reduced and held in close approximation to each main fragment the risk 
of nonunion is great 

2. Damaged posterior tibial artery or tibial nerve. The operative 
management of nerve or vessel pathology is aided by preliminaiy reduc- 
tion and fixation of contiguous fractures. 
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3 Multiple injuries in the pamc extremity. Over-all manaRcmcnt of 
the injuitxl limb maj be faciliintod by internal fiv.ation of the fractured 
tibia. 

In fractures of the anhle operation may become a matter of relative 
necessity m the p^e^oncc of; 

1. A tear of the inferior tibiofibiihir llpimcnt, ivith diastasis of the 
ankle mortice 

2 Malleolar f^^ctllrc^ u ith lateral nml mwlial sijbluvation of the talus. 

3. Combinations of 1 and 2 

4. Complete rupture of the delloid ligament. 

Open Fractures. — When debridement and cleansing of tlie fracture 
area is done eoineident rcxluetion under direct vi-.ion is indicated. In- 
ternal fixation ^hould bo npplie<l if maintenance of retluction cannot be 
accomplished f!ati->'facfonly by c.xfemal immobilization In general (his 
occurs m tibial sliaft fractures charaotcrized by a long intermediate 
fragment, and in ankle fractures with largo displaced Hp fragments or 
diasjtasis of tlic rnorttsc. Internal fix.ation may be most juhantageous 
wlien there is a surface <lcfect which requires coverage by subsequent 
plastic procwlures. 

As a Method of Choice.— Xo fracture should be treated by open re- 
duction and jnt<‘miil h.vation ivficn other methods are available unless 
nil the circumi'tmiees are idetd and &ome real advantage can bo assured 
by use of the op<Tati\e mothoil. lliis ».ti|ni]atioii means that U) all 
mtmmum rotjuirenient'<, as previously oullincil, must bo (satisfied fully; 
(2) the fracture must bo amenable (o fixation rigid enough to make 
unnoccAsaiy or mininuzo posiopcratiXT cxtcnial immobilization; (3) 

^ the patient mu«t be intelligent and cooperative; (4) operative treat- 
‘.ment must promise a faster and better n'siilt than aio* other form of 
'treatment 


OPERATIVE TECHNIC 

Preparation of the Skin. — nic main objective of skin preparation is 
to obtain maximum surgical cleanliness xvith minimum additional tis- 
sue vlamage 

Preparation of a fnicliircd tibia requires three persons One appues 
etf'oUv tnietinn to the forefoot The second applies countcrtraction to 


skin with the otiicr. The cleansed are.i slioulti cxicim Jioui «i 
to above the knee. 

Tw - - 1-. 

knee 

with one hand ana cleanses nun me ***.- ' — 


1 p.» it the 


leg should bo prepared 

Scnlbbing sliould bo gently done mill soft mntcnal. S'ron. 
ties are Icta effective than soap and water. Hie edicicacy of f 
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varies witli its dumtion, tlie number of strokes and the number of 
rinses. Tlic following technic has proved dependable: 

1. Anaesthesia is estaldished prior to removal of splints. 

2. Manual traction and eounlertraction ate applied immediately upon 
removal of splints. 

3. The area to be cleansed is shaved. 

4. A ten minute scrub (longer if necessarj') with green soap and 
water is done, using sterile soft sea sponges, frequent gentle strokes and 
frequent rinses. 

5. A two minute scrub with alcohol is done to remove residual soap 
and water from the skin. 

G. A two minute scrub with ether removes alcohol and anj' residual 
grca.sy substance, leaving the skin drj’. 

The soap and water scrub is done by hand. "Ether and alcohol are ap- 
plied on sterile surgical sponges hold by sterile long-handled forceps. 
During this part of the preparation the supporting hand at the fracture 
site should be covered by a sterile towel. 

The extremity must be draped to allow free mobility and adequate 
exposure witliout risk of contamination. Two pains of gloves should be 
worn by surgeons and nurses until the incision has been made and com- 
pletely excluded from the sunounding skin. Tlie outer gloves, along 
with the instruments used for the skin incision, are then discarded. 

Skin Incisions. — Adequate exposure for fracture treatment requires 
a generous skin incision. A small incision usually proves to be false 
economy. 

A good general utility incision for exposure of the tibial sh.aft (Fig. 
551, A) extends from the region of the tubercle almost to the ankle 
with a gentle curve, conve.x latcnd, avoiding the tibial crest except at 
cither end. This approach has several advantages: 

1. It provides an intact skin flap to cover the fracture site. 

2. It lies over well vascularized soft tissue. 

3. It provides access to both medial and lateral tibial surfaces. 

4. Exposure of bone necessitates retraction in only one direction — 
medialwards. 

5. The cosmetic resvilt is good. 

The posterior and medial surfaces of the tibia can be c.\posed simul- 
taneously through a similar incision just behind the posteromedial angle 
of the bone. Incision should not be made over the subcutaneous surface 
of the tibia if it can be avoided. 

Three general incisions have proved useful for e.\-posure of the ankle: 
The medial incision (Fig. 552, A) begins just back of the postero- 
medial border of the tibia in the lower third of the leg, passes do\%'n- 
\Nard behind the malleolus, then curves forward. The bone is exposed 
subperiosteally and the posterior tendons and neurovascular bundle are 
retracted backwards. 

The lateral incision (Fig. 553, A) begins over the fibular shaft in the 
lower third, cun’es gently forward to run just in front of the anterior 
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Fig. 551 —Exposure and fixalion ol tib'ial eiaf l Irsclure. A , Line ol skip ia«* 
Sion By Periosteum stripped from booc but left sttacbed to overlying soft twsues. 
C, 1*0080 intermediate fragment reduced, clamped and screwed to one of ib^wo 
mam fragments (whichever is easier) D, Free portion of plate to be clamped to 
other main fragment for freehand ftxation 



screwed to parent bone, 
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edge of the bone, then curves backwards again below the tip of the 
malleolus. The peroneal tendons may be retracted backwards and^ the 
toe extensor tendons forwards to expose the tibiofibular syndesmosis or 
lateral tibial lip from in front. 

The anterior incision is placed longitudinally over the ankle joint. 
The bone is approached medial or lateral to the anterior tibial tendon, 
depending upon the location of the lesion. 

The Periosteum. — The periosteum usually is found to be stripped 
from both bone and soft tissue in the region of the fracture. Some addi- 
tional periosteal elevation may be required for adequate exposure of the 
fracture. This may be done with impunity as long ns the stripping is of 
periosteum from the bone (Fig. 551, B) rather than from the soft tissue 
through ^Yhich it obtains its blood supply. Any periosteum separated 
from overlying soft parts is best cxcis<^ and discarded since it will be- 
come a devitalized barrier to revascularization of the bone. 

It is not necessary to repair lacerated or incised periosteum. Approxi- 
mation of overlying attached soft tissues with a few interrupted sutures 
replaces the periosteum as effectively as an attempt to sew this deli- 
cate membrane. 

The Reduction. — No recent fracture of the tibial shaft presents difh- 
culty in reduction except when complicated by inadequate exposure or 
technic or actual loss of bone. The distal fragment is controlled by an 
assistant who exerts traction upon the foot while the surgeon gently 
replaces the fracture fragments in apposition. 'When a loose fragment is 
present some difficulty may bo encountered if an attempt is made to 
reduce all the fragments simultaneously. The loose piece should be re- 
duced and fastened to one main fragment (Fig. 551, C). This maneuver, 
by reducing the number of fragments to two, makes completion of the 
reduction a matter of relative ease. Associated fractures of the fibular 
shaft may be ignored. WTien the tibia is accurately reduced and fi.xed 
associated fibular fractures reduce spontaneously. 

Fresh fractures of the malleoli arc readily reduced if an assistant 
manipulates the foot to bring the talus into normal position while the 
surgeon replaces the malleolar fragment. 

Disruption of the ankle mortise is corrected by reducing the talus, 
then pressing the fibula into its normal relationship with the tibia. 

Accurate reduction of a lai^e posterior lip fragment may present some 
difficulty. A generous exposure of the posterior and medial surfaces of 
the lower tibia is desirable. The fractured medial malleolus, which is al- 
most alwa 3 ’s present with a lip fracture large enough to require operative 
replacement, is retracted distally (Fig. 552, B). The talus is reduced 
and the operator then gently fits the lip fragment in place. Reduction 
of the malleolus fracture follows fixation of the lip fragment. 

Reduction of a fixed posterior dislocation of a fibular fragment is made 
difficult by the interosseous membrane, w’hich may lock the fibula in its 
abnormal position. Liberal exposure is required. Reduction is accom- 
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(3) to be placed so that its center corresponds with the center of 
the fracture line. 

(^) to contain at least six crew holes 
The plate screws — 

(1) to be centered exactly in each plate hole. 

(2) to be inserted at an angle of exactly 90 degrees to the plate 
surface 

(3) to be seated firmly in both cortices of the bone 

(4) to have a shank, iliametcr identical to that of the drill holes 
Txco /'fane Fixation. One or more screws at right angles to the plane 

of the plate ecrewB should he inserted to transfix both fragments (Figs 
553, B and 5oj, vl) Only by a second plane of fixation can adequate 
protection against rotational stress Ik? provided 
Omission of one or more of the preceding requirements is the usual 
cause for a mcclianical failure of iniomal fixation Among the other 
common cau.scs an* : 


1 An unsteady hand while dnllmg, which produces an oversized coni- 
cal drill hole, or a broken drill bit 

2. Wobbly or overencrgetic insertion of a scrc'v, which roams the 
threads from the drill hole 

3. Failure to clamp tlie plate to the bone or one hone fragment to 
another continuously tliroiighout the procedure of dnlhng the holes 
and inserting tiie screws, which leads to lo.ss of correct relationship 
of plate to bone or fragment to fragment 

4 Attempts to remove accidentally broken -off deep-seated portions 
of a drill or screw, which often result m further bone damage. 
Unless easily extricated they are best left in situ 

Internal fixation for fmcturi'S of the tibia usually is applied by one of 
ttto general technics: 

Clamped Ilcduciton Technic — Hie plate is placed m the desired posi- 
tion on the bone surface with the fracturc reduced Except when u^ed 
to stabilize an open fracture, the plate should be on the lateral or poste- 
rior surface of the bone AIuUiplc bone clamps are tlion applied to hold 
the plate firmly to the bone and also to hold the bone fragments in 
anatomical po.sition All plate screws are inserted prior to removal of the 
clamps. 1/ one damp js in the way of a hole, onotlicr is applied 
to take Its place licforc it is rcmox’cd. With tlie bone fragments clamped 
firmly together the transfi.xion screw is then inserted 

Freehand Technic. — Occasionalb' it is difficult to hold the fragments 
reduced by clamps- Wieri this occurs the position for the plate is de er- 
mined It is clamped ami screwed to one mam fragment 
then obtained and the free portion of the plate (Fig- ^^pnf 

maintain the reduced position by clamping it to the other mam iragm 


while the remaining screws arc inserted ^ ^<>r(‘wed 

A loose or mlcrmcdiale Ijone fragment is reduced, clamped ana 
to one of the main fragments CFig. 551. O 1?" JSSon 

the two residual fragments is then completed. Additional t 



FRACTURES OF TIBIA ANB ANKLE 


1533 


screws from the intermediate to the second main fragment should be 
inserted. 

Internal ^a/ton of fractures at the anUe joint requires attention to the 
same principles of technic which pertain to shaft fractures. Most ankle 
injuries in which operation is indicated involve several lesions. In gen- 
eral, if one component of an ankle fracture is to be treated by operative 
reduction and fixation, all should be treated in this manner. 

The Medial Jfallcolus. — An assistant maintains reduction by engag- 
ing a bone hook into the malleolus fragment (Fig. 552, C). One or two 
screws are placed to run obliquely from the tip of the malleolus across 
the fracture line into the tibial metaphysis. 

The Lateral Malleolus. — Reduction is maintained by a bone clamp. 
Tb'O methods of fixation are available: (1) a long intramedullary screw 
is passed upwards from the tip of the malleolus across the fracture line 
and well into the fibular shaft (Fig. 553, C) or (2) a plate is screwed to 
the lateral surface of the bone. The first method is simple and adequate 
except when there is considerable comminution at the fracture line. 

The Posterior Lip. — ^Thc lip fragment is held in position by a bone 
hook or clamp. Fixation is obtained by one or two screws which engage 
the cortex of the fragment and of the parent tibia (Fig. 552). It is often 
easier to place these screws from before backward than vice versa. 

Ruptured Inferior Tibiofibular Ligament. — Two plates or washers and 
a long bolt (Fig. 554) provide secure approximation of the disrupted 
syndesmosis through the bolt. A hole is drilled transversely through the 
fibula, tibiofibular joint and tibia. Tenting of the skin over the drill 
point medially serves as a guide for placement of the medial incision. 
Plates and bolt are then applied and reduction secured by tightening 
the bolt. Either plate may at tirhes be utilized for fixation of associated 
malleolar fractures. 

The Anterior Lip of Tibia. — Screws engaging the cortex of the frag- 
ment and of the parent tibia arc used. 

Impacted Lateral Lip Fracture. — A small block of bone cut from the 
adjacent tibia may be inserted into the defect at the fracture line which 
results when the distal fragment is reduced downward. 

Fixed Posterior Dislocation of Fibular Fragment. — ^The inferior tibio- 
fibular ligament is inspected and, if tom, bolt fixation should be applied 
and the malleolar fracture stabilized as illustrated in Figure 554. 

POSTOPERATIVE MANAGEMENT 

Supplemental external immobilization of the extremity should be ap- 
plied in the presence of insecure or nonrigid internal fixation as deter- 
mined at the close of operation. 

Protection hy molded plaster splints is warranted even though inter- 
nal fi.^tion is rigid. Besides guar^ng against forces beyond the control 
of patient and suigeon, protective splinting provides comfort and assur- 
ance to the patient in the early postoperative period. After a few days 
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it may be removed ivithout <i!scoinfort for gentie guided octive exercises 
to maintain Joint motion and muscle activity. 

Elevation of the affected part above the level of the chest effectively 
minimizes swelling Balanced BUipcnsion of the extremity until the 
wound js healed eliould be cmploj’ed. 

Sympathetic S'erve Bl&d :. — Undue swelling and p.ain despite adequate 
elevation is often strikinglj* relieved by procaine hydrochloride lumbar 
simpatlictic block. This may be repealed if nccesssary. 

Mo!ion oj A^Jace/ii J^ttU. — The patient should actively moiu all 
joints which are not of necessity kept at rest It ia the aurgeon’a respon- 
to Ece that thw i» <Ionc 

Care after Wound ffcahng — If internal fixation is secure, the patient 
may be ombulatory w it!» crutches as soon os the operative wound heals 
lie shouhl continue active non-weight-bcaring exercises, xvith protective 
splint for use at night and when travelling about 

Within three to eight weeks, depending on the character of the frac- 
ture anti the h.xation. weight hearing protected by a brace or walking 
boot IS both po'v^ible and safe in most intenially fixed fmetures of the 
tibial shaft TronsvepbO fractures nllow protected walking sooner than 
oblique or comminuted (c«iotw Boot or brace protection should con- 
tinue until the fracture is healed 

Patients witii ankle injuries, which mciudo a lesion of the tihial 
weight-bearing surface (largo Up fractures), are best kept from tvalking 
on the afToctwi limb, even with boot protection, for at least six weeks 
Depending on the patient's activities and the einciency of the fixation, 
many patients with other ankle injuries may umbiilatc m a walking 
boot or short leg brace soon after operative wounds have healed 

Insecure internal fixation of a fractured tibial shaft calls for a cirw- 
lar plaster encasement extending from the toes to the groin with the 
knee flexed 23 degrees. Inadequate fixation of an ankle fracture requires 
appropriate external immobilizalion by boot or long-leg plaster. Under 
these circumstances the program must ignore the gesture of internal 
fixation and parallel tliat of closed reduction and external immobiliza- 
tion until consolidation of the fracture takes place. 


SUMMARY 

This discussion has touched upon certain salient points coaceirong 
open reduction and internal fixation of fractures iVn attempt has ^ 
made to emjihasize that this procedure is neither simple nor to be 
taken lightly. Under orcfinarj' circumstoncfs it is Justified only by 
fcity Wien this is the case it should be done as &oon as possible in 
to carry out the procedure with safety imd success apociahzedsu'^ 
Judgment, skill and facilities arc necessary. The hazards are setio 
inescapable and the lim itations of the method ate numc^us- ’ , 

the prerequisites are satisfied and the operative 
carrW out in the proper cases, mnnj- caccUcnt results can he obla.nKi 
that would be impossible by any other method, 



NEW TRENDS IN PEDUTRIC SURGERY 

Pectus Excavatum, Esophageal Atresia, Intussusception, 
Hirschsprung’s Disease 

.Mark M. Ravitcii, M.D., F.A.C.S.* 

PECTUS EXCAVATUM 

Pectus excavatum is a congonilal, Iroqxiently familial, deformity of 
the sternum, present at birth and usually progressive. It is marked by a 
sharp posterior cun'c of the body of the sternum, deepest just above its 
junction with the xiphoid. The lower costal cartilages bend inward to 
form a depression, the lateral borders of which are inclined more sharply 
than the superior and inferior portions. A paradoxical inward motion 
of the lower sternum is conspicuous on inspiration. In extreme instances 
the deepest portion of the concavity to one side of the midline may be 
posterior to the ventral surface of the vertebral bodies. 

In infancy or early childliocd, the deformity usually causes no physi- 
ological disturbance, although arrhytlimias, particularly paro.xj’smal 
tachycardia, may occur. However, the progression of the deformity re- 
sults in the chest becoming flat and thin, the dorsal spine kj*photic, the 
head thrust forward. In tlic undressed patient, the concavity is con- 
spicuous and unsightly and a source of embarrassment. In the more 
severe instances, the deformity of the rib cage and spine is quite plain 
even when the patient is clothed- Displacement of the heart and pres- 
sure upon it may cause physiological changes, usually in adolescence or 
later. The occurrence of d5'5pnea and cardiac arrhythmia is not neces- 
sarily confined to the patients with the most severe deformities. In the 
adult, with a shallow, rigid chest, dyspnea may be on a pulmonarj* as 
well as a cardiac basis. The mechanism of the production of the defect 
IS uncertain. A shortened central tendon of the diaphragm has been 
impugned by some. This might easily as well be merely a contracture 
secondarj' to the posterior displacement of the sternum and the de- 
formity itself be due to abnormal growth of ribs and costal cartilages. 

Operation should be undertaken in the more severe instances to cor- 
rect the existing deformity and to prevent its progression. 

Operation is indicated (1) to correct a deformity which is frequently 
a source of concern and embarrassment to children and parents, and a 
basis for teasing by plajTnates; (2) to prevent, or to correct the antero- 
posterior flattening of the chest and the dorsal kj-phosis; (3) to relieve 
dyspnea, exercise intolerance, or cardiac arrhythmias, or to prevent 
their appearance. 

From the Department of Surgery of the Johns Hopkins University and the 
Johns Hopkins Hospital . 

* Associate Professor of Surgery, The Johns Hopkins University, Baltimore. 
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It ih not possible to sny m which dilW or infant the deformity will 
progress most and cause most severe symptoms if operation is with- 
hold A loss formidable operation in infancy may well lead to a more or 
loss noirna! thoracic condition while a more extensive operation some 
years later may secure only partial correction of the deformity. 

.Mthoiigli irregularly Kucces.-J'ul results have been intermittently re- 
ported for some fifty years, the modem operative treatment for pectus 
oxc.avattim has been developed in tlie last ten years. Ochsner and Do 
nak<*y, Lincoln Brown, Sweet, and Lcslcr have reported successful re- 
j-ults with fiindamcntuHy similar procedures 

'J’hr pronilure we h.a\ o employwl difTem from those in some respects 
It iiiinv nt pmcntmg further deformity and at correcting the e.xisting 
deformity 

Technic. L’mler mtratnichcal other anesthesia, a midtine incision is 
made from the manubrium to the epigastrium. The pectoral muscles are 
stripped back on citlicr suic to lay bare all the ini’olv'ed costal cartilages. 
Because the xiphaul is pune<l sharpl.v inward and the lower costal car- 
lifagcs on eitiier side .arc 6quec2c<l together like the ribs of a fan, the 
xiphoid M relatively inacc<r»Mhlc until the.«o costa! cartilages have been 
mmovetl The two lowermost costal ctirlilages on cither side arc rcmos'cd, 
together with their perichondria. In Infants and sm.'iJl children, the 
penehondnum is so delicate as almost to defy presors'ation and we have 
found It lie-t to remove it with the costal cartilages. The xiphoid is now 
scpanilni from the sternum and ibo substemo! hg, ament is divided At 
times, the ligament parts audiblj* and the siemum gives visibly uhen 
the bund ha^ been released. Hiis much of tlic procedure, the so-called 
limited Operation, apparently would arrest the progression of the de- 
formity blit docs not Correct the existing ilcformity and wc have not 
been satisfied to stop with the limited procedure. On either side the 
dcfoiTOcti costal cartilages are now rcmo%*cd for tho entire distance of 
their incurvation so that no abnormally curved cartilage rcraaias. Tte 
ha\c removed from throe to five cartilages on either side. The 
coital bundles are completely divided on both sides so that the hand 
can be pvt«wd lichind and on both sides of the stenium, which is at- 
tached only to the manubrium. 

A transverse w cilgo osteotomy is now performed at the superior wr- 
dcr of the defect An onhnaiy' gouge is the simplest and most satisiac- 
torj’ inslniraent for this purpose- The sternum is now tilted saipO 
anteriorly until the posterior cortical lamella has been {ractuiW|^^per 
mitting the sternum to remain in the corrected pot^ition in 
ment. The sternum is now sutured in nfw**’- 
through the bone 

fr.— - ' 

j ' -.-.'^0 

t ...vA.iion Irom tho traction 

r, ..V., «ie not sutured to the ateroura superiorlj’. 
are not reattached. In most cases, the etemum whicl 


; and merely intro- 
wirc. The pectoral 
The rectus muscles 
h had been pressing 



Fig 556 — The drawings show the nature ot the defect in a case of pectus ex- 
cavatum with moderately severe Tho 

removed for the full extent 
and the sternum freed evi 
A transverse wedge osteoK 
to be fractured anteriorly 

little blood into the pleural cavity have had fever for two or three days. 
Most of the children have been out of bed within a day or two after the 
operation. Despite the large defect and the absence of any protective 
device, the children have not suffered from any respiratory distress or 
paradoxical motion of the chest wall. Within three weeks the fracture 
has healed and a nearly solid chest ^vaU results (Fig. 557). 

The most gratifying result is the difference in appearance of the 
patient on deep inspiration. Instead of a protuberant abdomen and de- 
pressed sternum on inspiration, the child demonstrates a fiat “sucked-in” 


Fip. 557 ~A , B.— Preopcraljvc and postoperative roentgenograms of « 
old girl with a moderate funnel chest deformity Barium paste oppiic 
skin in the midhne aids in risualisation of the sternum m 

C, D, Preoperativo and postoperative pliolop^pbs of same ,, 

deep inspiration Note that after operation the chest fills out and the a 
drawn in. 

abdomen, and fulJ rounded clicst Since fcfic sternum has 
its costal and diaphragmatic attachments, tlierc is no 
which the defect or the deformity can be racreaf^ and P 
tivc results have been extremely satisfactor>' as the patients n 
followed. 
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ESOPHAGEAL ATRESIA AND TRACHEO-ESOPHAGEAL FISTULA 

The appearance in 1913 of the report by Cameron Haight put the 
treatment of esophageal atresia and tracheo-csophageal fistula on a ra- 
tional basis and gave tremendous impetus to the operative attack on the 
lesion. Until that time, a few babies liad been preserved by the com- 
plicated method of ligation of the lmchco-<?sophagcal fistula, closure of 
the lower esophageal end, gastrostomy, and exteriorization of the proxi- 
mal esophagus as a cendcal esophageal fistula. A ver>’ few of these babies 
subsequent!}' went on to antethoracic osophagoplasty performed by the 
tedious multiple staged procedures then in vogue. jVs the result of the 
stimulus of Dr. Haight’s publication, a large number of babies, perhaps 
two or three hundred, have nonr been operated upon by this method 
the country over. 

The deformity consists of complete atresia of the upper esophagus, 
generally at the level of the third or fourth thoracic vertebra. The 
esophagus ends blindly and the proximal segment is tremendously di- 
lated and hj’pertrophiod as a result of futile attempts at swallowing in 
the final period of gestation. Tlie distal esophagus in most cases com- 
municates with the trachea at the carina or a Httic above in a traclieo- 
esophageal fistula. 

The symptoms of complete esophageal obstruction arc frothing and 
bubbling of saliva from the mouth and regurgitation of any ingested 
material, beginning at birth, with accompanying attacks of cyanosis. 
The diagnosis of esophageal atresia must be suspected in all newborn 
infants with such symptoms. Pneumonia from aspiration of saliva and 
feedings is almost inevitable within a few days after birth. The diagno- 
sis is most easily established by tlie parage of a radiopaque rubber 
catheter into the esophagus under the fluoroscope. The catheter usually 
will be found to stop at the level of the third or fourth thoracic verte- 
bra. A small amount of iodized oil (not barium) may be injected for 
roentgenography and then aspirated with the catheter. The proximal 
esophageal pouch will be found to be considerably dilated (Fig. 558). 
If in addition the roentgenograms shoAv air in the intestinal tract, a 
communication must exist between the lower esophageal segment and 
the trachea. More rarely still, there is no fistula at all. Figure 559 shows 
the situation which exists in more than 95 per cent of cases. 

Although occasionally infants survive as long as a month before oper- 
ation, the condition uncorreeted is incompatible with life. For correc- 
tion, the esophageal obstruction roust be relieved and the tracheo- 
esophageal communication closed. The direct operative attack on the 
lesion has given the greatest success. 

In preparation for operation, the infant must be hydrated, any pneu- 
monia present must be combated and further aspiration prevented. 
Constant suction is made through a small catheter passed by nose or 
mouth into the proximal esophagus. This is the single most important 
item in the care of these infants before and after operation. The crib is 
tilted so that the head is elevated, allowing continuous removal of the 
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only, penetrating the mucosa. However, it is probable that most of 
the sutures of both rows in the thin distal segment will bo through and 
through, A little nclded protection for the suture line is secured if the 
distal end can be telescoped into Uie proximal end. A soft strip of rubber 
tissue is brought out through the chest wound at tlie time of closure. 
Postoperative care continues the preoperative regimen. The catheter is 
left in the jihao'ux or proximal esophageal segment for constant suction 
but is not pass.-sl thr.nigb the anastomosis. If u is seen after a day or 



Fig. 500, — Poatoperativo hanum swallow ten da}S after operation for esoplt^ 
cal atresia and tracJico-osopbagcal fistula This infant dtei not require a gss r 
tomy, 

tno that vciy little saliva is a«piratcd through the catheter, glucose may 
be civen by mouth, and feeding begun thert,’aftor as indicatt^ 
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for a week or more, and total intravenous alimentation is a 

problem in infants. It is, tliercforc, frcquently 

^irostomy on the third to tho fifth day after 

infants are able to mvalloiv soon enough to escape gasltostorav (f ig 
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If a gastrostomy is to be performed, it should be to the right of the mid- 
line so as to leave the left upper quadrant free of scars in the event that 
antethoracic esophagoplasty becomes necessarj’. 

Fistula and stricture arc the most common postoperative complica- 
tions. A salivor3’ fistula through the operative wound is fairly common 
and almost invariably of brief duration, and of no consequence. Stric- 
ture formation is more serious and should be watciied for both with 
lipiodol roentgenography and by obser\'at!on of the infant during feed- 
ing time. Occasionally, strictures ma5' develop after several weeks in 
infants who have been doing well up to that time. If a stricture is de- 
veloping, the infant should be made to swallow a silk thread which may 
then be fished out of the stomach by a suction tube or a plastic crochet 
needle inserted through the gastrostomy. Dilatation may then be accom- 
plished by the passage of Salzcr bougies — nibbcr catheters filled with 
fine lead shot. The silk thread makes it feasible, if necessarj’, to pull plas- 
tic beads or threaded sounds through the stricture. Stricture formation 
has not proved to be a formidable complication. 

In a small group of ca.sc.s direct anastomosis will prove to be impos- 
sible because of the distance between segments or because of the ab- 
sence of the distal segment. The latter condition may be suspected if 
there is no gas in the intestines in the preoperative roentgenogram. In 
addition, in a certain number of infants in whom the anastomosis is 
attcmptwl, dense stricture formation will result with severe stenosis 
which defies attempts at reconstruction. In infants of both of those 
groups, an antethoracic esophagoplasty (Fig. 5C1) is the procedure of 
choice, Althmigii it has been demonstrated by Sweet and by Swenson 
that it is possible to bring the stomach high in the chest of such babies 
to perform an anastomosis with the cervical esophagus, an antethoracic 
esophagoplasty is a much s.afer procedure. The proximal esophageal seg- 
ment is exteriorized in the neck. The tracheo-esophagoal fistula is closed. 
The esophagus and intestinal tracts arc then connected by tubes of skin 
or of intestine, or both. Such reconstructions, once completed, arc en- 
tirely satisfactorj'. As can be seen from the illustration (Fig. 561, B), 
it is possible to bring the jejunum up into the neck in one stage, and to 
perform an anastomosis m the second stage. This is a quick and rela- 
tively safe operative procedure and probably involves less physiologic 
disturbance than bringing the stomach through tlie chest. If the jeju- 
num does not quite reach to the neck or if it is preferred not to mobilize 
much jejunum, it is possible (Fig. 501, A) to constnict the upper esopha- 
gus of skin and the lower of jejunum in a two or three stage procedure. 
Several authors have reported successful construction of an esophagus 
made entirely of skin, but in general this method is fraught with dif- 
ficulty. 

INTUSSUSCEPTION 

Intussusception has always been one of the most interesting and most 
serious conditions with which the pediatric surgeon has to deal. Since 
Jonathan Hutchinson, in 1871, performed the first successful operation 
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For indlswccplion in n child, a baby of lira yearn, there has been a 
sie;i)ly, altnouRh painfulb' slou-, improvement m mortality from this 
di'-e:u«e The striking fact w that onlj* in very- recent years have even 
the larger clinics approached or improved upon the mortalttj’ reported 
o\ pr fifty ymrs ngo hy Hirschsprung in Copenhagen, and not long after 
that by (’lubl)e and then by Ilipslcy in Austmlia tuth nonoperatrve 
methods of mlaction. Recently, there han boon a recrudescenco of in- 
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Fig fiOl —.1, Aritethoracjc con«lructcd by the author after failure 

of primary anastomosis The upper portion w lined by akin of the cbosl flail ana 
covered by a split thickness Kraft The loner segment is composed of a j^oop of 
extrapolated jejunum anastomosed to the stomach- The gastrostomy tube has not 
jet been remoxed 

B, Antcthnracic esophagus constructed by l>r. 'V. I'. Longmire m an infant 
nho had no distal esophagosl aegmeat. A loop of /ejuoum baa been broughtup mto 
the neck and anastomosed to the esophagus The gastrostomy has already 
permitted to close 

tcrcat in the nonoperative Pcductlon of ialussusccption irith the use oi 
hydrostatic pres'sure , . , 

Tlie clinical features of intupsusception arc well eslablisheo. Chieflj 
affected arc infants in the first two years of life. Jfales arc afferteo more 
frequently than females in the ratio of 3:2. In less than 10 per cen o 
the reporter! oa.-ies a polyp, diverticulum, nodule of ectopic p.-tncrc-a i 
tissue, or other local lesion is found to act as the e.tctling cause. ” 
largo majority of cases, the intussusception begins at or near the i 
cal valve. Once an intussusception forms, the leading point, is co ■ 
Increase in length of the inlussuaccptioa occurs at the expense 
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sheathing or receiving loop — the intussuscipiens. Compression of the 
mesenteric vessels between the two inner layers and the U-shaped angu- 
lation of the mesenteric vessels at either end of the intussusceptum lead 
to venous stasis, engoi^ement, edema, exudation, further vascular com- 
pression, and ultimately gangrene. Discharge of blood into the bowel 
is one of the first results, and the early discharge of quantities of mu- 
cous is correlated with the appearance of great numbers of goblet cells 
in the mucosa of the intussusceptum. The tension of the mesentery on 
the intussusceptum tends to arch the intussuscepted mass in a curve. 
Edema and compression produce intestinal obstruction, although most 
patients should be relieved of their intussusception before they have 
come to suffer from ileus. The rapidity of appearance of gangrene is 
highly variable, and, in some instances, gangrene is probably attribut- 
able to the trauma of operative manipulation. At times, the bowel is 
viable and reducible after a week w-hcreas, at other times, an intussus- 
ception may become irreducible within twenty-four hours. 

The attack is usuall 3 ’ heralded by vomiting and a sudden cry due to 
abdominal colic. The attacks of colic recur regularly. In the intervals, 
the infant tends to be listless and apathetic. Usually one normal stool is 
evacuated, emptying the colon. Thereafter, only blood or blood and 
mucus are passed. The abdomen is relaxed, soft, and is nontender, ex- 
cept at times over a palpable intussusceptum. Signs of ileus gradually 
supervene — distention, vomiting and tachycardia. Fever and leukocyto- 
sis are common by the time the children present themselves at the hos- 
pital, and high fever is of grave prognostic significance. Blood in recta! 
discharge was seen in 91 per cent of our 152 cases. Inasmuch as an occa- 
sional child continues to have small stools or bloody diarrhea in the 
presence of intussusception, caution must bo exercised in making the 
diagnosis of dysentery solely on the basis of bloody stools. The intus- 
susceptum is frequently palpable by rectum and it is noteworthy that 
occasionally a mass is palpable by rectum which is not palpable ab- 
dominally. 

Treatment. — The barium enema reduction technic which we employ 
is as follows : As soon as the presumptive diagnosis of intussusception is 
made, the operating room is told to stand by for a laparotomy. The 
child is taken to the fluoroscopic room in the dispensary, an ungreased 
Foley bag catheter is inserted m the rectum, and the bag distended with 
air. Barium is permitted to run in from a height of three feet while an 
a.ssistant squeezes the buttocks tightly together throughout the pro- 
cedure. The barium usually runs rapidly through the bowel until it 
meets the intussusception, which arrests the barium column, giving its 
leading edge a concave meniscus (Fig. 562). The meniscus flattens out 
and then begins to deepen again, and so on. The ends of the meniscus 
graduallj' extend proximally until suddenly the intussusceptum gives 
ground. At tiroes, an intussusception maj* be reduced from the rectum 
or sigmoid through the ileocecal valve almost too quickly for one to 
observe the process. At other times, there is a stubborn hang at one 
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point or anotlier If the intussusception appears not to reduce itself 
beyond such a point, the child is pennitted to cvpel the barium and a 
second, and if ncccssaiy, a third enema is administered. The chief diffi- 
culty may bo in decidiiiR upon the completeness of reduction of the 
intussusception nt the cecum. By dispIacinR the cecum laterally one 
may sec barium well up in the small hottcl. After reduction, the child is 



Fig 602 — Drawings of the fluoroscopic appearance during barium enema re- 
duction of an intussusception Note, as reduction proceeds, how the horns of 
the meniscus extend until suddciitly Hie intussusception advances rapidli’. the 
meniscus flattens out and reforms. Barium should be seen «ell into the small 
bowel when reduction is complete 

sent to the ward, powdered charcoal is instilled m tlie stomach and six 
hours later an enema given to recover the charcoal. Succcs'^ful reduction 
is denoted bj’ the following criteria: (1) the entrance of barium well 
into the small bowel, (2) return of the barium with feces or with 
(3) disappearance of the mass, (4) clinical improvement of the chi 
who often falls into a natural sleep, and (5) subsequent recover}' 
stool of cliarcoal given by mouth or the appearance of a blood-free stoo . 
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Since 1939, we have treated thirty-sLx patients by this method, witli no 
deaths. In nine patients, the intussusception was reduced onh' as far as 
the cecum but not through the ileocecal valve, and it was necessarj’ at 
operation, usually througli a McBumcy incision, to complete tlie last 
inch or so of the reduction manually. 

The recent experience of the lai^cr clinics indicates tliat, as far as 
mortality is concerned, the figures are reaching an irreducible minimum. 
In the hospitals with the greatest experience, most of the deaths which 
occur are in childrenmoribund on admission. Even when this happy state 
has been achieved, however, there will still be found a much lower mor- 
bidity and much shorter hospital staj- in the patients treated by hydro- 
static pressure than in those treated by primaiy operative reduction. 
The comparative figures at Johns Hopkins Hospital for duration of hos- 
pital stay are an average of 9.2 days for children treated primarily by 
enema, and 32.4 daj-s for children treated primarily by operation. 

There is adequate clinical and experimental evidence to show that 
with a hydrostatic pressure of 3 to 3^ feet, it is not possible to reduce 
gangrenous bowel. Furthermore, the brunt of the resistance to pressure 
is borne by the healthy viable bowel of the intussuscipiens, so that rup- 
ture is not likely to occur. In fact, rupture has only rarely been reported 
to result, and this has usually been in connection with the addition of 
manipulation of the intussusception through the abdominal wall. We 
employ the barium enema method in all cases of intussusception regard- 
less of the duration of the disease or the gravity of the illness in the 
patient. It is possible to perform (he reduction while intravenous fluids 
or blood arc being administered. If there is any uncertainty about tbxi 
completeness of reduction, a McBumcy incision should be made. 

It is emphasized that hydrostatic pressure reduction is a surgical pro- 
cedure which should be carried out by surgeons and in a hospital with 
everything in readiness for operation. 

HIRSCHSPRONG'S DISEASE 

The diagnosis of Hirschsprung’s disease is rather difficult to establish 
with categorical certainty because there is no pathological lesion which 
is accepted as pathognomonic, although recent publications (Bodian 
et al.) continue to suggest that it may be possible to demonstrate some 
lesion in the myenteric plexuses in cases of Hirschsprung’s disease. The di- 
agnosis of Hirschsprung’s disease is usually made on the basis of stubborn 
constipation in a child in whom a barium enema shows a tremendously 
dilated colon, usually with poor baustral markings. Because the diag- 
nosis is made on such scanty evidence, bizarre misdiagnoses are at times 
made. We have seen eases diagnosed as Hirschsprung’s disease in which 
the cause of the intestinal dilatation was discovered to be actually one 
of such several diverse lesions as anal stricture due to poor repair of an 
imperforate anus, cretinism, in which the constipation and the dilata- 
tion of the colon were corrected by the administration of thjToid ex- 
tract, and beha\ior problems in children who “fought the pot” and 
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noiTOfll in Bome instnisees, but the redundant bowel remains a mechanicai 
hazanl In one instance, siTnpathectomy produced daily spontaneous 
evacuation for a year in a cliild who had Iiad no previous spontaneous 
stooJs. He remained distended with ^ and suffered attacks of abdomi- 
nal pain (Fig 503) A left-sided colectomy produced complete relief. 
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RECENT DEVELOPMENTS IN PLASTIC SURGERY 


Paul AV. Greeley, M.D., F.A.C.S.* 

The more important recent developments in plastic surgep' have 
arisen from a broader application of established fundamental principles. 
Because the scope of the field of general plastic surger>’ is so broad, I 
shall present only some of the problems involving wound closure, or 
what might be termed the reconstruction of certain surface defects. 
It is true that these arc not new problems, but the success in their 
management has been improved greatlj' from a better understanding 
and knowledge of skin grafting procedures. 

TYPES OF SKIN GRAFTS 

A detailed discussion of skin grafting operations has been presented 
heretofore* but it is appropriate to review briefly some of the character- 
istics of the various types of grafts. The different kinds of skin grafts 
varj’ in functional and cosmetic results largely with their thickness and 
source. The free full-thickness or Wolfe graft will give one the optimum 
cosmetic and functional result because the entire layer of elastic fibers 
is included in it. However, it is the most difficult to apply and make 
grow, and hence has a limited field of usefulness. It is used primarily 
on the face where one wishes to secure the best cosmetic result or on the 
flexor surface of the hand or fingers where the maximum degree of 
elasticity and the greatest surface resistant qualities are needed. 

For the closure of the greater majority of wounds necessitating a free 
skin graft, the split or parlial-lhickncss variety gives the greatest diver- 
sity of practical usefulness. One that is cut to approximately 75 per cent 
total skin thickness offers most of the qualities that wo find in the free 
full-thickness graft but its technical use is much simpler. In large open 
areas such as one encounters in extensive avulsions, surgical excisions 
or in granulating defects following third degree bums, a thinner split- 
thickness skin graft is used most commonly. These are oidinarily cut 
anj-where from one-quarter to one-third total skin thickness. Being thin, 
they vascularize rapidly and with a high degree of certainty. Their 
donor sites heal quickly and frequently are utilized repeatedly for the 
removal of successive "crops” of thin split-thickness skin grafts. This is 
an important item in covering an extensively burned patient, when donor 
sites are frequently insufficient in surface area to yield adequate skin 
covering. 


From the Department of Surgery, Division of Plastic Surgery, University of 
Illinois College of Medicine, and The UniTOrsity of Illinois and St. Luke’s Hos- 
pitals, Chicago. 

’Clinical Associate Professor of Surgery, Head, Division of Plastic Surgery, 
University of lUinois College of Medicine; Attending Plastic Surgeon, University 
of Illinois Hospitals and St. Luke’s Hospital, Chicago. 
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There are times when one must transfer subcutaneous fat with a 
skin graft. Such co%'ormga can only be made when a pedicle is left at- 
tached to maintain viability until nci\ vascularization is established in 
tlie recipient arca. Flaps of this variety may be obtained by rotating 
them over the defect from the adjacent wound border, or b3’ transference 
from a distant site either ns a "direct” flap or ns one that has been 
"tubed” prior to removal. Skin and subciiiancou'S covering is needed 
when one wishes to elo«e over exposed tendons or jomta, so as to insure 
subsequent kinetic activity U is also needed to cover open bone or 
joint defects m whicki subsequent future ortliopedie or peripheral nerve 
surgeiy’ maj' be anticipated U may also l»c needci! to reconstruct the 
normal subcutaneous padding or in areas of poor va^cularitj* following 
c-xccssivc irradiation w here a free graft niiglit not euiauve. 

And finally, m this brief rdsumf of the indications for and character- 
istics of the different types of skin grafts, one cannot refrain from includ- 
ing a statement regarding the practicability of tranderring skin from 
one person to another. It is now a well established fact that except m 
tdenlical ixcxns, akm taken from anyone other than an autogenous donor 
will grow for only a very short time, I c , three to S3\ * 1 

of this period it becomes raptdlv - * , 

the practical 

only when on , ,,u.v,a suitu-j of a poor- 

nsk extcnsivel . up to npomt at uliicli ho may withstand 

the removal of sKm grafts from In'* own body It mil'll therefore be looked 
upon as a tempomrj' prore<lure which m rare mstanre'j may prove to be a 
hfc-saving measure 

Concluding this shoit disciivsion 
wish now to prcjsonr 

application has pre — - -'‘^anccs. 


SKIN LOSS FOLLOWING BURNS 

Great strides have been made during recent yearb m the treatment of 
bums Much more is Itnown regarding the pathologic phj'siology of the 
burned patient and liow to correct it Mnrketl improvement in the local 
treatment of burns has ocemrod The pret-sure dressing methods of 
Koch and Allen* have rcccivctl wkIc acceptiinco The proccthire, ho'y 
ever, does have some disadvantage ui dealing with burn'! of the nan . 
aince the nocessaiy immobilization tends to afqjravatc stifTnesa m 
metacaqjaJ and phaiangeal joints It nouW seem that insofar as die 
of burned hands w concerned, the methoils advocated and iiset } 
Meindoe* in the British Uoyal Air Force may be of superior mem. ae 
recommends constant elevation of the Iiands so as to mintnuze e 
Locally the bums arc covered with light sahne dressings an 
finger motion 13 encouraged 'Hus simple method does much ® . 

bolter permanent joint function, but does entail extensive 

constant care j Hybrid- 

Following the local treatment, there » a marked trend towar 
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ing all burned surfaces early, i.c., as soon as a line of demarcation is 
apparent. This is followed by immetluite skin grafting. The early covering 
with a permanent skin graft will minimize late fibrosis of the joint struc- 
tures and will give the best final functional result in the minimum length 
of time. 

There have been a few isolated advocates of primary excision of the 
local bum, which is followed by the application of an immediate skin 
graft. 'Wliile this would be an ideal procetiurc, most plastic surgeons 
(including the authorO feel that until a better method is available of 
determining just how deep a fresh bum extends, the procedure is im- 
practical. This point is stressed because if one underestimates the depth 
of the bum damage, subsequent inevitable underlying necrosis will 
result in loss of the skin graft above it. If one assumes a more radical 
viewpoint, then good tissues will be sacrificc<l needlessly. Hence, most of 
us feel that early debridement is desirable, but only when a line of 
demarcation has become established. Tliis ordinarily occurs in seven 
to twelve daj’s following the initial thermal injury. Removal of necrotic 
tissue at this time is of course ideal. If the underlying wound shows 
evidence of total skin thickness destniction, one should then proceed 
to cover the area with a properly selected t>'pe of skin graft as soon as 
the recipient area has been adequately prepared. 

CHRONIC LOWER LEG ULCERS 

Chronic leg ulcers originate from a variety of sources but more com- 
monly follow as complications arising from the passive congestion associ- 
ated with varicose veins, from thrombophlebitis, from deep third degree 
bums or from soft tissue trauma associated with compound fractures. 
One is frequently appalled by the prolonged disability experienced and 
the fantastic sums of money spent for “magic ointments” by this group 
of patients, who continue struggling with their ulcers until a different 
approach to the problem is undertaken. 

Two important underlying factors must be considered before anj* 
chronic leg ulcer can be healed. It is well known that the basic blood 
supply to the soft tissue coverings of the lower leg is very poor in com- 
parison with other areas of the body. If an ulcer occurs in the lower leg 
and can be encouraged to heal, it is apt to break do^m repeatedly because 
the scarring incidental to healing is poorly vascularized and will not 
withstand ordinary daily trauma Secondly, the local blood supply is 
diminished further because of arteriosclerotic vascular disease, varicos- 
ities, thrombophlebitis or the dense scarring that frequently is associated 
with deep bums or compound fractures. Consequently, the ideal treat- 
ment of a lower leg ulcer is to cover it with a skin graft, since this type 
of surface restoration will bo associated with a minimum degree of local 
scarring and hence better vascularization when healing is ultimately 
accomplished. 

Before any t>’pe of skin grafting can be executed successfully in a 

esion of this type, adequate preparation of the base must be carried out 
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first 11»is involves treatment of aJI imtlcriying Josfons. Varicose veins 
nuiit be cbmmated b>’ accepted mcUiods Btiema w reniovwJ b}' bed rest 
and M-irii support and elevation of the extremity. Finally, the chronic 
ulcer along n-ith all adjacent and underlying necrotic tissue and scarring 
must l>e ('M’ised \\ Idely. Tlie level of excision must be earned back to 
V hat appears to be an adequate Wood supply ns noted by local bleeding 
anfl absence of further fibrosis. In the majority of cases, some of the 
underlying subcutaneous fat pad will rctnam present and such a defect 
m.'vy be coverwl ' . ' ' out in conjunc- 
tion nilh antib ■ p^ift may be 

applied at once ' er. « here there 



Fig 554 — A, Chrome ulcer o! onkle foJIoMng compound fracture B, Com- 
pfeted reconstruction. 

has been much fibrosis and extensive capillary oosing, one may anticipate 
the development of a complicating hematoma beneath the gmft Jn 
these cases, it is wiser to dn'ss thefie/cct nWi some typeof net dreeing 
technic until an adequate smooth granulating bed bas been obtame , 
i c., in seven to twelve rlays, and then proceed to cany’ out the skm 
grafting procedure 

In a smaller group of chronic leg ulcers, the necessary 
have to be carried so deeply that the underlying tendon? ana ti la 
be left exposed. In addition, the local adjacent circulation may e 
tremely poor In this variety of cases, it'adesmbk » 

with skin plus subcutaneous fat. Tliis muse of course ^ , 

pedicle flap, either a direct flap (Bigs. 504-S6S) or one ■vvhic 
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previously tubed. It mxist be remembered, bowover, that the use of 
pedicle flaps iri this more serious group of leg ulcere is idealistic but not 
always practical. Tlie procedure can ^ executed well in the young and 
middle age group of patients with flexible joints. Ko^^’Cvc^, stiff joints 




Fig. 565. — ^Technic of reconstruction. Bxdsion of ulcer with adjacent ecar and 
elevation of direct flap from opp^ito itigb, "We feel ttat tWgb fiapa aie fa? su- 
perior to lower leg Caps because iheir blood supply ia better. The poaitioa jd- 
cldental to transfer when thigh tbps are used seems no more awkward or uncom- 
fortable to the patient than when the lower leg is chosen aa the donor sUe. 

and more advanced age may preclude the use of this more complicated 
operetion in many instances. In such cases, one must compromise by 
utilizing a split-thicknere graft even Iho-ugh it will not give the most 
desirable end result. 

Finally, after healing has been aecompls^ed tvith a ^s'clI executed skin 
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crafting operation, it must be fe/nembered that the neiv covering must 
be protected in the future from tmuma and by external elastic support 
uben indicated. Failure to observ'c this may result in breakdown of the 
graft and disappointment to both the patient and surgeon. 




Fig 606. — Technic of fcconstniclion (eonliniud) Thigb fJap elevated The 
donor bed and open portion of the flap base are lined with a pnnjary eplit-thick- 
ncesak/n graft so as to convert all open Brc.aa into a closed nound, thus rainimixing 
infection. The free graft is covered «illi a previurc dressing following nhieh the 
open portion of the flap is sutured into the defect of the opposite anUe as pre- 
pared in Figure 505 

DECUBITUS ULCERS IN PARAPLEGICS 

Until World War II, the managementof the inevitable decubitus ulcera 

in paraplegics was poorly understood, and their treatment c<iua j 
unsuccessful. Most patients died within a relatively short span because 
of inanition and complicating organic infections. But because ol manj 
advances in chemotherapy and rca^ition of hypoproteincmias, co 
bined with the largo group of paraplegics assembled m a lew i, 
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Division of flap m approximately 5we«l« 


Fig. 607.— Technic of reconstruction (contmued). The flap >9 sutured in place 
and the lower extremities secured together in plaster of paris It is usually safe 
to divide the flap in nppro\imately three weeks. 



Fig. 508. — ^Technic of reconstruction (foncluded). The transferred end of the 
flap is sutured into the ankle. The excess flap is returned to the donor site from 
which it Was taken on the opposite thigh. Prior to suturing down, the excess 
temporary split- skin graft lining is excised, leaving only that portion on the 
distal end of the thigh that represents the surface covering transferred to the 
ankle. 
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Yctcnm Administration hospitals follou'tng iniurica in World War H, 
an opportunity lias arisen to study these cases in a iray that has been 
unprecedented. Our study reported lierclo/ore,*- ‘ arises from the results 
of approNimateiy 350 operations carriwl out on the Plastic Surgerj* 
Semee at the U S. Veterans Administration Hospital at Hines, Illinois 
during the pa^t Uvo years. Our ohsmmtion? parallel closely those 
reported by Connay* and ossoeiatca from the Plastic Sm^jerj' Service at 
the ^■cterans Administration Hospital, Hronx', Xcu- A'ork. 

Our interest in this problem «as ttvofokl. In the first place, the large 
number of patients so afUlctod needed treatment. Secondly, many pa- 
tients were admitted to our .sendee who bad h.ad numerous previous 
unsucenssfui operations ba^^I tj{K>n a variety' of procedures, and un- 
fortunately liad been reportc*! prematurely m the literature as cures, 
only to break down later. 

General Care.— Our attention w.as first dinictcd to the general condi- 
tion of the patients. Tiuisc whom wc biiw were all debilitated, anemic 
an<l suffering from hypoproteinemia. Tlio general nutrition of the 
patient must of course iio corrected. He should be placed on a high 
protein, high caloric and high vitamm diet. Hepcatr^ transfusions of 
whole bloori arc given as mdicatcrl. Iloulinc preoperotivo and postopera- 
tive penicillin therapy is given in large doses until the sutures have been 
removed. To this is adder} £ulfa«u.Yidinc m 0 gm. doses three tunes a 
day for one week preceding all operations upon ischial ulcers, and con- 
tinued until the postoperative wounds have healed. 

Naturally, meticulous nursing care w imperative. Tlic ulcers lus such 
arc found to wcur over all bony prominences around the pelvic girdle, 
n.s over the Mcnim, trochanters, isehhl tiilierositics and anterior superior 
iliac spines One frequently finds a relatively small opening through the 
skill, but wiih careful probing it Is usually obfcrx'cd that there is wide 
ww^lcrwwwmg of iXvt feofl ti-sswv* IwwcalU tUc e,«\us 

Excision of Ulcer and Bony Prominences. — Because of the importance 
of the occurrence of bedsores over bony prominences, it was pointed out 
early by’ Blockhma* * that these should bo rcmovcil along with wide 
excision of the ulcer itself, nds maneuver ehmmatos potential future 
pressure iiomts after clo'uiro of the ulcer. Although prcoperative x-ray 
films are usually negative, microscopic study of the removed bony' spines 
and tuberosities shows evidence of fibrositis anti chronic osteomyelitis 
m a higli pereontago of cubos, wliich in itself nould precluile siicc^iu 
healing folloivmg any proceilHre. A third reason for removing the bony 
prominence is that the procedure opens into the medullary cavity o e 
underlying bone. Tiu.s gives rise to an additional source 
and lienee furnishes more nourishment to the wound This in 


naturally aids in healing . ^ 

Skin Grafting. — The cutaneous defect following surgical c 
the ulcer and underlying bony promuienco must next ^ 5 
skin and subcutaneous fat. Hie method of accomplishing t 
fiomowiiat upon tlie location and size of the ulcer. Those ove 
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may often be closed by an S-p!asty, providing there is enough available 
coveiing with which to carrj’ out this procedure, ^^^le^e one needs addi- 
tional covering because of the magnitude of the defect to be closed, tlie 
best and most easily obtainable tissue is o!>tained by utilizing a direct 
rotation flap constructed from the border of the opening. The same 
procedure is used for closine of trochanteric openings. AVe feel it is 
imperative that these flaps be rotated and sutured into their new beds 
without any tension whatsoever, and in order to insure this, the donor 
site from which the rotation flap is procured is covered with a priman' 
split-thickness skin graft. AVhen the wound is finally closed, it is covered 
with a verj’ copious dressing secured under moderate pressure. We 
have found bias-cut wide bandages of stockinette ideal for this purpose. 

Management of Ischial Ulcers. — ^Following the dev'clopment of the 
foregoing general plan of treatment of decubitus ulcers in paraplegics, 
the over-all results have been unusually successful. It is of interest to 
note that we now see very few sacral or trochanteric ulcers except in 
new patients assigned to the scivicc. ITiis is because the patients are 
now out of bed the greater portion of the time But because of this fact, 
the incidence of ischial and recurrent isclual ulcers has increased because 
the patients spend more time in the sitting position. Wc have conse- 
quently had to become more radical in the management of the ulcers 
over the ischii and now are carrying out the following technic for these 
lesions. 

After dissecting the ulcer witli its cavity down to the ischial tuberosity, 
the bone is exposed (leaving the ulcer still attached to the tuberosity) 
and a Gigli saw passed through the obturator foramen. A complete 
removal of the tuberosity along witli a segment of the horizontal and 
pubic rami is then carried out, removing tlie bone and attached ulcer 
m one unit. The rami arc then trimmed further with a large rongeur, 
going back far enough to remove tlie bony fulcmm of the obturator 
intemus muscle. Bleeding from the cut ends of the bone is controlled 
with buried sponges of Gcifoam. The obturator intemus muscle is then 
spread out to be sutured over the lateral ramus, to the obturator externus 
muscle and to the cut origin of the biceps femoris muscle. Because of the 
extensive resection of the ischium it is possible to close practically every’ 
wound by primary suture since the divided skin and subcutaneous flaps 
fall into the cavity without tension. This typo of closure for ischial ulcers 
is followed by rapid healing and a minimal number of postoperative 
complications. The patients who can walk with the aid of braces get 
around very’ well without any evidence of pelvic instability. 

Finally, it must be remembered that these patients are and always will 
be anesthetic below the level of their respective spinal cord injuries 
Because of this their nursing care must be continued and every possible 
effort made to avoid prolonged pressure on any one spot. The prominent 
areas most commonly subjected to pressure must be inspected several 
times daily. Failure to obser\'c these details may cause failure following 
any successful method of closure. 
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IRRADJATIOW INJURIES 

Although thoproksswn hasknonra of the hatatxls associated u-ith the 
use of x-nvys arid radium for maty’ years,’ it has hocome strikingly 


hands of those not property tratnexf in ndmimstmtion of irradiation 
ttiempy or in (toctors themstdi-es following prolongcti and repeated use of 
the fiuorty'eope Others, houever, dcv'cfop x-nvy dermatitis and x-ray 
necro'^is «s an incidental by-pitxfurt in the Riiperficial tissues in the 



Fig. SfiO —Deep x-roy utecr of .'interior nhdomtnal waJl folioiviwg cvtcusive 
tJicrapy for pcJvic csrcinoinA 

nGccs.'ary licavy therapj’ tliat is frequently given for deep or iaoperabic 
carcinoma Witii tlic development of more poiverful apparatus for this 
purjKipo, we will uiidoiibtciiJy be focetl with more incidental miuries of 
this tj’pe. And the potcntiaf hazards of atomic warfare hovering 
over us, the potential surx'ivors will naturally have extensive lesions m 
thiscategorj'. , 

Irrespective of the source of the radiatioa injurj’, the pathoiogj' ana 
symptoms produced arc identical. The essential patholc^ic finding w a 
• •• ' 1* nmrcci seen in the arteries, 

nutrition 

' . irs even* 
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tuallj*, wiiicli may finally result in ulceration and ultimate dogenemtion 
into carcinoma of the squamous cell tj'pe. 

The lesions produce intense itching and pivm uhich can never be re- 
lieved permanently until the damaged areas have been excised back to 
an area of good visible blood supply. Such removal produces a sudden 



Fig 570. — Method of reconstruction in caaeshownin Figure 5C9. Ulcer excised 
back to an area of good blood supply. 

and dramatic cessation of all subjective symptoms. Following excision, 
the open defect must then be covered with some type of skin graft. 

Areas in which the damage is relatively superficial, and in which a 
subcutaneous fat pad or underlying muscle having an adequate blood 
supply remains, may be covered quite simply with a split-thickness 
skin graft. IMiere the damage is deep, and bones, joints, tendons and 
nerves have been exposed by the necessary excision of damaged tissues, 
the defect must be covered by skin and subcutaneous fat This can 
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ordiJiarily Ijo accomplishes! by the wsr «f some variot.v of local rotation 
flap to 571), or if none is obtainable, uith a direct or tubefi 

pedicle /lap taken from a distant point. 



It is imperative to rmpliaswc that excision of 
slioiiM be earned oat early, i e., as soon as the imtial 
tion lias Mibsidetl, and that the nTcision t"™* .“I;,.,,.,, 
rcmova! o! damaged tissues will be folloncd by l^ttbee to- , 

dental to an extension of the ohlitemtlee ■" 

and hence ivill result in loss of the overlying shin gralt or li.p 
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SUMMARY 

A discussion hiis been presented wherein a broader application of skin 
grafting procedures is utilized for the successful management of cliionic 
leg ulcers, decubitus ulcers in paraplegics, radiation injuries, and in a 
trend towards the earlier repair of defects following thermal burns. 
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SUTURE MATERIALS AND THEIR USE 

I. Mims Ga-qe, M.D., r,A-C.S.* and Champ Lyons, M.D.t 

Precise hemostasis and coaptation of wound edges are essential to 
sound wound Iiealing. All surgeons recognize the necessity of utilizing 
suture materials to achieve these ends. Unfortunately, the u&e of suture 
material in a wound is a direct violation of an established surgical 
principle against incorporation of foreign bodies in wounds. An inflamma* 
too’ reaction is an inevitable consequence of foreign bod}’ implantation. 
The veo' technic of ligature implies the implantation of a foreign body 
and in addition leaves within the wound vnrj’ing amounts of devitalized 
tissue. High frequency coagulation is so productive of tissue necrosis 
that it cannot qualify as a nonsuture method for hemostasis. It is to be 
regretted that human ingenuity lias not developed a nonsuture teclinic 
for the control of hemostasis and the coaptation of wound edges. 

ABSORBABLE VERSUS NONABSORBABLE SUTURES 

Since the time of ancient Egj’pt surgeon.*? have been concerned with 
both the technic and clioice of material for suture. Modem surgery finds 
specific uses for both absorbable and nonabsorbable sutures. Catgut 
remams the universal choice for an absorbable suture. A greater variety 
of nonabsorbable sutures is in current usage. Silk is the animal product 
of choice. Cotton is the vegetable fiber of choice. Nylon is probably the 
most widely tested of the plastic products for buried sutures. Both 
steel and tantalum wires have strong advocacy. 

As in any biologic experiment, the problem of comparative evaluation 
of these suture materials has been complicated by the presence of 
multiple variables. Most important are the amount of tissue trauma, the 
degree of bacterial contamination, the integrity of hemostasis and the 
amount of tension employed. In the avoidance of tissue trauma gentle 
handling of tissues alone cannot compensate for the damage done by 
undue e.xposure of the wound to tlie diying influences of the atmosphere, 
the use of strong antiseptic or irritating antibacterial agents or dissection 
with dull instruments. It is now quite generally recognized that technical 
perfection in wound management is more important than the choice of a 
suture material as a determinant of optimal wound healing. The descrip, 
tions of wound healing by Moynihan attest the validity of this conten- 
tion. 
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Students of the histology (Xf wound healing have come to recognize 
optimal healing as “drj’” healing Hie aseptic inflanaraatoiy changes 
so characteristic of the dissolution and absolution of devitalized tissue, 
hematomas and foreign bodies are classified as “wet” healing. The sur- 
vival and growth of bacteria wjthm the wound leads to wound suppura- 
tion 'J’he distinction between the aseptic inflammatorj’ changes of wet 
healing and established wounij suppuration iias clinical importance in 
relation to the time rwjmred f^r uRunate wound healing The technical 
objective, however, must be for dry healing because of the greater 
hkehJiood in tin* wet wound of die gumvaJ and growth of bactena? 
contaminants 

Catgut sutures constantly give riae to an inflammatorj’ reaction 
resulting in the ids^orptioQ of the catgut. The method of absorption is 
the same as for ilcvitahzed tassuc The process of wet heaUng delays 
fibroplasia and di.sso!ves the fibrm which cements and fuses apposing 
wound edge.". Impairwl woujid JieaJing and dcliiscence with sudden 
wound mptuic oi flcluywl incisional hernias are consequences of the 
extremes of this prongs U7icn eatgut w replaced by nonahsorhabte 
sutures, there is less Ucmanil for lylic enzyunes and lessened incidence 
of hernia and wound >epurotion. /Vs has been emphasized above, how- 
«s'cr, it ^}oe^ not follou ihnr cjiy heabog is n constant accompaniment 
of ftll progranw of wound management utiUzing nonalisorbable sutures. 
The increment of advantage attributable to nonabsorbable sufnm? 
may be lost through neglect of the prmcin»/-» 

Tliefacl rDniiuns 
onatrated to pos-^esi 

this problem nssiduc /cvugiiized 

that meticulous banc- .owcicu the mcidenoc of both trivial 

and BcTious wound infection regardless of the suture material used, but 
the incidcne<=' of wound infection was always considerably less with silk 
than with i-atgirt. Jt is furtliei- apparent from these studies that the in- 
cidence of trivial infections wall) catgut after a refined technic had been 
adopted was foui timesasgreatas the incidence with silk bc/ore improve- 
ments m technic of wound handling had been cpf’''’-''”- ' 

sequent studies in many r*””""' ' 

It has even been demonst 
tion in the contaminated 


phey' 

tissue .. vnuice of suture ma- 
terial, ^ V..-IUCU there is ample juatifieatioa for the ever- 

widening use of nonabsorbable suture*? . . 

American sni^eons have been led to the adoption of nonabsorbab e 
. sutures largely by the observations of Ilabted and Whipple ®!:f 
However, there has been a constant search foi a better nonabsorba e 
suture than silk. As a result of experimental and 
extending over a period ol approvimately ten ymre, the Tutoe son 
of Surgery Ims a decided preference for the use of fine cotton suti 
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There can no longer bo anj* question that cotton incites less mflammatory 
response than silk in -wounds. The adaptability of commercially pro- 
duced cotton thread to surgical purposes represented anlcconomic 
advantage. Recentl}’, however, the variability in tensile strength of 
commercial thread has become so marked as to constitute a cause for 
annoyance. If this defect continues, it may happen that cotton sutures 
will become as * costly as silk. 

The use of nylon was attractive liccause of the high tensile strength 
of fine threads. We believe that nylon tends to stretch and that the 
integrity of the ligature and the .‘^ccuritj' of the knot are open to ques- 
tion. Further, nylon is apt to prove unsatisfactory because of the oc- 
casional occurrence of sensitivity to the plastic material. 

Undoubtedly there is less inflammatory reaction to steel or tantalum 
wire than to any other available suture materml. Even though it is 
practically inert in tissues, it has many objections. It is a bulky suture 
and difficult to handle, with the result that considerable attention mu«t 
be devotetl to the avoidance of tension. Secondary surgical interv'ention 
in a wound previously sutured with wire is open to objection bccau'^e 
of the likelihood of puncture wounds to the surgeon's gloves or fingers 
and the dulling efTect upon sharp surgical instruments in contact with 
metallic sutures. Radtopacity is another undesirable feature. It is 
believed that these objections arc contraindication.^ to the routine use of 
■wire lor all purposes but arc not sufficiently great to prevent its use for 
special purposes. 

There should be general agreement with the conclusion that the use 
of nonabsorbable sutures with strict adherence to the principles of 
gentle handling of tissues will lead to the greatest incidence of dr>’ wound 
healing. It is of some importance that for years plastic surgeons, ophthal- 
mologists and neurosurgeons have advocated the use of nonabsorbable 
sutures. Attention to these technical details is essential to success but 
will not ctfmpensate for neglect of probIcm.s in nutrition or general 
physiology important for the ultimate integrity of wound healing. It 
should be recognized that all tj^pes of sutures retain a usefulness for 
specific situations in the hands of individual surgeons. 

OUTLINE OF SUTURE PRACTICE AT TULANE 

Isolated opinions as to the indications for the use of various sutures 
are interesting topics for discussion but hardly the basis for major 
controversy. The following broad program currently guides the usual 
practice of the surgical group at Tulane. 

Closure of Abdominal 'Wounds.— Interrupted cotton sutures are used 
for the closure of all laj’ers, including the peritoneum. Everting mattress 
sutures arc preferred for the closure of the peritoneum in vertical in- 
wsions, but simple closure is usuallj' practiced in transverse incisions. 
Ihrough and through retention sutures arc not used to reinforce a layer 
closure. In general, retention sutures are used only for the closure of 
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Mounda in debilitated patients nnd after wound dchisconce \’^arious 
technics have been tried to avoid wound dehiscence, but no method of 
suture has completely obviated the problem. The most important 
factor in the current low incidence of wound dehiscence appears to have 
been the adoption of the trar^versc mcistoa in the upper abdotnen. 

Fascial Suture, — ^The many advantages of interrupted nonabsorbable 
sutures in the repair of hernias have led to their adoption for all in- 
stances of fascial approximation. This principle has found such advocacy 
that interrupted cotton sutures are noiv used routinely in the repair 
of episiotom 3 ' and penneal rclavation in the department of obstetrics 
and gj'nocologj'. It is especially desirable to liave minimal reaction and 
maximal tensile strength la sutures placed m collagenous tissues. 
Bunnell’s \virc pull-out suture for certain typos of tendon repair seem? 
especiallj’ sound The use of nonabsorbable suture? in the repair of 
bone has been largely rcplnccd by bone graft.«i, serous or plates because 
of the improved fixation afforded 

Hemostasis and Blood Vessel Anastomosis. — It is a mark of the 
accomplished technician that he resort? frequently to the u^c of the 
stitch ligature for hemo?ta.?i3. iVs ongmally urged by Halsted, it is 
frequently practical to use a stitch ligature to control a major vessel 
with fiulvjre material of small sue, incorpomtinB a mmvmum of tissue 
within the tie Blooding due to the inadvertent puncture of a blood 
v’essel is easily control!^ by a slight twist of the hemostat. An added 
advantage of the transfision witurc is the greater security of the liga- 
ture. 

In the auture method of anastomosis of major blood vessels and the 
repair of oneuiysms, ivc continue to express a preference for interrupted 
everting U-suturcs of non.'ibsorbablc matenal Adoption of a contmuoua 
suture for those purposes is a concession to rapid accomplishment of the 
union It is interesting to speculate upon the possible difficulties which 
might arise m later life if continuous nonabsorbable sutures are ustd m 
the anastomoses and shunts in young children irith cardiovascular 
anomalies 

Gastrointestinal Anastomosis. — The pccuhantics of the blood supply 
to the gastrointestinal tract from the esophagus to the rectum are 
such that an extremely strong case may be made out for the routine 
adherence to intemipted seromuscular suture? Peritonitis does not 
result from the transient fecal contamination incident to the openmg 
of the properly prepared bowel, but from the persistent fistuloi^ leaK 
at the anastomotic site With precise serosal apposition and avoidance 
of hemostatic continuous sutures in the outer layers, the immedia e 
and continued integrity of the anastomosis is assured. The same p^- 
ciple may be extended to the use of interrupted sutures 
approximation. This seems to us to be especially important m 
esophagus and colon. The more widespread adoption of open anastom 
since the advent of chemotherapy fends itself to the 
interrupt^ suture technic and as less apt to result in stricture or s 
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In general, we have adopted the principle of obtaining a broad area of 
serous approximation by two layers of sutures in all anastomoses bclou* 
the diaphragm. In esophagogastrie anastomosis a third outer layer of 
sutures is frequently placed to align and position the segments for 
anastomosis, hut the actual anastomosis is accomplished with two layers 
of interrupted nonabsorbable sutures. 

Sutures in Lobectomy and Pneumonectomy.— For many }'cars it 
was customarj- to repair the visceral pleura with atraumatic catgut 
sutures placed through the pleura and some of the lung substance. 
.\s a matter of con%’enicncc in the courve of operation, the ever available 
interrupted cotton suture has gradually replaced the catgut suture. 
Xo difficulties have been encountered in consequence of this change. 
Tlic bronchus is closed routinely with cotton .sutures. 

One Ugatuce and two stitch natures arc used for the management 
of the hilar vc'sels. The stitch ligatures are introduced proximal to the 
simple ligature and at cross axes to each other. 

Catgut Sutures. — Tlie greatest usefulness of catgut is for the apposi- 
tion of mucous surfaces vvithin the gastrointestinal tract. If hemostatic 
continuous sutures arc to be emploj'cd for gastroenterostomy, aa is 
often done in the mucosal layer, catgut avoids the pendulous loop in the 
lumen of the bowel. It is also felt that a mucosal layer of catgut and a 
seromuscular layerof nonabsorbable sutures’ insures the intraluminal evac- 
uation of perianastomotic absccs.s between the two layers of sutures. 

In deep sutures tlirough parenchjinatous organs, such as the liver or 
breast, catgut U preferred. A considerable length of suture is involved 
and the tlangcr of permanent ductal constriction is to he avoided. 

Catgut is also used for the repair of mucous membranes m the urinaiy 
bladder and the biliaiy' tract whore it is feared concretions might form 
about a nonabsorbable suture. 

Closure of Wounds with Dead Space or Contamination.-— It is com- 
monly stated that drains should not he used in association with non- 
absorbable sutures. We find this to be a fallacy and do not hesitate to 
drain a wound closed with cotton, nor >s there any hesitancy to dose 
a contaminated wound with cotton sutures. It occasionally happens 
that cotton sutures will be extruded or require removal with a crochet 
hook. This is also true of catgut and silk. 

Repair of Large Defects. — The use of autogenous grafts of fascia, as 
introcluced by Gallic, has continued to find occasional usr^e for the 
repair of fascial defects. It is quite apparent that this material is inert 
and remains as a living suture. As much cannot be said for the prepared 
fascia of animal origin which is prcseix'Cd in various solutions. More 
recently there has been an attempt to utilize buried skin grafts for 
similar purpose. It is too early to assess the virtue of buried skin grafts, 
but an interesting extension of the concept has been enunciated for the 
closure of tracheal wounds. FurUier experience and observation is 
necessary for the final appraisal of these procedures. The substitution of 
tantalum mesh for Teparative procedures in large fascial defects has 
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been advocated, but has not become univerbally practiced as yet. In 
general, the use of largo quantities of foreign body in a 'wound is to be 
deplored. 


SUMMARY 

Some of the more important concepts governing the eiioice and 
technic of sutures and ligatures have bcin discussed. Current practices 
m the sm^ieal department of Tolane University have been reviewed. 



SOME MODERN GENERAL ANESTHESIA TECHNICS 

IlOGEii \Y. Uidli-:y, M.D.,* and Jons S. Lxjndy, M.D.t 

Many interesting clningcs in ancsthesiologj' have taken place in l!ic 
last decade. Only one outstanding agent, curare, has been added to the 
anesthetist’s armamentarium. However, new concept.s and technics for 
utilizing anesthetic agents have been developed. It is the purpose of 
this paper to outline certain acceptable technics with some anesthetic 
agents. 

Dosage of other than anesthetic drugs is fairly well established. Tlie 
dose of most drugs is usually given in units, grains or milligrams. This 
is not the case with substances used for anesthesia. Here one is dealing 
ivith very potent drugs in doso.s which would easily be lethal if proper 
precautions were not taken. The only available indicator of proper 
dosage is the patient himself. As each patient differs in his reaction to 
an anesthetic drug, modem ancsthosiologic technics must embody careful 
control of each anesthetic proceihirc according to the patient’s response. 

PRESENT TECHNICS WITH PENTOTHAL SODIUM 

A largo volume of literature cxi.sts concerning tins drug. Intravenous 
anesthesia has become synonjTuous with pcntothal sodium. Its scope of 
usefulness has become over broader, and it bas a range of usefulness 
which was not dreamed of a decade ago. It has become the agent of 
choice in a large number of surgical operations It is used for many pro- 
cedures in general surgery, orthopedics, gynecology', plastic surgery and 
urology. It IS used extensively but not .accepted universally for certain 
procedures in neurosurgery, tlioracic suigcry, proctology' and pediatric 
surgery. 

In the effort to make the anesthetic experience less terrifying and 
more comfortable to the patient, pcntothal sodium has been used as an 
induction agent for inhalation anesthesia. This use is entirely’ justified, 
for one can accomplish a pleasant induction with no increased risk to 
the patient and with very little inconvenience to the anesthetist. This 
has its most useful application in children and in patients who are appre- 
hensive and upset. In the adult the usual dose of pentothal sodium when 
preoperative medication includes morphine is 4 to 8 cc. of a 2.5 per cent 
solution. The purpose here is not to induce anesthesia with the pentothal 
sodium, but to obtain amnesia so that the patient docs not remember 
the mask being placed on his face. A dose larger than necessary' to 

From the Section on Anesthesiologjs Mayo Clinic, Rochester, Minnesota. 

’Consulting Physician, Section on Anesthesiology, Mayo Clinic. Rochester, 
Minnesota. 

tProfessor of Anesthesiology, Mayo Foundation for Medical Education and 
Uesearch, Graduate School, University of Minnesota; Head of Section on An- 
esthesiology, Mayo Clinic, Rochester, Minnesota. 


1571 



ROGER W. BJDLBV, JOHN S. LUNt>V 


1^72 




accomplislj amnesia may cause degression of respiration with delay of 
the induction of anesthesia. 

With local or regional anesthesia, pentothal sodium may bo equally 
useful as a supplement in the e\'CDt that the patient is verj' restless and 
uncooperative. There are limitations here «hen the local anesthetic 
agent is given because a general anesthetic agent may be contraindicated 
in the presence of a full stomach. Also one should not use pcntothal 
sodium when the local anesthetic agent is chosen because the operation 
13 intimately concerned uith the aini-ay os in laryngectomy or phaiyngo- 
esophagcal diverticulectomy 

The best results are obtained with pcntothal sodium when it is com- 
bined with inlialation of a mixture of nitrous oxide and oxygen. This 
may be m the ratio of S0;50, or higher concentrations of nitrous oxide 
may be used. It is important to realize that with higher concentrations 
of nitrous oxide total flow rates must be kept relatively' high, Crowley 
and his associates* have shown that the inspired oxygen will fall below 
20 per coni if an 80:20 nitrous o.xide-oxygen mixture is metered into 
the machine m amounts loss than C liters per minute. A total flow of 2 
htera per mmute is very eatisfactorj' if the ratio is 50.50. In this latter 
case one provides an analgesic mixture which contains more than 40 
per cent oxygen 

There is a group of surgical procedures for which minima! anesthesia 
with pcntothal sodium may be very' suitable Included under this heading 
are encephalography, certain types of dental extractions and changing 
painful dre'Wingv The usual performance of encephalography with the 
patient under local anesthesia is associated with severe pain in the head 
A small amount of pentotha! sodmm (appro-xim-stely 500 mg.) gh'es 
complete relief u hile the procedure is carried out A dental extraction 
which will be short may be done with the patient under pentothal 
sodmm anesthesia Frequently G to 8 cc of a 2 5 per cent solution (150 
to 200 mg.) wd) give sufficient analgesia for an e.xlraction. \i sevtial 
teeth are to be removed and pcntotiial sodium is to bo U'wl, the pro- 
cedure of choice is to cocainize and intubate the patient 

Precautions. — The most important principle in pcntothal sodium 
anesthesia is to maintain a completely free and unobstructed airway. 
Alost of the contraindications and complications involve this factor. 
Respiratory’ depression must be avoided and the means of treating i 
effectively, that is, oxygen and apparatus to render efficient artincia 
respiration, must he at hand Obviously it is more satisfactory to avoi 


an overdose than to have to treat it 
Anoxia dunng deep pentotfial sodium anesthesia is likely to occu 
despite a patent ainvay. Etsten and Hiinwich* found a definite to 
fall in the arterial oxygen saturation in ten of eleven 
Bubiected to deep (stage III, plmics 1 to 3 ) pentothal sodium J 

Their data verify the well established dinical finding that an . 
tension of o.xygen should be administered to each patient un 
pentothal sodium anesthesia. Further, if one can supplement pe 
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sodium \Yith a nitrous oxide-oxj’gen mixture and thus reduce the amount 
of respiratorj' depression by giv’ing less pentothal sodium, the hazard 
of anoxia is decreased. As with any anesthetic agent, the immediato 
postoperative period following pcntotlial sodium anesthesia is a critical 
time for the patient. He may be removed fmm an oxj’gen-enriched atmos- 
phere to room air in a depressed condition. Further, anoxia may 
result from imperfections in the airway. These dangers may be mini- 
mized if the patient is responding before leaving the operating room. 
If he is not, he must be watched carefully until he responds and respira- 
tions arc normal. 


CURARE 

Curare is truly a remarkable drug, i^cw drugs usually follow a pattern 
when they are introduced: first a wave of enthusiasm, then one of 
reaction and finally an adjustment to their proper place in the physician’s 
armamentarium. Curare is still in the first stage and is being used 
enthusiastically by many anesthesiologists. However, it has been used 


TABLE I 

iNCnEASINO USB OF CORARB AT THE MaTO ClINIC 

FROM 1943 THRooon 1948 


Year 

Cases 

1943 

2S 

1944 

4S 

1945 

430 

1946. 

754 

1947. 

1,402 

3.431 

1948 


with such e-xcellent results in so many cases that its important position 
in anesthesiology is assured. On the other hand, it is true that it is not 
wholly" accepted by some who consider it the crutch of the less expert. 
Table 1 illustrates the increase in the number of cases for which it has 
been used at the Mayo Clinic.*^ 

Curare exerts its effect by blocking the Ixatisimssion of impulses at 
the myoneural junction. Its action on the central nen.'ous system is not 
completely elucidated. However, when used during anesthesia, it must 
be given only for muscular relaxation. An anesthetic agent per se must 
be relied upon to obliterate painful stimuli from the operative site. 

Curare and Cyclopropane. — Griffith and Johnson'^ first reported on 
the use of curare in conjunction with cyclopropane. This remains a verj’ 
useful combination. A satisfactory technic for intra-abdominal operations 
is to anesthetize the patient with q^clopropane to plane 1 or 2, then in- 
tubate him, and give the curare five minutes before the peritoneum is 
opened. The dose of curare depends upon the operation, the physical 
state of the patient and his response. It is wise to give 1 cc. of d-tubo- 
curarine cliloride (3 mg. per cc.) and observe its effect. Usually 4 to 5 
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cc. will give excellent relaxation. In approximately thirt 5 ’' minutes, 
more curare may be needed. A smaller dose (3 to 9 mg.) ^^ill give good 
relaxation. If the procedure ia long, an additional 1 to 3 cc. (3 to 9 mg ) 
may be necessaiy’ to permit a strong closure of the peritoneum and fascia. 
It 13 desirable to give the last dose of curare thirty minutes before the 
patient is removed from the operating room, for then the patient vrili 
quicklj' respond and the danger of senous postoperative anoxia ivill be 
avoidctl. The change from inspiring a high oxygen tension to room air 
and beii^ less closely observed sets the stage for a serious accident if a 
patient feaiea the operating room in a depressed state. 

Curare and Pentothal Sodium. — This has become a iridely used 
combination because of the «ise of induction and the comfort to the 
patient, ('urare provides the relaxation, the lack of nhtch is the out- 
standing disadvantage of {lentothal sodium anesthesia. Baird and his 
associate*.’ recommend the use of pentotlial sodium and d-tubocurarine 
chloride mixed m the same syringe (500 mg. of pentothal sodium and 
15 mg. of d-tubocuranne ehlonde m 20 cc.). We prefer to administer 
these til o agents in separate .syringes For many proccfliircs, and for some 
patients, satisfuctorj' relaxation may be obtained with a relatively small 
dose of eurnre. If the two drugs are given separately, cumre is admims- 
tored only when n is needed for relaxation. 

Nitrous oxide and oxx'geQ m a 50:50 mixture are iidmmisteted 
routinely with the pentothal sodium and curare If the operation is long 
or calls for maximal relaxation, or if the patient is to be in Trendelenburg 
position, an eiirtotrarhoal tube n rccommcndwl Thu% a patent ainvay 
IS Bssurwl and if. as frequently occurs, moderate to severe tospinitory 
depression dex’elops, the tidal exchange can be maintained by Inter- 
mittent manual pres'?ure on the bag 

Curare and Ether.— It is rare that one intentionally combines curare 
and ether Hum over, if rclaxatioo is unsatisfactory in certain cases, a 
small dose of curare (3to9mg ofd-tubocurarmechlondelii'illconverta 
difficult situation into a vcr>' satisfactory one. The curare must be given 
cautiously or an ovenlose will result Ether itself has curanform proper- 
ties, nnd prolonged respiratory depression may result if an overdose of 
curare is given Furthermore the smaller do?e of curare iviIJ accomplish 
equally good relaxation ivith ether as will a larger dose xvith cyclopropane 
or pentothal sodium. 

Curare and Nitrous Oxide.— -Hanroun and her associates have 
reported good results with curare and nitrous oxide anesthesia m ' 
eight patients The mai^in between an adequate and an insunjcien 
inspired ox 3 'gen tension is so slight ttiat this combination is not rccom- 


nended. . 

Uses. — Curare has found sts greatest field of usefulness in pro » 
elaxation for tntra-abdominal operations. If it is administereu ® , 
icient dosage, the relaxation is as good as, or better than, 

3 y spinal anesthesia. The absence of the nausea ^ ..^di- 

sionally occur with spinal anesth^ makes for excelient working 
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tions. The svirgcon is able to obtain excellent exposure ami presumably 
can do a better job in less time than he could when only mediocre relaxa- 
tion was provided. Pelvic operations by the abdominal route are likewbe 
facilitated uhen excellent relaxation is provided by cunire. For pelvic 
operations from below, curare may be quite useful, especially in closing 
the peritoneum after vaginal h>'stercctomy. Here the dose is usually 
minimal (3 to 9 mg. of d-tubocurarine chloride). 

In vrologic surgery, curare is also helpful. It provides good relaxation 
for operations on the kidnej’S and ureters. It apparently Ijas no deleteri- 
ous elTcct on renal function. 

Curare has a definite field of usefulness in orthopedic surgery. Tiie 
relaxation in eases in which pentothal sodium is used maj’ be greatl}' 
improved by administering a moderate do«:c of cumre. 

Curare is invading the field of thoracic s^irgery, and here it is usually 
combined with pentothal sodium. The purpose of tlie curare is to quiet 
the respirator}’ movements. lienee, when it is used under these circum- 
stances, augmentation of the rcspinitoiy exchange is important to insure 
oxygenation and removal of excess carbon dioxide. Furthermore, the 
dose of cumre is smaller than that for intra-abdominal operations. 

At tlie Mayo Clinic a combination of pcntotlial sodium and curare is 
used for direct suspension laryngoscopy. Tlie larjmx is cocainized with 
the patient awake. It is important to have the p.aticnt well anesthetized 
before the surgeon begins his manipulations, or larj’ngospasm Is likely 
to occur. Oxygon is insufilatcd by means of a nasopliaiyngeal airway. 
As the curare takes longer than the pentothal sodmm to exert its effect, 
2 to 3 cc. (G to 9 mg. of il-tvibocuranne chloride) is given slowly. Then 
the patient is anesthetized with the pentothal sodmm. A fairly largo 
dose is required. Frequently 1 or 1 .5 gm. of pentothal sodium is neccssar}- 
for a relatively short procedure. A total of 5 cc. of curare is often neccs- 
sar}'. The critical aspect of this technic is that the patient is frequently 
depressed almost to the point of apnea before the surgeon can work 
without troublesome larj’ngcal reflexes. Also one cannot give as efficient 
artificial respiration as when he has an airtight fit between the anesthesia 
apparatus and the patient’s lungs. Hence the anesthetic agent must be 
administered verj’ judiciously. The redeeming features are that the 
procedure is short, and the operating surgeon can hold the cords open 
and oxj'gen can be insufflated into the lungs. 

A similar technic is employed for csophagoscopy. Preliminao* medica- 
tion includes moderate doses of morphine, atropine or pentobarbital 
sodium. Here the dose of curare and pentothal sodium is relatively 
small. A total of 9 mg. (3 mg. per cc.) of d-tubocurarine chloride and 500 
to 750 mg. of pentothal sodium is usually adequate. Again the examina- 
tion is usually short and probably the greatest hazard lies in the im- 
medbte postoperative period. The patient must be watched closely 
until he is breathing normall}' and can be easily aroused. 

One of the first clinical uses for curare was to control convulsions 
produced by electroshock therapy. It still is very useful for this purpose. 
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A relativeJy large tio^e (5 to 7 cc. Il5 to 21 mg. of d-tubocurarine cblo- 
ndo)) H necessary. UsUviUyS to JOec, of 2^ per cent solution of pentotha! 
vodiujn 13 U'=!eil to produce mnnesia for the entire cKperience. 

Precautions. — The rules for administering curare with safety are 
simple; yet thej’ must be adhered to. Curare la an e.Ntremely potent 
substance anti must be treated as such. 

I. Each patient mii&t Ixi treated as an individual case. The effective 
flose for one patient may lie a lo.MC do-se for the next 

2 Rcspiratoiy depres'^jon or paralysw must he expected m certain 
ca«es Hence it shouhl be prepateil for in everj' patient. The roean^ 
of administering cfTeotive artificial respiration must be at hand at ail 
times Reliance mu%t be placod upon efficient artificial respiration rather 
than on prostigmmi' or any analeptic ilrug. If one anticipates respira- 
tory depression in a given ca^, an endotracheal tube should be inserted 
to permit easy artificial wniiJation without dilating the stomach. 

3 Rcspimtoiy* depression m the immediate postoperative period is 
an ail loo frequent and senous complication of curare anc.sthcsia, partie- 
uJarly of the pcntothal sodium-curorc combination. This j> best avoided 
by the chscnminatc administration of both the pentotha) sodium and 
curare line should nnlicipatc the nccil for rolaxalion for closing the 
peritoneum and give the curare so that its effect will bo gone by the 
time the operation is completed. Likewise little or no pcntothal sodium 
should be gis-en for the last fifteen to thirty minutes of the operation, 
and ancsthr.sia should be maintained by means of nitrous o.xide and 


ovygen 

4 Cunvre must not be given to a patient who ha-s myasthenia gravis, 
^ and It probahlj' should not be given to a patient who has asthma. 

o Xeoitigmmc m doses of I to 3 mg. (2 to 0 cc. of 1:2000 solution) 
Vila an effective antKlote But agam it ^lould be used only as a eupplcment 
'^fo efficient o.xygon therapy. 

Complications. — 1 Respiratoty’ depression and p.anilysi3 after use 


of curare ha\e already been discussctl 
2. Dronchospa&m has been reported m animals* and m humans.*- - 
Althougii most authors report the possibility of bronchospasm, it is an 
mfrequent complication and there have been no reported de.aths. 

3 Hj-potonsion is likewise reported as occurring in animals and 
humans However, it likewise is not a frequent or serious complication 


if due to the curare per sc . , 

4. Idiosjmcrasy has been reported One patient could not be revue 
after administration of 15 mg of d-tubocurarine chloride and 0 5 gm. 
of thiopentone, and another patient went into respiratory 
three occasions after receii'ing doses of d-tubocurarine chloride of 0 mg , 
5 mg. anti 2 mg. respectively ,• This latter patient showed no evidence 


01 myasinenia gravis. 

5. Patients who have myasthenia gravis tolerate small dOMS or 
very poorly. K curare is madvertenUy administered to siich a pa 'en , 
immediate and aggressive rcsuscitative measures must be ins i u 
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ENDOTRACHEAL ANESTHESIA 

The use of the endotracheal tube is becoming increasingly important 
in modem ancsllicflia. It is usc<l mainly with agents i)roducing general 
anestliesia, including cyclopropane, ether, pentotha! sodium and the 
pcntothal sodium-curare combination. Endotracheal anesthesia ofTcrs 
several significant advantages to sui^con, anesthesiologist and patient 
and involves few disadvantages. The foremost advantage is the removal 
of Tcspitalory obsiructiou. It cau relieve or prevent lar^’ngospasm, and 
provides a completely patent and unobstructed air\vay from the anes- 
thesia apparatus to the trachea. Respiratory' effort, which is frequently 
strenuous, is now easy, and respirations are smooth and quiet. Of almost 
equal importance is the role of the endotracheal tube in preventing the 
aspiration of stomach contents during gastric operations or blood and 
debris during operations on the mouth, nose or sinuses. 

In operations around the neck, face and head, not only is respiration 
unobstructed but the anesthetist is removed from the operative field. 
He is out of the surgeon’s way and the latter no longer mns the risk of 
‘asphj’xiating his patient to accomplish his operative objective. Further, 
an aseptic technic is more feasible when the anc»tlictist is out of the 
operative field. Another advantage is that in the event tliat pus, blood or 
mucus accumulates in the tracheobronchial tree, it may be readily 
removed by aspiration tlirough a catheter passed down the cndotruclieal 
tube. Furthermore, the position of the patient may make tlio main- 
tenance of a patent ainvay difficult. The prone position is a frequent 
offender, and the use of an endotracheal tube in such cases is strongly 
recommended. If it is anticlp.ated that respirations will be greatly 
depressed, as frequently happens in using cyclopropane, cyclopropane 
and curare, ether and curare, or pentothal sodium and curare, an 
endotracheal tube will permit cosy atigmentation of respiration. Hence, 
another important advantage of an endotracheal tube is tliat it permits 
easy, efficient and effective artificial respiration. During operations on 
the open thorax, an endotracheal tube is essential in permitting easy 
control of the intrapulmonarj’ pressure. 

The disadvantages of endotracheal anesthesia are few. The most 
important one may be that the person attempting intubation is not 
skilled and experienced with the method. The number of difficult intu- 
bations and complications will vary' inversely' as the skill of the anes- 
thesiologist. Trauma to the lips, teeth, tongue, phaiymx and larynx can 
be avoided with good judgment and gentleness. Easy and nontraumatic 
intubation depends on relatively deep anesthesia. Hence the induction 
is likely to be longer than when endotracheal anesthesia is not used. 
Gillespie,* in his excellent monograph Endotracheal Anesthesia, stated: 
“The incidence of minor respiratory complications, such as cough or a 
slight soreness of the pharj'nx, is probably somewhat higher after 
endotracheal anesthesia.” 

Technic. — Intubation may be performed by the oral or the nasal 
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route depending upon the suiTgical requirements, the local conditions 
in the patient’s nose and m&uth and the preference of the anesthetist 
In general, we prefer the oral route but we use nasal intubation when 
it ia ppecifically indicated. Only rarely is it impossible to pass an endo- 
tracheal tube bj' the ora! route, and then one does not wony about 
complications from nasal intubation except recurrent sinusitis. The 
most serious complication is ecvcrc cpistaxia concomitant ivith a failuie 
to pa.ss the tube through the cords. Tlic technic of oral and nasal intuha- 
tion 13 described in dotaU by both Gillespie* and Lundy.*® The latter 
described the insertion of the hrj'ngoscope as follmis- 


The anesthetist ehoutd remove the piitow from under the patient's head sod 
tdl the chin upward nith his right hand According to Magill’s technic, a strip 
of adhesive plaster J bj 2 inches (25 by &«»>»» applied to the upper central in- 
cisor teeth and tho upper lip The adheatvc plaster to some exteRt protects the 
teeth against roughening by the metal blade of the larj ngoscope. The anesthetist 
uses hi3 right thumb to roll back the patient's lower hp The tip of the blade of 
the lari ngoscope is inserted over the loner teeth without pinching the tongue If 
the head is not sufliciently tilted, to assistant may iiH it The anesthetist must 
see to it that the patient's tongue is forced over into the left side of the patient’s 
zaoutb or into the left cheek In this way the longue wili Jie behind the laryago- 
scope BO that it does not interfere with the anesthetist's vision Ko strong effort 
13 to be made w ith the left hand »o attempting to force the introduction of the 
laryngoscope It is simply held firmly enough so that its direction can be main- 
tained and so that it will stay fairly well in the midiine of the mouth or to the 
right of the midliue This may b& difficult nben there arc no teeth unless a largo 
blade is used In general, however, it is easier to insert a laryngoscope when 
(here are no teeth than when there are teeth 

When a fifth of the blade ha« been introduced, the anesthetist should see w 
it that the tip of the larj-ngoscopc is not sinking the hard palate This injury 
must be snoided and can ^ faj' the anoslhetist’a introducing bis right thiunb 
j so that it rests on tbo lops of the back teeth m the right lower jaw The fingers of 
' the Bnestbctist's right hand then sbould grasp the right low er border of the man- 
dible With the jaw gripped in this fashiori it is drawn up so that the jawis pulled 
up onto the larj at the same time the aueathctist’s left hand forces 

the laryngoscope into the pharyni. This motion is similar to that of a mao drawing 
on a Tiding boot, that is, he partly pulls the boot on and partly shoves his too 
into tt 

When the blade of the laryngoscope la inserted a half to two-thirds its leng , 
the base <if the tongue then can be seen, and ncct the epiglottis is visuahred (r ^ 
5*2, o) At this point the anesthetist must reach ft bit further and ^ 

laryngoscope toward but not agrainst the postenor wall of the oropharynx { ig 
572, h andh'>, and then bnngit forward bo that the Up of the laryngM^i^f^ 
presg the epiglottis against the luse of the tongue and leave the vocal cor e 
posed to view (Fig 372. c) In tho introduction of the Urj-ngoscope into the 
it IS important that the anesthetist docs not look through the j 

the time, he should also look occa«onalIy at tho lips, teeth, tongue, pa a 


so forth at intervals , _ . i.„i,i= fh,. ia- 

As soon as the vocal cords are brought into view the anesthetist ho j 

rviigoscope firmly with the left hand but does not pr> against the i,nn- 

mcisor teeth {or he may pry gently in difficult CAsesf Rather, he li 
goacope upward without bearing much *«ight on the patient 8 “PP 
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The tube is inserted through or just to the right of the larj’ngoscope 
blade and should pass the cords when they are in tlie phase of greatest 
abduction (Fig. 573). 

Nasal intubation may be done blindly or by use of the larj’ugoscope 
to visualize the location of the endotracheal tube and guide it toward 
the opening of the glottis. Blind intubation is performed by having 
the patient in a supine position willi the face parallel to the floor. The 
tube is inserted gently but firmly until it lies in the phar^mx. As it is 
advanced toward the larj'nx one listens for the tubular breathing. If 
this continues until the full length of the tube is inside tlie patient’.s 
nose, the tube is probabb’ in the trachea. One can substantiate this by 



Fig. 572.— ^ ^ 

laryngoscope . • 

ate auppotted 

laryngoscope is advanced from a without depressing the blade as in b; c, the epi- 
glottis is picked up by the laryngoscope which then supports it, the tongue and 
the jaw so that the right hand is released. (From Lundy, J. S • Clinical Anesthe- 
sia: a Manual of Clinical Anesthesiology.) 

closing the mouth and opposite nostril. If respiration is still unimpeded 
through the endotracheal tube, the tube is in the trachea. If the tube 

does not enter * i. .... - _ _ 

pharjTix and i ' ’ rnal 

portion of the 1 . . ' ^ itire 

pharynx is explored quickly with several gentle thrusts. The patient’s 
head may be turned from one side to the other. Also flexion of the 
head may facilitate intubation. If, after several gentle attempts, intuba- 
tion is not accomplished, one should insert a laryngoscope and pass the 
tube under direct vision. A Ala^U forceps may be of great assistance 
m directing the tube into the trachea (Fig. 574). 
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Fig. 574. — Nasal intubation A , The tube through the nose and a, nasopharynx , 
and extending well into b, the oropharynx; c, vocal cords, d, trachea. B, Tip of 
tube enters e, esophagus C, }, I>aryngoBcope, inserted through opened mouth, 
exposes c, glottis and vocal cords, by moving g, the tongue, and h, epiglottis, out 
of the line of vision; i, Magill forceps grasps the tube near the tip and directs it 
into the glottis. D, Nasal tube properly placed, the tip lying midway between the 
glottis and the bifurcation of the trachea. (From Lundy, J. S.: Clinical Anesthe- 
sia: a Manual of Clinical Anesthesiology.) 
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SUMMARY 

Present-day anesthesia requires tliat each patient be treated as an 
individual and that dosage of the Mvesthctic drug be regulated to the 
patient’s response. Pentothal sodium anesthesia is becoming steadily 
better liked by patients, anesthesiologists and surgeons. Its field of 
usefulness is broadening. Curare is becoming firmly established as an 
agent to provide excellent relaxation whether it is used with pentothal 
sodium, cyclopropane, ether or nitrous oxide. Depression of resptm- 
tion is the main complication resulting from the use of curare. It must 
be cfTectivclj’ treated both during anesthesia and in the immediate 
postoperative period. Administration of the anesthetic agent tlirough 
an endotracheal tube is one of the most useful technics of modern 
anesthesia. It provides for a completely patent ainvay regardless of site 
of operation, position of the patient or anesthetic method used. It 
further permits the easy aspiration of mucus, blood or pus from the 
trachea and main bronchi, as ncll as control of intrapulwonarj' pressure 
and a means of cflicient artificial respiration. 
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FLUID AND ELECTROLYTE BALANCE 

I. S. Ravdin, M.D., F.A.C5.* and James Walker, Jn., M.D.f 

This paper presents a brief outline of some fundamental concepts of 
fluid and electrolyte balance, with a more detailed discussion of the 
aberrations encountered in the care of the sHi^fcal patient. Therapeutic 
correction of salt and water deficits is related to the patterns of im- 
balance commonly obsen'cd, with special consideration of the role of 
the potassium ion. 

EXCHANGES OF SALT AND WATER IN THE NORMAL HUMAN ORGANISM 

The normally functioning organism maintains its water and salt 
content with apparent ease. The kidney is an organ of prime impor- 
tance in conserving water and salt, c.xcreting excesses of cither one or 
both as necessarj', and m ridding the body of metabolic end products. 

The skin and respiratory tract exchange respectable amounts of 
water with the external environment in the process of heat dissipation. 
About 25 per cent of tlic body heat is removed in the evaporation of 
0.5 to 1 liter of water from the skin each day.*- * The remainder of 
the heat load is transmitted to the circumambient areas through radia- 
tion, conduction and convection. An addition 0.5 to 1 liter of water is 
put out each day in the expired air.*** 

Within itself the oi^anism rapidly exchanges large volumes of solu- 
tions in the process of alimentation, transfer of metabolites and in the 
metabolic processes per se.*-’’ Tlic available fluid is used most efficiently. 
About 7 liters of secretion arc put out by the digestive tract, and an 
additional 2 liters of water taken in with the diet, yet the feces contain 
only 100 to 150 ml. of water. The renal glomeruli filter roughly ICO 
liters of fluid into the tubules each day, the tubules retain the necessarj' 
water and salt, excrete some additional unwanted ions, and the daily 
urine output is only COO to 1500 ml. 

Maintenance of this dynamic equilibrium is dependent upon an 
adequate circulation. The term normal blood volume implies not only 
adequate hemoglobin for oxygen transport, but also adequate water, 
protein colloids and crj'stalloids to assure correct osmotic gradients. 
The plasma volume is dependent upon the reservoir of extracellular 
fluid, among other things.*"*** This space between the cells must be filled 
with water and salts maintaining pressure relationships, “buffering” 

From the Department of Surgery and the Harrison Dep.-irtment of Surgical 
Research, School of Medicine, University of Pennsylvania. 
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sudden changes m circulating fluid and exchanging substances with 
the intracellular space. 

The Importance of the Plasma Protein.— Protein stores in general, 
and plasma proteins e-specially, have a vital role in establishing these 
normal relationships between intracellular and e.xtracellular fluid." 
Jones and Eaton firet reported that hj-poproteinemic edema in patients 
undergoing gastro-inteatinal sui^erj'. especially operations involving 
the stomach and <luodenum, is not uncommon.” It is not enough that 
the plasma protein in the circulation be adequate, for there must also 
be sufficient rcser\-c stores of protein. Protein and electrolyte are com- 
plexly interdependent, protein being the major contributor to the os- 
motic pressure of the blood stream, and electrolyte, specifically the 
cation potassium, being the acti\ e agent in intracellular tonicity. Protein 
as well as crj-stalloid circulates outside the vascular channels and 
appears m the collected Ijinph.*®* 

The Regulation of Electrolyte. — The body economy retains salt, 
depending on the dictarj* intake The healthy person in a temperate 
climate puts out about 3 5 to 12 gra. of sodium chloride daily.” Urine 
contains 3 to 11 gm , feces 03 gm., and about 02 to 0.4 gm. passes 
through the skin. If, however, the person is taking a diet very low in 
salt, only romutc amounts will appear in the urine. The dietarj* intake 
of salt lias little or no influence on the salt loss through skin. 

Tlie skin is not primarily on e-xcrctoo' organ. At moderate tempera- 
tures water pMSCs through by osmosis, and under these conditions the 
loss of salt is usually less tlian 0 5 gm. per day.” At high temperature 
sweat glands become active, pouring out a hj-potonic solution con- 
taining sodium chloride, potassium, lactic acid and sulfates.”' ” Under 
extreme conditions the sodium chloride loss may be as high as 2 gm. on 
liour temporarily.”- ” Houever, ma.ximal sweating o\*er long periodi 
of time leads to adaptation of the sweat glands with production of a 
fluid containing about 15 milhcquivalcnts of sodium chloride per liter 
and having a pK of not less than 

The Work of the Kidney. — Data accumulated by Richards, 
I’itts et al and many others have thrown light on the crucial work 
of the kidney The tubules selectively reabsorb needed ions.** They abo 
excrete acid, yet conserve fixed base, by adjustment of the phosphate 
and carbonate bufTers. Wien more acid is excreted, tubular cells a^ 
apparently able to replace fixed base with hydrogen ion, probably ob- 
tained from carbonic acitl The tubules can also secrete potaMium. 
among other substances.® The glomerular filtration rate and tubu ar 
function are circulationHlcpendent. Shunts exist within the kidney J 


which blood is selectively directed. _ ... 

Craik** hasi obtained evidence of two types of circulation ".‘’j ' 
control of water e.xcretion may be achieved. He ®“P®****^' 

placed nephrons m the outer two-thirds of the cortex with 
limbs in Henle’s loop. This portion is supplied by a vascular bf^ 
high peripheral resistance. In contrast, deep m the inner one-t 
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the cortex are nephrons with long loops and a vascular bed of low 
peripheral resistance. This might permit the kidney to expose glomerular 
filtrate to a short or long absorbing surface, depending upon whether 
a small amount or a large amount of water is to be returned to the 
body. 


EXCHANGE UNDER PATHOLOGIC CONDITIONS 

Alterations from the normal pattern appear because of the loss of 
abnormally large amounts of water, or of salt, or of both water and 
salt in varj’ing proportions.*® 

Dehydration and Salt Depletion. — ‘The need for replacement of salt 
solution in the case of the dehydrated patient is well recognized**"**; 
however, there is more to this particular problem than simple replace- 
ment. In addition to a water deficiency there is an electrolyte deficiency 
whose pattern depends upon the route by which the patient has lost 
abnormal amounts of fluid. The patient with pyloric obstruction will 
vomit gastric juice, thus losing more chloride than sodium, and becoming 
alkalotic.” A jejunal fistula discharges fluid that resembles mammalian 
Ringer’s solution in its electrolyte composition. A patient with sucli 
a lesion will show dehydration and salt depletion in the form of a reduc- 
tion in total salt concentration.**"** Loss of fluid low in the ileum, where 
secretions contain an excess of bicarbonate over chloride, will result in 
acidosis as well as dehydration. 

It is illuminating to consider for a moment single tjT)es of depletion 
patterns, which can be produced experimentally. More detailed obsen’a- 
tions of fluid and ion shifts can be made in these cases, whereas it is not 
practical or actually impossible clinically. The work of Danowski, 
Winkler, Elkinton et al.** contains examples of various tj^pes of deple- 
tion produced in dogs. 

Acute sodium chloride depletion can be produced by intraperitoncal 
injection of 5 per cent glucose in w’ater and subsequent withdrawal 
after equilibration of the intraperitoncal fluid with the body fluids. 
Under such circumstances the plasma volume, blood pressure and cardiac 
output drop. Plasma protein begins to leave the circulation, and the 
animal goes into peripheral circulatorj' collapse. 

On the other hand an intravenous injection of a solution consisting of 
10 per cent urea and 5 per cent glucose in w’ater produces a copious 
diuresis, and as a result acute water deprivation. These animals, while 
sustaining a drop in extracellular fluid equal in amount to that seen in 
the first experiment, do not suffer peripheral vascular collapse. Although 
plasma volume, arterial blood pressure and cardiac output decrease 
somewhat, little or no plasma protein disappears from the circulation. 

Animals suffering from salt depletion respond promptly to the ad- 
ministration of intravenous saline, whereas the administration of 5 per 
cent glucose in w’ater causes dilution of body fluids and eventual death 
from water intoxication, if the fluid administration is continued." The 
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beneficial offoefs of saline arc attributable in part to the return of pro- 
(cin to the circulation. If saltnleplctcd animals are treated with small 
amounts of colloid and just enough salt to replace but 25 per cent of the 
initial salt deficit, thei’improvojust as rapidly as ifpven the full amount 
of saline alone/- 


Dogs depleted of both salt and water go into a very rapid collapse.” 

Irreversible Tissue Damage following Dehydration.— Depletions of 
small amount and brief duration do not matcriallyinjurethcorganism 
^Mien such imbalance becomes more marivcd and persists for longer 
periods of time, the organism suffers irreversible tissue damage following 
dislocation of intracellular fluid and tons and the resultant circulatorj' 
collapse. 

\’im Slyko” lias shown that dehydration leads ultimately to a dc- 
crea<!cd renal blood floiv and anuria. In severe shock, which can result 
from delo’rlration alone, the renal vascular bed is included in the gen- 
eraheed peripheral vasoconstriction. This may continue even when 
arterial blood pressure has risen to lOO mm. Ilg. After a few Iiours the 
tubule cells of Ilenlo's loop and of the distal tubules begin to degenerate. 
In the resulting nephrosis tubules lose selective reabsorbtive powers, 
and oil glomerular filtrate re-enters the circulation. This has been 
colled "to.vic nephritis*’,” but it is really the end result of uncorrected 
dehydration ” 

McCanco” ha.s studied the first stages of this process in human subjects 
nith a low salt intake and placed under conditions nhere jna\ima! 
sweating would occur. 

Winkler” has studied the first stages of water deprivation in human 
subjects. At first fluid and electrolyte wero lost proponioDatel}’ As 
more severe deprivation occurred the c-xtraccllular fluid volume wn- 
tracted, and finally the intraceJIutir water began to be mobilized Ine 
organism at this time takes a compromise position between giving the 
kidneys enough water to cvcrctc waitcs and leaving enough water m 
the cell to maintain life. 

Exchange of Sodium and Potassium.— Attention has recently been 
focussed on potn<»sium shift, particularly in diabetic acidosis, infanUc 
diarrliea and fitmilial periodic paralysis. 

Keys noted that serum potas.sium levels dropped 20 per cent m 
patients undergoing insidmsAwi therapy. Potassium a« "ril a'5 inorganic 
phosphate is thought to lie deposited with glycogen in both bver an 
muscle under those circumstances *® Following injections of , 

glucose senim potassium levels also full, and the inorganic p osp a 


levels fall even more sharply." 

Patients with diabetic acidasts, following apparently adeqnat ’ 

glucose and fluid replacement therapy, have been found . g 

potassium levels of the order of 1 to 1-S millicquivalents per Wer, 
the normal range of serum potassium is between 3.5 to ^ Snira- 
Jen ts per Jiter.«-“ These patients show muscle J. ^J^Lraphic 

tions, irregular pulse anil a wide pulse pressure. Elect 
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tracings show depressed S-T segments, frequent inversion of T waves 
and prolonged Q-T inler\’als.^^ Administration of 10 to 30 gm. of 
potassium chloride orally relieves the clinical sjTnptoms and reverses 
the electrocardiographic changes.*^"** Replacement of phosphate ion is 
also said to give better carboliydmtc utilization, presumably because of 
more adequate phosphorjdation.*®* The significance of low serum 
magnesium levels obscr%*cd coincidentally is unknown.**"®* 

Gammon et al.** called attention to a group of patients with a periodic 
paralysis, familial in distribution, associated with a low senim potassium 
level. Others have confirmed the existence of this syndrome.**"^® The 
patients show electrocardiographic changes similar to those seen in 
diabetic acidosis associated with hypokahemia, and they regain muscle 
tone following administration of potassium. The paralysis seems to bo 
associated with a redistribution of potassium within the organism 
rather than with potassium loss, according to Piidcnz and his 
co-workers.’® Danowski’* reports that potassium shifts into the cells with 
a resultant extracellular potassium content decrease. With the adminis- 
tration of potassium additional cation enters tlie coll before normal 
extracellular levels arc restored. 

In 1948 Darrow”' reported a case of infantile diarrhea with the 
subsequent development of congenital alkalosis. The senim potassium 
level was 1.5 millicquivalents per liter. Senim sodium was quite low and 
serum chloride very low. As the result of dehydration intracellular 
potassium was thought to move out of the cell and to be excreted, while 
sodium entered the intracellular phase in increased quantit}'. Wien a 
solution of sodium and potassium chlorides was administered the infant 
retained large amounts of potassium and recovered. Darrow’* recom- 
mends a solution containing 35 millimols of potassium per liter, 104 
millimols of chloride and 53 millimols of lactate in treating infant 
diarrhea and resultant dehydration.’* It has also been shown that 
calcium and phosphonis arc retained in large amounts by the post-acido- 
tic infant.’* These infants show electrocardiographic alterations 
reversible upon administration of potassium that are similar to those 
obser\’ed in diabetic acidosis.” 

Identical findings are reported by Bellet et al.” in adults with vomit- 
ing after intestinal obstruction. These patients when deprived of potas- 
sium by excessive loss of intestinal secretions retain significant amounts 
of administered potassium.” Tins retention of potassium is thought 
to indicate a cellular deficit of this cation. Such deficits are frequently 
but not invariably associated with a low serum potassium concentration. 
It is an observed fact that the kidney in the normal as u’ell as the 
depleted patient, under supposed conditions of maximal need for potas- 
«um conscrv’ation, has a limited minimal rate of excretion of this ion. 
The continued renal excretion of potassium is thus an important factor 
in producing the potassium-deficient state. 

Prior to the correlation of serum potassium depression with a clinical 
syndrome, a number of investigators reported hypochloremic, alkalotic 
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states which were refractory to the odramistration of sodium 
chJoride.^^** 


The characteristic chemical clianges observed are low serum potas- 
sium levels, low serum chlondc levels anti a high carbon dioxide com- 
bining power. The blood pfi lias also been found to be elevated. The 
mechanism of this imbalance is AS yet not clearly understood The loss 
of intracellular potassium in excess of that associated with protein 
catabolism is a general response to water depletion from any cause." 
The kidney then removes this potassium from the serum 
Rata with, expcriwAnt^l pylijnt ohsltwction develop ?k eVik>T«le ^ple- 
tion followed by alkalosis and a decrease in serum and muscle potas- 
sium.** Darrow,*’ in studying the relation of serum bicarbonate con- 
centration to muscle electrolyte composition, has found that the scrum 
bicarbonate vanes directly with the concentration of intracellular sodium 
and inversely witli the concentration of muscle potassium " He con- 
siders that this relationship may possibly be considered a biological 
equilibrium attained when renal adjustment is made m the presence of 
a sodium chloride or potassium deficit. 

The work of Kej’s** (vide supra) concerning the fall of serum potas- 
sium levels following injection of tnsuhn has been amplified by later 
work.* *Ca8tlcdon** has noted that injection of insulin simultaneously 
\Mth the ingestion of glucose produces a prelimmaiy lowering of the 
semm potassium level. This effect is also produced by the injection of 
epinephrine Casticdon believes that not all of this effect is related to 
the deposition of potassium during glycogenoiysis 
Larsen*® has studied the action of epiTiephrine in more detail. He 
finds that immediately following injection of epinephrine the plasma 
potassium level nses, duo to tbe freeing of potassium from the hver 
dunng glycogenoiysis This is followed very shortly by a drop in serum 
potassium to below normal pre-cxpenmcntal levels, consequent upon 
potassium uptake by muscle and liver. This is not thought to be ail 
secondarj' to insulin mobilization. The pll of the blood rises as the 
potassium content of the extracellular fluid falls. , v/r ^ 

Stickney** has studied the epinephrine effect in several oilferen 
'-pecies. In the frog, dog, sheep and goat the epinephrine causes a rise 
and then a rapid fall in serum potassium Perfusion of the frog s nin< 
limbs showed that potassium intake was independent of now ana a 
epinephrine had no demonstrable direct effect upon the muscle up 


of potassium nni i 

It becomes apparent that sodium and potassium exciiangc i * 
simple ion membrane permeability problem. Both sodium a P° . ^ 
Slum within the cell exist in part aa bound, osmotically 
stance.***' The varying concentration of sodium and po ^ ’ 

as well as phosphate ions, wjthm and withtmt the cell, may ® U 

sion of specific affinities of the definite colloids of nermea- 

type for these ions, rather than an expression of mem r. 


bility.**-*' 
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FLUID REPLACEMENT THERAPY 

Fluid requirements for the uncorapHcalcd surgical case, in the absence 
of abnormally lai^o water and salt losses, can be met by the use of 5 
per cent gluco'^c in water. One must replace the insensible water loss, 
and furnish the amount of fluid that will be required to assure an ade- 
quate urinary' output. This moans that about 2.5 liters will suffice for 
the average adult. These patients will usually begin to maintain an 
adequate oral intake within twenty-four liours after operation. 

Determination of Fluid and Electrolyte Values. — Management of the 
patients with large exchanges of fluid and electrolytes cannot be ac- 
complished without an accurate reconl of intake and output. All fluid 
loss, i.e., vomitus, drainage, urine, should be measured. Changes in 
body weight from day to day' give a reasonably nccumte index of change 
in total body' water. 

Relative changes in plasma and blood volume can be determined with 
sufficient accuracy for clinical purposes using Evans’ blue dye, 
T-1824.**'^” It is important to use the three-s.amplo technic, taking 
samples over a forty-five minute period, rather than the technic using 
one sample taken ten minutes after the injection of the dye. We believe 
the former technic is preferable since the dy'e mixing is. often incomplete 
in ten minutes in patients with abnormal findings, and since the disap- 
pearance rate of tlio dy’c may vary' with the individual and with the 
state of his circulation. 

Relative shifts in extracellular fluid may be estimated, again witli 
sufficient accuracy for clinical purposes, from the diffusion volume of 
some substance such as thiocyanate.*’ 

The introduction of the flame photometer has made possible the 
rapid, accurate determination of sodium and potassium in biological 
materials.®*-^®* This permits determination of the important elements 
of fixed base rather than the computation of their approximate concen- 
tration from the chloride and carbon dioxide content of serum. 

Replacement of Fluid and Electrolytes. — linowing the volume of 
water lost by various routes and the concentration of electrolytes in these 
fluids, one is in a position to make a roughly' quantitative replacement 
of the lost electrolyte solution. It must be emphasized that in using 
this method one is always one day behind; in a manner of speaking 
“one pay's for yesterday today.” This means that if the volume of 
drainage suddenly diminishes there is some danger of overcorrection. 
However, vigilance and the spacing of fluid intake will prevent gross 
error. 

It is well to avoid formulas based on blood levels of electrolyte alone 
m detennination of salt requirements, for electrolyte stores are badly 
depleted when the serum concentrations are still only moderately below 
normal levels.'®^ Methods based on urinaiy excretion of chloride or 
sodium alone are also unreliable. In patients with some renal injury, 
have on the one hand a failure of the kidney to excrete chloride, 
although blood levels are pathologically high, and conversely patients 
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With a salt-losing nephritis simulating excretion of excess or even 
adrenocortical insuOicioncy, may actually have impoverished electrolyte 
rescrv'es. 

In patients with marked dehydration it is well to ovoid if possible 
the use of protein hj'drolysatcs at first, or of oral protein intake, until 
hydration hag been ro-estabhshed. Pariera”* has reported that the pre- 
vention of etarv'ation and sparing of protein require not less than 200 to 
330 gm. of glucose per twenty-four hours for the average adult. This 
would necessitate the use of lO per cent glucose to avoid an excessive 
water load. Danowski”* has studied the same problem in dogs fed a 
drj' protein ration during dehydration. Winkler” in a study of fish and 
carbohydrate diet in the deh^rated man, cast away at sea, also found 
that carbohydrate doere3«ed the negative nitrogen balance and ketosis, 
and produced a smaller unne volume less severe dehydration. The 
water of oxidation of the carbohydrate was also available to alleviate 
dehydration to some degree. Lockhart’** has calculated that 0 5 gra. 
of glucose per kilogram of body weight per hour is the maximum advis- 
able administration rate. Above this rate glycosuria appears, and with 
higher concentration of glucose dnnrsts is increased. 

Schemm”* has cautioned against too rigorous witter restriction in 


than edema or azotemia. MokotolP’* liaa shown that renal tuomw 
reabsorb a mean of 13 milltmob of sodium from every 100 ml of glomeru- 


constant, and that the decreased c-xcrction of sodium in congesuse 
failure is due to a decreased glomerular filtration rate in the presence 
of normal tubular rcabsorption. ATcrnll"* has obtained additional evi* 
denco in favor of this e.xplanation. , . 

A word of caution might be inserted here concerning ways of 
salt intake in cardiac patients. Two recent reports have indicated that 
the use of lithium chloride in dietary salt substitutes may be detn- 
mental. , , 

If the patient hag a loiv plasma protein, this should be corrected by 
transfusion.'”’ If there is reason to suapect a decreased blood vo ume 
preoporativeiy, as in cases of possible malignancy or cachexia, the volume 
should be determined, and a normal volume restored by tratwiusion 
indicated. During extensive suigical procedures it ia helpful 
blood loss by some means, such as weighing dry spongy 
after use, and then to replace (his loss while the patient is still o 


^^One'sLuld not hesitate to give large amounts of salt 

this is indicated, as in cases of severe dehydration or in cases with P 


drainage. 
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Replacement of Potassium. — ^The rationale for potassium replacement 
is based on the fact that adult patients losing potassium through con- 
tinued renal excretion, and through abnormal loss of gastrointestinal 
tract secretions, retain significant amounts of administerc<l potassium.’’ 
^\’hen sucli loss is obsen'cd, with or without marked lowering of the 
serum potassiiun level, it appears rational to replace the potassium, 
if possible by the oral route. In any case wiicre potassium is replaced, 
whether by oral or parenteral route, one miLst exercise due caution in 
giving potassium to patients with renal damage. The failing kidney 
does not consistently excrete excess potassium.*"- *’* Under such circum- 
stances excessively higli serum potassium has been known to cause dcatli, 
apparcntlj* by cardiac arrest in diastole, at scrum potassium levels of 
about 10 milliequivalcnts per litcr.*^- *" 

SUMMARY 

Fluid requirements for the uncomplicated surgical case, in the absence 
of abnormally large water and salt loss, can be met by the use of 5 per 
cent glucose in water. Tlicse patients can usually bo depended upon to 
maintain themselves on oral intake after the first twenty-four hours 
following operation. 

Management of cases invohnng large cxcliangcs of fluid and electrolyte 
necessitates accurate recording of intake and output, the concentrations 
of the various ions in these drainages and a knowledge of the pathologic 
and physiologic exchanges of water and salts that can occur between 
cells, extracellular fluid and the blood stream. 

In the treatment of such cases, with or without pre-existing dehydra- 
tion, relatively largo amounts of sodium, clUoridc and often potassium 
must be used. 
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CiraiULATIVE INDEX 


Abdominal injuries, diaRnosis and 
management. April, 351^397 
surgery, anestliesia for, conduct of, 
April, 421-120 
curare in, Oct., J574 
sjTnposium on, ylpnf, 305 
viscera, solid, perforations, treat- 
ment, Apnl, 409-414 
wall, endometriosis of, Apnl, SSI 
wounds, closure, sutures for, Oct., 
15C7 

Abscess of lung, drainage of, ^Ipnl, 

, 557 

Acid-ba.so balance, April, 479 
Acromioclavicular joint, arthritis of, 
June, 90S 

separations, June, 905 I 

surgery of, June, 90^12 
Adenocarcinoma of kidney, Ocl , 1496, 
1493. 1499 

Aerosporin, use in surgery, Oct., 1290 
Aged patient, biliary tract emergen- 
cies in, April, 301-303 
Ajr insufflation, perirenal, in kidney 
tumors, Oct , 1491 

Albumin-globulin ratio in jaundice, 
.dti7.,1070 

Alkaline phosph.atase test, scrum, in 
laundice, Aug., 1074 
Amebiasis, tests, Apnl, 4S2 
Amputations, 2^-212 
wneplastic, of arm, Feb., 234 
Gritli-Stokcs, Feb., 229 
of leg in children, Feb.. 291 
of lower extremity, Feb., 226 
of upper extremity, Feb., 231 
open-flap, Aug., 1919-1064 
principles of surgical technic, Feb., 
225 

^ prosthetic devices, Feb., 234 
sites of election, Feb., 224 
Sj-me, Feb., 227 
tenbplastic, at knee, Feb., 229 
Amylase test, serum, in jaundice. Aug., 
1075 , 

Anastomosis, intestinal, end-to-end, 
primary, Oct., 1406 
of colon following resection, technic, 
Ocl., 1430 

^ of severed arteries, Ocl , 1513-1522 


Anesthesia, endotracheal, June, 941- 
961; Oct., 1577 

for abdominal surgery, conduct of, 
April, 421-429 

for total pneumonectomy, June, 717 


Anesthesia, in aged patients, Apnl, 303 
in intrac.ansular fractures of hip, 
/V6., 33 

spinal, continuous, technic, June, 
933 

management of patient, June, 936 
technic, June, 923-910 
technics, modern, Ocl., 1571-15S2 
Anesthesiologist, present and future, 
Aug , 1097-110S 

Aneurysm, arteriovenous, surgical 
treatment, June, 705, 700 
Ankle, fraclure.s, open reduction aiuf 
internal fixation, Oct., 1523-1534 
lesions, manipulative surgery, Feb., 
25S 

surgical exposures, Feb., 74 
Ankylosis, fibrous, of elbow, inampula- 
tivc surpciy in, Feb., 250 
of urist, manipulative surgery in, 
Feb., 231 

Antibacterial agents, newer, in surgery, 
Oct., 1253- 

Antibhtica in appendiceal peritonitis, 
Oct., 1393 

in surgical infections, April, 431-447 
maintenance of plasma levels, Apnl, 
435 

production of high concentrations 
locally, April, 437 

Anticoagulants in acute arterial in- 
juries, Oct; 1518 

Anus, fistula, internal, annular rectal 
stricture from, Aug., 1115-1117 
Aorta, coarctation, surgical treatment, 
June, 709, 711, 712 

Aortography in kidney tumors, Oct., 
1493 

Appendectomy, Ocl., 1391 
in appendiceal peritonitis, Ocl., 1392 
relation of inguinal hernia to, Ocl., 
1458 

Appendiceal peritonitis, Oct., 1385-1390 
appendectomy in, Oct., 1392 
sulfonamides and antibiotics in, 
Oct , 1393 

Appendicitis, Ocl , 1385-1396 
acute, complicating pregnancy, Aug., 
1120 

Appendix, diverticula, false, following 
inflammation and rupture of ap- 
pendix, AiJff., 1189-1207 
Arm amputation, supracondylar. Feb., 
233 

Arteries, injuries, acute, Oct., 1513- 
1522 

surgical management, Oct., 1514 
severed, anastomosis of, Ocl 1513- 
1522 
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Arlenovenous aneurysm, auTsic^ 
treatroeni, Jvne, 705, 706 
Aftbritis, cervical, maaipulativa aur- 
fcry ui, TA., 215 

chronic, arthrodesis in, Fefe . m. 
113 

srthropUsJy lo, F<h , 101, 100 
artiirolomy m, Fe6 , 92, OT 
capsaJotomy m, Feb., 06 
casts, splints and corrective appli- 
ances, Feb., 8} 
debridement m, Feb , 91 
dcscnsitization of joint, Fth , 92 
diflercntialion of the types, Feb , 

_ 87-115 

joint aspiration and lavage, punc- 
ture of simoviai pouch arid drill- 
ing of articular ends of bones. 
F«6,92 

osteotomy for, Feb , 67, 109 
rrsectiOQ of articular extremities 
and ostcctomy, Feb , 97, 102 
aurgery in treatment of, F<t > , R7- 
115 

sj-novertomy in, Feb , 03. 91 
too deformmex, phalanKcctomv' 
for, Feb , 2T5-2S0 
traction, exercises, mampitlation, 

. W. 91 

wWtthng and amputatfon, Feb , 
113 

of aeroiniociavicuiar joint, surgical 
Ircatmcnl, June. 603 
rheumatoid, Fet , 87-115 
Arthrodesis as form of bone grafts, 
Feb., 85 

. for paraMfC feet, flyerson’a technic, 
Feb , 270 

in chronic arthritis, Fc6 , Ul, 113 
ArtbroplftSty jd chronic arthritis. Frb . 
tOl, 109 

Arthrotofny for chronic arthritts, Feb . 

of knee joint, Jtine, 913-921 
lateral approach, June, 510 
medial or lateral approacli, June, 
9i3 

posterior approach, June, 619 
Articular cvtreuijtics, reseetJon. m ■, 
ehromc srtbnti^, Feb , 07, IIQ 
Ascariasis, Apnf, 4S1 
Ascites, multiple, with multiple poh'pa 
ana multiple intussusteptions, 
Auff., 1200-1213 

Aspiration of joint in chronic arthntis, 
Feb., 02 

Astrocytoma. Aug , U66 
Ataxia, Friedreich’s, spinal deformity 
in. Feb , 351 

Atomiicrs for topical cndotracUeol 
anesthesia, June, 9tS 
Atresia of esophagus, Oct , 1539 
Auditory nerve, intracranial division, 
in Al^nibre’s disease, Aug , 1085 


Aurcomycm, antibacterial spectrum, 
Oct ,1202 y ' 

clinical indications, Oct., 1293 
use m surgery, Oci, 1232 
Avulston fracture with nonunion of an- 
terior libial spine treated by fixa- 
tion with beef-bone screw, Aua, 
1029'1(»3 

Axilla, snatoftij, June, 720 
Acotemis, April, 477 


lUaixosroRtK, Oci., 1290 
Bacitracin, antibacterial, April, 423, 
spectrum, Oct . 1286 
cliiueat indications, Oci , 1200 
in surgical infecfioas, Apnl, 431-447 
local injections, April, 423 
toxic reactions, Ajirtf, 435; Oct , 12S7 
use in surgery, Oct , 1285 
Back, !ow. tlerangctnents, manipida- 
live Butgeiy m, Feb , 253 
ftprains and strains, treatment, Feb , 
2)6 


strapping in epinal fracture, Feb-, 200 
Backacne due to minor strains and 


sprains, Ftb , 318 
due to ruptured intervertebral disk, 
Ftb , 218 

from an industrial standpoint, Ftb , 
215-221 


psychosomatic, Feb, 220 

Banti’s disease, splenectomy for, Aprtl, 
477. Qd , »2S 

Banum enema reduction technic for 
intussusception. Oft , 1515 

Bars, outride, in fractures of leg, Ftb , 
10 . . , 

Bartholin's Riand, cx-sts, excision of, 
June. 843-S4.5 

Bassiw operation, decline m popularity, 
Oct , 1457 

Bedsores in paraplegics, management, 
Oct , J555 

Bile duct, eomtoon, operative proce- 
dures on. dune. 805-815 
stricture, repair of. June, 812 
obstruction, in aped patipnta. 
Apnf. 306 

excretion tests in jaundice, A«ff , 


1057 • 

lihary tract emergencies in epa, 
Apnl. 361-368 _ 
santeryi June, 805-^15 
Wirobin test, serum, m jaundice, 
Ako , IOCS 

lairolh I operation, Ort , 1361 

Afayo method, Oct , J3^. 137.>, }3'6 
Schoemakcr modification, vet , 
13G2. 1363. 1372 

von jinberer technic, Oct , 13t>u- 

II op«Mtio», Ort . 

Hofmcister modification, vci . 
t37T 

Polya teebme, Od , 1373, 1577 
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Biopsy of respiratory tract, .tpnf, 
479 

Blalock operation for tetralop>‘ of Fal- 
lot, June, 713 

Bleeding tendency, abnormal, tests, , 
^Ipnf, 475 j 

Blood constituents, testing, April, 476 
studies as aid to surgery, /lpn7, 474 j 
transfusions. See TroHs/usioua | 
vessel nruastomosi®, sutures for, Oct., < 
156S ' 

Bone fBones), cysts, soVitnrj, in c\iB- 
dron, surgical treatment', Feb , 2.^ i 
grafts, Feb., 77-SG 
autogenous, Feb , 77 
cortical inlay, Feb , SI 
onlay, Feb , SI 
dual onlay, Aug , 1150 
fibulae transplants, .lug., U5G 
general principles. Feb , ^ 
heterogenous, Feb., 78 
homogenous, Feb , 77 
in chronic osteomyelitis, Feb., 
127 

indications and contraindications, 

, Feb,S\ 

intramedullary, Feb ,80; /lug , ItSS 
massive half-cylinder, apposing, 
Aug , 1157 
onlay, /tug., 1153 
technic, Feb., SO 
lesions, chemotherapy, April, 441 
long, shafts of, repair of defects of, 
Aug ,U83-U6S 

' , 1 


tumors, Feb., 133-143 
Bosworth’s approach to femur, Fct., 

Braces in spinal fracture, Feb , 190 
Brachial plexus, anatomy, Aug., 976 
injuries, Aug , 97G 
treatment, Aug., 9SG 
Brain, concussion, Oct , 1301 
contrecoup injuries, Oct., 1302 
gliomas, classification, simplified, 
Aug., 1169-1187 
gunshot wounds, Oct., 130S 
injuries, acute, Oct , 1301-1315 
Breast, carcinoma, hormone treatment, 
Oct., 1355 

palliative therapy, Oct , 1353-1356 
radical operation, Oct , 1341-1353 
roentgen treatment, Oc( , 1353 
surgical treatment, June, 727-737 
fibro-adenoma of, mixed adenocar- 


Bronchial secretions, tumor cells in, 
diagnostic significance, April, 508 


Bronchograpluc anatomy of lungs 
April, 573-5S1 

Bronchoscopy in pulmonary tulKTCu- 
losts, April, 5^ 

Burns, scars of, correction, .Ipn'l, 014 
skin grafts in, Oci., 1552 
x-ray, skin grafts in, Oci., 1560 
Btir5it», acute and chronic, in region 
of elbow, Feb , 155-102 
clironic adhesive, manipulative sur- 
gery in, Feb , 217 
olecranon, Frb , 155 
radiohumeral, Feb , 155 
nuinipubitivT surgerv in, Feb., 
251 

sulKlcltoid, Feb., 14G 

CArsuLoniuiAPur for recurrent dislo- 
cation of shoulder, .lug., 99S ^ 
Capsulotomy in chronic arthritis, Feb , 
96 

Carcinoma cells m diagnostic speci- 
mens, detection and significance, 
Apnl, SOI 

uitraoral, combined neck dissection 
with resection in continuity of 
mandible with involved soft 
parts, techruc, Oct., 1322-1325 
surgical treatment, recent ad- 
vances, Ort,, 1317-132S 
of breast, p.-illiativc therapv, Oct., 
1353-1356 

radical operation, Oci.. 1311-1353 
roentgen treattnenv, Oci., 1353 
surgical treatment, June, 727-737 
of cecum, resection of, primary, 
June, S31 

of colon, anterior resection and pri- 
mary anastomosis, preoperative 
preparation, Apnf, 3M 
selection of cases, April, 330 
technic, Apnl, 335 
ascending, June, 834 
descending, June, 83S 
distal portion operative treatment, 
April, 323-33S 
hepatic fle.xure, June, 834 
resection of, Oct., 1427 
primary, June, S29'841 
technic of anastomosis following, 
Oct , 142S 

right, obstructing, primary resec- 
tion of, Oct., 1417 
sigmoid, April, 323-339; June, S39 
splenic flexure, June, 83S 
surgical management, Oct., 1421- 
1434 

transverse, June, 837 
proximal half, June, S34 
of duodenum, massux hemorrhage 
due to, April, 320 

of epiglottis, surgical e.xcision, tech- 
nic, June, 679-6S9 
of esophagus, resection in, June, 690 
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t'lircMiom;* uf kidiie\, ihasnasis, early, 
Oct, 1433-1501 
grading of, Ocl , 1502 
surgtraJ maftagement and pxogno* 
813, Oct , Ugs 

of larj-nx, roenleen treatment, June, 
£S0 

of iip, surRical treatment, indica- 
tions, Oct , 1317 
of prostalo, Oct , 15t0 
fiormoae trcatmeni, Oct , iSU 
of rectosigmoid, opcroltve treat- 
ment, April, 323-330 
of rectum, operative treatment, 
April, 323-33S 

of sigmoid, operative treatment, 
.•Iprif, 323-339, /une, 833 
of stomach, gastrectomy, total, 
June, 747-765 

massive hemorrhage due to, dpril, 
319 

of ths’roid, radical neck dissection 
in, ^unc, 631-010 

of tongue, surgical treatment, indi- 
cations, Oct , 1321 

protein nutrition in, Apnt, 443-472 
Cordioplasty, June, 095 
Cardiospasm, surgical treatment, June, 

cot 

Cardiovascular surgery, technical as* 
pecU, June, 705-715 
Caronamide with peflieiHin, ApT\t, 436 
Catgut sutures, Oet , 15C9 
Cecum, carcinoma, resection of, pri- 
mary, June, 834 

Cells, tumor, in diagnostic specimens, 
detection and sigmGcaace, April, 
I MI-520 

CephafiD-cholestcroi flocculation lest 
m ;auadicc, Aug , 1071 
Cerebrospinal fluid, rhinorrhea, per- 
sistent, Oc( , 1312 
testing, in spina! cord iesioos, 
April, 529 

Cervical arthritis, manipulative sur- 
gery ID, Feb , 213 

tube flap for rcjDair of defects of nose 
and cheek, Aug , 3017, 1025 
Cervicobrachiai pain, manipaJativc 
surgery in, Feo , 215 
Cervix uteri, endometriosis, April, 554 
Cheek, defects, traumatic, Aug , 1009- 
1028 

Chemotherapy in acute osteotnyclitis, 
Feb., 119, ^ 

of surgical infections, recent ad- 
vances, April, 431-447 
Chest, surgeri' of, modern technica, 
^pnl, 557-572 

Chemistry, clinical, os aid to surgery, 
April, 476 

Children, orthopedic surgery m, Feb , 
281-290 

Chlorides, blood, d:pnl, 477 


Chloromycetin, niitibaelenal spec- 
truin, Oct , 1295 
eJinicaJ indications, Orf , 120S 
use in surgery, Ocl., 3234 
Chofecystectomy for acute choleejsti- 
tis, June, S13: Ocl . U45-U5S 
for chronic choleeyetkcs sad choie- 
hthlasis, June, SOG 
Cboteey'stitis, scute, cholecystectomy 
for, J’une, 813; Ocl , 144W455 
compheatmg pregnancy, it uo , 1120 
la aged, ipnJ, 361 
chronic, chofccvstcctomy for, June, 
806 

Chofedochostomy, /une, 840 
ChofeiithtosiB, cholecystectomy for, 
June, 806 

choledochostomy for, June, 610 
complteating precDancy, /twj , 1121 
Cholesterol, hlood, April, 477 
dctermiaation in jaundice, Aug , 
1073 

Chondreetomy for choadromafacia pa- 
tellae. Fib , 2C6 

Chondromalacia patellae, Feb , 261-267 
treatment, reb , 266 
Chondromatosis, syaoviaJ, Feb, 89 
Cicatricial deformities, corrcctioo of, 
Apnl, 611-621 

Cincpiaslic amputation of arm, Feb, 
254 

Cl&vtcle, rcsectioQ of, partial, June, 
909 

Clavicular tube flap foe repair of nasal 
defect, Aug , 1017, 1026 
Coarctation of aorta, surgical treat- 
ment, June, 709, 711, 712 
Coccygodynia, manipulative surgery 
m. Feb . 254 

Colloidal gold precipitation test m 
jaundice, Aug , 1071 
Colon, ascending, rarcinoms, reseeliou 
of, primary, June, 834 
carcinoma, resection of, primary, 
April, 323-313, June, 829-841 
surgical msaagement, Ocl , 1421- 
1434 . , 

descending, carcinoma, resection oi, 
primary, June, 83S 
distal portion, carcinoma, operative 
treatment, /tprd, 323-338 
dilatation, congenital, Oct , 1W7 
diverticulitis, massive hemonnage 
due to, dprtf, 321 

lipoma, Ab5 , 1233-1243 , 

obstruction, surgery of, J”,; 
resection, anastomosis suer, tecanic, 
Oet . 142S . 

anterior, and primary aaostomosw, 
preoperative preparation, 

April, 333 

selection of April, 330 
for carcinomsj Ott , 
surgical priBcipies, Juncr twu 
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ColoQ, resection, BurKieal principles, Cj-tolo©', newer developments, April, 
technic, 335; june,S20^I -ISO 

right, carcinoma, obstruclinR, pri- 
mary’ resection of, Ocl., 1417 D£brioemfnt in chronic arthritis, 

sigmoid, carcinoma, resection of, F€6., 91 

primary, June. S39 Decompression, aseptic, in intestinal 

volvulus, reduction of, Oct , 1418 obstruction, Oct , 1403 
surgery of, moilcrn trends, Oct., Decortication in pulmonary tuborcu- 
1421-1431 losis, April, 552, 557 

transverse, carcinoma, resection of. Decubitus ulcers in paraplegics, man- 
primary, June, 837 agement, Oct,, 1556 

provimal half, carcinoma, rcvsec- Defects, large, repair of, Oct., 1569 
tion of. primary, June, 834 Deformities of spine, neurological as- 

Colostomy, defunctioning, in IjTnpho- pects, Feb., 163-187 

granuloma venereum of rectum. Dehydration, irreversible tissue dam- 
dpril, 400 age following, Oct., 15SC 

transverse, in large bowel obatruc- phj-siolog 3 ' of Ocl., 1585 
tion, Ocl., 1417 Desensitiration of joint in chronic ar- 

Colpocleisis, total, for prolapse of thritis, Feb., 92 

uterus, June, 859 Diagnosis, laboratory, a.s aid to sur- 

Common duct, operative procedures Itery, dprif, 489 

on, June, 805-S15 Diaphragmatic paralysis for pulmoii- 

stricture, repair of, June, 812 ' . " ',560 

Compression dressing in compound ‘ . * • ' ■ 480 

fractures of band, Feb., 16 ' ' ■, June, 

fractures of spine complicated by in- 905 

jurj’ to the spinal cord, Feb , of hip, congenital, treatment, Feb , 
189-194 59-4>4 

in elderly people, Feb., 195-205 of shoulder, recurrent, operations 
Concussion of brain, Ocl., 1301 for, Aug., 098, 099 

Congenital dislocations of hip, Feb., tenosuspension operation for, 

59-64 ooT-inn? 

heart disease, surgical treatment, 

June, 703 

Continuous spinal anesthesia, technic, 

June, 933 

Columella, repair of, Aug., 1010 
Contrecoup injuries of brain, Ocl., 1302 
Conus arteriosus, origin, Aug , 1246 
Convulsions during anesthesia, man- 
agement, April, 426 
Coombs’ test in hemoU-tic jaundice, 
dpril, 373 

Cooper’s ligament technic of hernior- 
rhaphy, Ocl., 1462-1477 
Craniocerebral trauma, acute, Oct , 

1301-1315 

Cubitus valgus in children, Feb., 290 
.Curare in anesthesia, Ocl , 1573 

precautions and complications, Ocl., 

1576 

Cyclopropane anesthesia, curare with, 

Oct., 1573 

Cj-stoscopy in kidney tumors, Oct., 

1490 

C>-sts, bone, solitary, in children, sur- 
gical treatment, Feb., 2S2 
endometrial, ruptured, April, 5S7 
extradural, intraspinal, spinal de- 
formities due to, Feb , 171 
of Bartholin’s gland, e.vcisioB of, 

June, 843-645 

of ovarj' complicating pregnancy, 

Aug., 1122 

pilomdal, June, 879-8S6 


Diverticula of appendix, false, follow- 
ing inflammation and rupture of 
appendix, Aug., 1189-1207 
of esophagus, surgical treatment, 
June, 091 

Diverticulitb of colon, massive hemor- 
rhage duo to, April, 321 
Diverticulopcxj', June, 693 
Drainage of lung abscess, April, 557 
operations in pulmonarj’ tuberculo- 
sis, April, 551, 559 
Ductus arteriosus, patent, surgical 
correction, June, 705 
Duodenal contents, tests, April, 481 
drainage m jaundice, Aug., 1069 
Duodenum, carcinoma, massive hemor- 
rhage due to, April, 320 
ulcer, gastrectomy, subtotal, June, 
767-777 

Dye excretion tests in jaundice, Aug , 
1073 

Dysmenorrhea, presacral neurectomy 
for, June, 861-8C6 

Edeua, cerebral, Ocl., 1303 
Eighth nerve, intracranial division, 
in M^nlfire’a disease, Aug., 1085 
El« . , -t. 


miner’s, Feb., 156 
tennis, Feb., 156 
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Electrolyte problems m surgery. Ocl 
15.S3-150G 

Electromyograpby, April, S-IS 
EicctrcthocK therapy, curare m. Oet 
1575 

Emesis during anesthesia, manage- 
ment, April, 425 

Empjetna, tuberculoU'S, treatment, 
/Ipnl, 551, 66S 

Endometrial cyst, ruptured, ,4priJ, 5S7 
Endometriosis, conservative mana^- 
mentj dpr*/, SS3-594 
Endotracheal anesthesia, /une, 941- 
901, Oei , 1577 
tubes, June, !M3 
Enterolnnsia, Apnl, 

Enterotomy, decompressive, aseptic, 
Otl , 1403, 140i 
Ependymoma, 1178 

Epicondjlalgta, F<b , 157 
Epicondylitis, Peb , 157 
Epiglottis, carcinoma, surgical cxei- 
aion, technic, June, 67^-0S9 
Epiphysis, (emoral, slipped, m child, 
surgery in, Ptb . 2S7 
manipulative surgery m, Feb , 

Epipliysitis, pyogenic, m children, 
surgical treatment. Ftb , 2S5 
Erythrocyte count as aid to surcery, 
Apn/. 474 

seditneotation rate, April. 47$ 
Esophagoiejunal anastomoais in total 
Bastrectomy, Junt, 757 
Esophagoseopy, curare m, Oet , 1575 
Esophagus, atresia, Oet , 1539 
operation for, Oci , 1510 
carcinoma, resection m, June, 696 
diverticula, June, 691 
lower end, peptic ulcer of, massive 
hemorrhage due to, April, 3ig 
resection, technic in, April, 567 
strictures, June, 694 
surgery of, technical sspects, June, 
691-703 

tumors, /«ne, 695 

varices, massive hemorrhage due to, 
April, 317 

Ether anesthesia, curare vkith,Ocf ,1574 
Ewing’s tumor, Feb , 133, 135 
Examination, rectal. April. 415-419 
Exetcisea , Kyperextcnaion, viv tractws 
of spine, Feb., 201, 202 
in chronic arthritis, Ftb , 90, 9J 
postural, in spinal fracture, Feb , 
197, 193 

Extradural hematoma, Ocl , 1309 
Extrapleural operations for pulmonary 
tuberculosia, Apnt, 547, 660 
Extrenutv, lower, amputations, Feb, 
226 

prosthescB, Feb., 235 
varicose veins, management, /wne, 
8S7-893 ^ 

Upper, amputations, Feb., ?3J 


Extremity, upper, prostheses, re6 , 23b 

Fackl nerve, technic of exposing, in 
parotid gland surgery, June, 673- 
677 

Fallot, tetralogy of, surgical treatment. 

June, 709, 713, 714 
Fascia! sutu re, Ocl . 156.8, 1SC9 
Felly's disease, splenectomy for. Oct 
1439 

Femoral epiphysi?, slipped, m child, 
surgery in, Feb , 2S7 
manipulative surgery in, Feb 
25G 

hernia, repair, recent progress. Oet , 
1457-US2 

with gangrenoas bonel, Oct., 1414 
Femur, condyles, amputation proximal 
to. Feb ,230 

fractures, in children, Feb., 293 
head and neclc, surgical approaches, 
Feb , 66, 67, 68 

neck, fractures, management, Fr&, 
31-57 

shaft, defects, repair of, Aug , 1161 
surgical approaches, Feb , 69 
Fihro-adenoma of breast, mixed adcRO- 
carcinoma and fibromyxcsarcoma 
arising in. Aug , I137-1J40 
Fibroids of uterus complicating preg* 
nancy, Aug , 1121 

Fibroeis ot elbow, manipulative surgery 
in. Feb , 250 

of fingers and tnetacarpophalaseeal 
joints, manipulative surgery ta, 
m, 251 

of knee, manipulative surgery in, 
Feb , 257 

Fibrositis of shoulder, manipulative 
surgery in, Ftb ,247 .. 

fibula, surgical approaches, Feb , <4 
fibular transplants in long bone repair, 
Aug , 1156 

finKcre, omputation, Feb , 231 
fibrosis, manipulative surgery m, 
Fefc . 251 , , , 

p'istula. anal, internal, annular rcctat 
stricture from, Aug , 1115-1117 
lymph, spontaneous and traumatic, 
A«p , 1035-1(»7 
tracheo-esophagc.xl, Oci , I5w 
Ftvuda, admiaiatration, problems m 
surgery, Oct , 1583-1596 
replacement therapv, Oct, iooj 
foot, amputation, feb , 226 
pnMtneses, Feb , 235 
lesions, naatiipulative surgery m, 
Ftb , 25S 

pronated, /’e6 , 2S9 . . 

stabilization in infantile 

indications and technic, Feo , -6^ 

Forearm, amputation. 
forehead flap for repair of defects of 
nose ann cbeek, Aug, 
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Fractures in children, Feh , 203 
of ankle, open reduction nnd internal 
fixation, Ocl., 1523-15^1 
of femur in children, Feh., 293 
neck, manaRement, Feb , Sl-fi? 
of hand, compound, treatment, Feb , 
1&-29 

of hip, intracapsular, innnnitemciit, 
Feb., 31-57 

of leg, comminuted nnd gegmented, 
Feb.. 1-13 

fixed skeletal traction followed 
by sulinting and delayed 
ambulation, Feb., H 
reduction by continuous trac- 
tion, skeletal pull, suspen- 
sion, Feb,, 0 

fixed traction followed by 
splinting, Feb., 9 
transfixion pins and outside 
bars in, Feb., 10 
walking iron stirrups in, Feb , 
11 

of radius and ulna in children, Feb , 
295 

of skull, Oct., 1301-1315 
depressed, Oct., 1300 
of spine, compression, complicated 
b^Mnjury to spinal cord, Feb , 

in elderly people, 195-205 
of tibia, open reduction and internal 
fixation, Oet., 1523-15W 
of tibial condyle, lateral, surgical 
treatment^ June, 893 
of tibial spine, avoilsioo, nith non- 
union, fixation with beef-bone 
screw, Aug , 1029-1033 
. in children, Feb., 298 
Friedreich’s ataxia, spinal deformity in, 
Feb., 184 

Frozen shoulder, Feb , 152 

iMnipulative surgery in, Feb., 217 
lurniss clamp in intestinal resection, 
June, 823 

Galactose tolerance test in jaundice, 
Aug., 1070 

Gallbladder, diseases, acute, in aged, 
April, 361 

gangrene, in acute cholecystitis, 
Oct., 1448 

°I^fative procedures on, June, 805- 

Gangrene of gallbladder in acute chole- 
cystitis, Oct., 1448 

of small bowel, femoral hernia with, 
Oct., 1414 


for peptic ulcer, June, 767-777 
total, June, 747-765 


Gastrectomy, total, tcclinic, June, 150 
indications for, June, 747 
pratoperative care. June, 703 
Gastric analysis, April, 4S1 
Gastritis, m.a.ssive hcmorrh.agc due to, 
^Iprif, 320 

Ga.stro-esoph.igc.xl anastomosus, ^lpri7, 
508 

Gastroiiitcstinal nna-stomosis, sutures 
for, Off , 1508 

hemorrhage, massi%'c, not due to pep- 
tic ulcer, mamigement, dprtf, 317- 
321 

Giardiasis, dprif, 4S2 
Gliomas, classification, simplified, 
based on theory of anaplasia, Aug., 
1109-1187 

Globulin test, scrum, in jaundice, 
Aug., 1071 

Glucose tolerance tost in jaundice, 
Aug., 1009 

Grafts, bone, Feb., 77-86. See abo Bone 
grafu. 

akin. See Skin grafts. 
vascular, Ocf., 1517 
Granuloma, introspinal, tuberculous, 
ncurolopcal aspects, Feb., 1C9 
Ontti-Stokes amputation, Feb., 229 
Groin hernias, rep.'vir. progress in pa.st 
decade, Ocf., 1457-1483 
Gross’ operation for patent ductus ar- 
teriosus, June, 705 

IIalsted method of riidica! mastec- 
tomy. June, 727 

Halstcd-Finney method of lateral open 
anastomosis of small intestine, 
June, 821 

Hammer toes, phalangectoraj’ for, 
Feb , 277 

Hand, fractures, compound, treatment, 
Feb., 15-29 

splint, universal, Feb., 17 
Hanger’s test in jaundice, Aug., 1071 
Head injuries, acute, Oct., 1301-1315 
diagnosis, Ocf., 1301 
treatment, Ocf., 130C 
Heart, congenital defects, surgical 
treatment, June, 705 
surgerj' of, technics, April, 571 
Heat retention during anesthesia, 


IUi.latt:l«:uiai, Ou., JOll 
subdural, Ocf., 1311 
Hemoglobin estimation as aid to sur- 
gery, i4prif, 474 

Hemolytic anemia, acute, splenectomy 
for, Ocf., 1437 

jaundice, splenectomy for, April, 372 
Hemorrhage, gastrointestinal, massive. 
Dot due to peptic ulcer, manage- 
ment, Apn'I, 317-^21 
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Hectrolyte proWetns in surzerv Oei 
153.1-15% 

ElcctromyoRraDhy, Aprtl, 532 
Electroshock tncrapj, curare m Oct 
1575 

Cmcsw during ancalhesia, manace- 
ropnt, April, 425 

Umpyemn, tuberculous, tre-atmcnt 
.tprri, 551, 565 

Endometrial c>8t, ruptured, April, SS7 
Endotnetrioais, conservative cnanagO' 
ment, Apnl, 683-501 
Endotracheal anesthesia, y«»ic &tJ- 
%I, Ocl , 1577 
tubes, June, 943 
Enterobiasis, April, 4*«2 
Enterotomy, decompreasivo, aacptie 
Oct , 1403, 1401 ' 

Ependyraoma, Auq , 1178 
Epicondylalgia, Fth . 157 
Epicondylitis, feb , 157 
Epiglottis, carcinoma, surgical exci- 
sion, technic, June, 679-080 
Epiphysis, femoral, slipped, in elnid, 
eurgery in, Feb , 2S7 
manipulative sureor\ m. Feb . 
250 

Epiphysitis, pyogenic, in children, 
surgical treatment, Feb , 285 
Erythroc^'ic^count as aid to surgery, 

sedimeotstion rate, .tpnt, 47$ 
Esophsgojejunal ADoatomcr^is m total 
gastrectomy, June, 757 
rsophagostfopy, curare la, Oce , 1575 
Esophagus, atresia, Oei , 1519 
operation for, Oei , I5t0 
ciurcinoma, resection m, jane, 690 
diverticula, June, 691 
lower end, peptic ulcer of, massive 
hemorrhage due to, .Iprtt, jig 
resection, technic in, April, 507 
strictures, June, 691 
surgery of, technical aspects, June, 
691-703 

tumors, June, 695 

varices, massive hemorrhage doe to. 
Aprif, 317 

Ether anesthesia, curare with, Ocl ,1574 
Ewing’s tumor, Feb , 333, IW 
Examination, rectal, Aprtf, 415-419 
Exercises, hypercxtcnsion, in fractores 
of spine, Feb , 201, 202 
in chronic arthritis, Feb , 90, 91 
postural, in spinal fracture, Feb , 
197. 198 

Extradural hematoma, Get , 1309 
Extrapleural operatioas for puimonar)' 
tuberculosis, April, 547, 500 
Extremitv, lower, amputations, Feb , 
226 

prostheses, Feb , 235 
varicose veins, management, June, 
8S7-892 

Upper, amputations, Feb , JSj 


Extremity, upper, proatheses, Teh ,23b 

Facixl nerve, technic of exposing, in 
parotid gland surgerv, June, 673- 
677 

Fallot, tetralogy of, surgical treatment, 
June, 700, "13, 714 
Fascralsuture. Oct , 156S, 1569 
Felly’s disease, splenectomi for. Od , 
1439 

Femoral epiphysis, slipped, m child, 
surgery in, Feo , 2S? 
manipulative surgery in. Feb, 
25b 

hernia, repair, recent progress, Oct , 
I457-US2 

with gangrenous bowel, Ocl , 1414 
Femur, condylca, amputation proximal 
to, Feb , 230 

fractures, in children, Feb , 293 
head ond neck, surgical approaches, 
Feb , OG, 67. 6S 

neck, fractures, management, Feb , 
31-57 

shaft, defects, repair of, Aug , 1161 
surgical approacbea, Feb , 69 
Fibro-ftdenoma of breast, mixed aaeno- 
corctnoma and fibroioywiareoroa 
arising in, Aug , 1J37-1M0 
Fibroids of uterus complicatiag preg* 
nancy, Aug , 3121 

Fibrosis of elbow, manipulative surgery 
10 , Feb,25Q , , , 

of fingers and metaearpopbalangeai 
Mints, manipt/lative surgery iOt 
Feb. 251 

of knee, manipulative surgery in, 
Feb .257 

Fibrositis of shoulder, manipulative 
surgery m. Feb .247 
Fibula, surgical approach^, teo, i* 
Fibular transplants in long bone repair, 
Avg , U50 

Fingers, amputation, Feb , 231 
fibrosis, manipulative surgery m, 
Feh,25l , ... 

Fistula, anal, internBl, * 

stricture from, dap , 
lymph, spontaneous and trsamaiJC, 
'Amp, 1035-1&I7 
tracheo-csDphsgcal, Oct , i**-' 
Fluids, administration, problems 
aurgery, Ocl , 1553-1596 
replacement therapv, (M , ic*'’ 
Foot, amputation, feb , --41 

prostheses, Feb., 235 

lesions, manipulative BurgeO < 
Feb , 25S 

pronated, Feb , 2S9 _«,qh'sta 
stabilization m infantile pa i > 
laications and tcchmc, Fe , 26 

Forearm, amputation, of 

Forehead flap for repair o! defects oi 
jiosp and check, Aug r It'*'* 
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, lateral open anastoraosia, June, 
821 

Mikulici metliod, June, 825 
Intrathecal administration of anti- 
biotics, ^pn7, 439 

Intravenoua anesthesia, curaro with, 
Oct., 1574 
technic, Oct , 157\ 

Intubation methods in endotracheal 
anesthesia, June, 950, Auj;., 1100, 
1101; Ocl., 1379 

Intussusception in infanta and chil- 
dren, Aug , 1141-1151} Oct., 1513 
barium enema reduction technic, 
Ocl., 1515 

multiple, nith multiple poIjTJS and 
cliyloua ascites, report of unusual 
ease, Aug., 1209-1213 
Inversion of uterus, April, 509-010 
Iodine, blood, April, 478 
radioactive, in hyperthyroidism, 
Oct, 1335 


ment, Oct , 1659 

Jaundice, hemolytic, congenital and 
acquired, diflecentiatian, April, 
373, 374 

splenectomy for, A-pril, 372 
laboratory diagnosis, Aug., 1005- 
, . 1076 

Jejunojejunostomy in total gastrec- 
tomy, June, 701 

Joints, aspiration, in chronic arthritis, 
Feb., 92 

desensitization, in chronic arthritis, 
Feb , 92 

surgery of, symposium on, Feb,, 1 
surgical approaches, Fe6., 65-76 

Keloid scars, correction, April, 614 
Kidney, carcinoma, diagnosis, early, 
Oct, 1483-1503 
grading of, Oct., 1502 
surgical management and prog- 
nosis, Oct., 1498 

Kidney function, estimation, April, 
485 

perforations, treatment, April, 409 
tumors, classification, Oct., 1494 
sjTnptoms, Ocl., 1483 
Knee, amputation at, prostheses, Feb., 

arthrotomy of, June, 913-921 
lateral approach, June, 916 
medial or lateral approach, June, 
913 

posterior approach, June, 919 


Knee, disability, manipulative surgery 
in, Feb,, 257 

surgical exposures, Fc6., 71 
Kj'phosis, neurological aspects, Feb. 
163-1S7 

I,.ABonATO!iY diagnosis ns aid to sur- 
gcr)', April, 473-199 
in jaundice, Aug , 1005-1070 
I^hyrinthotomy, destructive, in 
nitre’s disease, Aug., 10S3, I0S7 
lArytiROscopes, June, 912, 014 
Laryngoscopy, curare in, Ocl,, 1575 
in endotracheal anesthesia, June, 
953; Oct, 1578 
Larynx, anatomy, June, 956 
carcinoma, roentgen treatment, 
June, 690 

I-eg, amputations, Feb., 22S 
in children, Feb , 201 
fractures, comminuted and seg- 
mented, Feb., 1-13 
ulcers, chronic, skin grafts in, Oct , 
1553 

Ix^gg-Pcrtllc3 disease, Feb., 2S9 
Leukocyte count ns aid to surgery, 
April, 474 

Leukoplakia, surgical treatment, in- 
dications, Ocl., 1318 
Ligamentous reinforcement In recur- 
rent dislocation of Bhoulder, Awg., 
999 

Lip, carcinoma, surgical treatment, 
iodicatioas, Oct.j 1317 
Lipase test, scrum, in jaundice, Aug., 
1075 

Lipoma of colon, Aug., 1233-1243 
ol kidney, Ocl., 1495 
Liver disease, tests m, April, 483 
functional tests, in jaundice, Aug., 
1067 

perforations, treatment, April, 410 
Lobectomy, sutures in, Oct., 1509 
Lumbar sjTnpatbectoiQy, technic, 
June, G67-G71 

Lumbosacral plexus, injuries, Aug., 
987 

Lung, abscess, drainage of, April, 557 
anatomy, bronchographic, April, 
573-581 

resection, for tuberculosis, Apnl, 
519, 561 

segmental technic, April, 567 
total, technic, June, 717 
surgery of, chemotherapy in, April, 
441 

Lymph fistulas, spontaneous and trau- 
matic, Aug., 1035-1047 
Lymphogranuloma venereum of rec- 
tum, operative procedure, selec- 
tion, Apnl, 399-40S 

MacGregor’s te'chnic in Cooper’s liga- 
ment technic of ^ ’iv 
Oct., 1469 
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Manchester -Vothcrgill operabon for 
prolapse of uterus, June, 851 
WampiiJat/on in chronic arthritis. 
Feh , 90, 01 

Manipulative surgery in orthopedics. 
ytb , 245-259 

Mastectomy, radical, technic, ./ane, 
727-737; Ocl , 13«-]a53 
Mastoidectomy, incision' cndaural or 
iwstauncular?, Aug , 10^1096 
Majo modification of Ehilroth I opera- 
tion, Oct . t3M, 1375, 137G 
AfeiJian nerve, injuries, Auff , 9S5 
Medulloblastoma, yliio , 1185 
Megacolon, conRcnifai. Oel , 15t7 
Mdni^rc’a disease, differential diag- 
nosis, Aug , 10S2 
pathology, Aug, 1079 
surgical treatment, indications, 
Aug , 1077-1091 
symptoms, Aug , 1077, lOSl 
Meningiomas of spmal cord, clinical 
features anil cmi results. June, 
Co9-Cfi5 

^^en^scu 3 ayndrome, manipulative aur- 
gery in, Feb , 237 

MclacariKiphnlangoal joints, fibrosw, 
manipulative surgery in, F<6 . 251 
MethyUhiouratil in hypcrtliyroidum, 
Oct , 1333 

MiWulics resection of small mlrstinc, 
June, 825 

5finer's elhon, Ftb , 15G 
Monaldi procedure in tuberculosis, 
.Iprii, 551. 559 

Mouth, carcinoma, combined n€ck dis- 
' section Vrith resection in conti- 
I nuity of mandible mth involved 
r soft parts, technic, Ocl , 1322- 
1325 

surgical treatment, recent ad- 
vances, Oct , 1327-132S 
Mucoepidermoid tumor of salivary 
glands, Oct , 1327 

Muscle operations for recurrent dis- 
location of shoulder, Aug , 99S 
^^usc^lar d38trophv, progressive, 
spinal deformity in, Feb , 179 
^[JeIoma, multiple, Feb , 133, 135 i 
Myeioscopy, April, 533 

Neck, cicatricial contractures, Apnl, 
620 

dksection, radical, June, 631-610, 
Oct., 1332-1325 

Ncr«,c(s), facial, technic of exposing. 
In parotid gland surgery, June, 
673-C77 

peripheral, injuries, and thetr treat- 
ment, Aug , 973-995 
Neurectomy, presacral, for dysmenor- 
rhea, June, S61-SC6 
Ncuro-astrocyloma, Aug , 1185 
Neurofibromas of spinal cord, clinical 
features and end results, June, 
059-665 


Neurofibromatosis, von Recklmghau- 
soa^, spinal deformity due to. 
Fe6.,m 

Neurological aspects of deformities of 
spjQC, Feb , 10^187 
Neutropetua, splenic, splenectomy for, 

Nitrous oxide anesthesia, curare «ith, 
Oct , 1574 

Nose, defects, traumatic, Aug , 1009- 


OaEU'fl incision for hip joint exposure, 
Frb,, 66 

Oleeranon bursitis, Feb , 155 
Oligodcodroglioma, Aug , llS^t 
Open-flap amputation, Aug , 1959-1064 
Orthopedic surgery, curare >j), Ocl , 
JS7S 

pcdtatric, Feb , 2S1-299 
symposium on, Feb , 1 
Orthopedics, manipulative surgery in, 
FeK 243-259 

Osborne incision for exposure of pos 
tenor hip, Feb , C9 

Oalcctomv in chronic arthritis, Feb , 
97. 102 

Osteoarthritis of hip manipulative sur- 
gery ID, Ffb , 255 
surgery in, Feb , 87-115 
Osteochondromatosis, syooviai, Ftb , 
89 

Osteogenic earcoma, Feb , 133, 135 
Ostcoia osteoma, Fib , ift 
Osteoma, o«tcojJ, Feb , ISt 
Osteomyelitis, acute, Feb , U7-124 
complication's, Feb , l2l 
poniciUiD in, Feb , 119 
surgtcnl drainage in, Feb , 120 
chronic, Feb , 125-131 
surcicaJ treatment, Feb , 125 

mehildroD, chemotherapy, Feb ,2» 
Osteotomy for chronic arthritis, Feb , 
97. 300 

Ovary, cyat, complicating pregnancy, 
Aug , 1122 

Paix, ecmcobrachial, manipulative 
surgery la, Ftb . 215 
Paxutial shoulder, Feb , 145-154 
Pancreas, anatomy. Fane, 7S0 
diseases, value of secretin test m, 
April, 4S9 , ,,,, 

perforations, trestmest, 
tail and body, excision of, J une, 7< l- 
785 

tests, April, 4S3 

Pancreatectomy, partial, June, l‘•r^ 
785 

indications for, June, '59 
teebow, June, 782 
Pancreatitis, diagnosis. April, 
etiology and patholow, .,53 

surgical treatment, /tprif, 33^ 

Panbeinatocvtppsnia, splenic, sp 

ectomy for, Oct , H39 
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PnpUloma of kicJney. Oct., 1197 
ParaKsis, infantile. Soc i'oliomi/c/ifi*. 
Paral.vlic scoliosis, Feb.. 212 
Paraplcpa, decubitus ulcers, manage- 
ment, Oct., 15M 
due to scolit)'’is, Feb., 109 
Parasites of blood, study of, April, 474 
Parotid^ gland, surgery, technic of e.x- 
po^ing facial ncire in, June, 073- 
077 

Pars membranacc.a septi, origin, Aug , 
121S 

Patella, chondromalacia, Feb., 201- 
207 

treatment, Fch., 200 
slipping or dmlocating, surgical 
treatment, Feb., 2S1 
Patellectomy for chondromalacia pa- 
tellae, eeb., 200 

for chronic arthritis, Feb., 100 
Patelloplasty for chondromalacia pa- 
tellae, Feb., 200 

Patent ductus arteriosus, surgical 
treatment, June, 703 
Pectus cxcavatum, Oct , 1335 
operation for, Oel., 1330 
Pediatric surgery, new trends, Oct., 
1333 

orthopedic, FeO., 2SI-200 
Pedicle grafts for dcfcct.s of nose and 
cheek, Aug., 1011-102S 
Penicillin, bacteria susceptible to. 
April, 432 

in acute osteomyelitis, Feb., 119, 2SG 
in surgical infections, April, 431- 
.447 

intra-arterial injection, April, 437 
local injections, April, 43S 
maintenance of plasma levels, 
methods, April, 436 
toxic reactions, .flprif, 434 
Pentothal sodium anesthesia, curare 
with, Oct., 1574 
. lecUaic, Oct., 1571 
Peptic ulcer, gastrectomy, subtotal, 
June, 767-777 

of lower end of esophagus, massive 
hemorrhage due to, April, 318 
1 eriorations of solid abdominal vis- 
cera, treatment, ytpnf, 409-414 
1 eriarthritis of shoulder, Feb , 152 
ij .^*^'pulative surgeo' in, Feb., 247 
1 eripheral nerves, injuries, and their 
treatment, Aug., 973-995 
Peritoneal fluid, tumor cells in, diag- 
.nostic significance, ilprif, 601 
leritonitis, appendiceal, Oct., 1385- 
1396 

appendectomy in, Oct , 1392 
sulfonamides and antibiotics in, 
Oct., 1393 

chemotherapy in, April, 440 

nerve, injuries, Aug., 089 
nalangectomy for toe deformities, 
Fe6., 275-2S0 

rhosphatase, blood, Aprt7, 478 


Phosphorus, blood, April, 478 
Pilonidal cysts and sinu«rs, June, 879- 
SS6 

closed method of treatment, 
June, 8S2 

open operation, June, SSI 
Pina, transfi.xion, in fractures of log, 
Feb., 10 

Plastic repair of dcfect.s of riO'^c and 
check, Aug., 100'^-102S 
surgery, recent developments, Oct., 
1551-1563 

Pleural fluul, examination, April, 479 
tumor cells in, diagnostic signifi- 
cance, April, 501 

Pneumonectomy, sutures in, Oct., 15G9 
total, technic, June, 717-726 
Pneumolwritoneum for pulmonary tu- 
bcrculo'iis, April, 514 
Pneumothorax, artificial, in pulmonary 
tulierculosis, .Ipnf, 512, 560 
extrapleural, for tuberculosis, Apnf, 
516, 560 

Poliomyolilis, anterior, foot stabiliza- 
tion in, indications and technic, 
Feb , 269-274 

toe deformities, phalangcctomy 
for. Feb., 275-2S0 
spinal deformity in, Feb., 184 
Polya operation, Oct., 1373, 1377 
Ilofmeistcr modification, Oel., 1377, 
13S2 

Polymixin, antibacterial spectrum, 
Ocl., 1291 

clinical indications, Ocf., 1292 
use in surftcry, Ocl , 1290 
Polyps, multiple, with multiple intus- 
susceptions and chylous ascites, 
report of unusual case, Aug., 1200- 
1213 

Portal hypertension, splenectomy for, 
April, 377 

Portex endotracheal tubes, June, 945, 
916 

Postural deformities in spinal fracture, 
mea.surcs to overcome, Feb., 197 
Potassium, blood, April, 47S 
re placement of, Oct., 1591 
shift in djsea.se, Oct., 15S6 
Pregnancy, ectopic, management, 
Apnf, 595-59S 

surgical conditions coincident with, 
Aug., 1119 

Presacral neurectomy for dysmenor- 
rhea, June, 861-S66 
Proctoscope, use of, April, 417 
Prolapse of rectum in infancy and 
cluldhood, Aug., 1215-1222 
of uterus, Manchester-Fothergill op- 
eration, June, 851 
total colpocleisis for, June, 859 
treatment, June, 817-^CO 
vaginal hysterectomy for, June, 
855 

vaginal repair with abdominal 
suspension, June, 849 
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Tiolapse of uienin, U’ulkiiis - Worthcim 
interposition operation, June, ^ 
I'ronated feet, Feb , 2S0 
rropylthiouracil in liypcrthyronlttm, 
Oct , 1331 

concomitant 0*16 of iodine or thy- 
roid, Oel , 1332 

Prostate, carcinoma, Oet , 1510 
hormone treatment, Ott , ISil 
diseases, management, advances in. 
Oct , 150;^15I2 

ohstruction, urinary retention in, 
preoperative manaeement, Oct , 
150G 

Prostatectomy, perineal, Oct, 1502 
retropubic, Oct , 1500 
suprapubic, Oct , 1503 
transurethral, Orl , 1507 
Prosthetic devices followang arnpula- 
tioD, Feb , 234 

Protein nutrition in cancer, Apnl, 
440-472 

Proteins, serum, Aprtl, 477 
Prothrombin time in jaundice, Auc , 
1072 

Paychic trauma, anesthesia and, 

426 

rBycbosomatie backache, rcb., 220 
Pulmonary arteries, origin, , 1249 
stenosis, surgical treatment, June, 
709, 713, 714 

Purpura haemorrliagiea, tdio{vathie, 


epieoectomy for, April, 37& 
thrombocytopcoic, splenectomy for, 
Oel , 1436 


Rachitic scoliosis, Feb , 211 
adial nerve, injuries, Avy . 061 
Kadioactive iodine in hyperthyroidism, 
Oct , 1335 

Radiohumeral bursitis, Feb , 155 

manipulative surgery in, Feb ,251 
Radius, fractures, in children, rc6., 
235 

shaft, defects, repair of, Auff , 1160 
Rectosigmoid, caTcinoms, operative 
treatment, April, 323-^9 
Rectum, carcinoma, operative treat- 
ment, Apnl, 323-339 
examination, ,4prif, 415-419 
lymphogranuloma venereum, opera- 
tive procedure, selection, April, 
393-408 

prolapse, in infancy and childhood, 
Avg., 1215-1222 

stricture, annular, from interaal fis- 
tula in ano, Aug , 1115-1117 
Respiratory tract, laboratory tests, 
^prif, 479 

Rheumatoid arthritis, surgery m, Feb , 
87-115 

toe deformities, phalangectomy 
lor, Feb , 27&-2S0 


tthinoplasly, Aug , 1009-102S 
Rhioorrhea, cerebrospinal fluid, tier- 
sistent, Ocl , 1312 

Rib resections, scoliosis due to, Pe6 , 
23 

Itocntgen burns, skin grafts in, Ocl. 

iseo 

diagnosis of intracapsular hip frac- 
tures, Feb., 54 

examination in kidney tumors, Oct , 
1437 

treatment of carcinoma of breast, 
valve, Oct , 1353 

of carcinoma of larayx, June, 6S0 
Rose bcQgal test in jaundice, Aug , 1073 
Rupture of spleen, Bpleuectomy for 
April, 371 

Ryerson's technic of tnple arthrodesis 
for paralytic feet, F e6 , 270 

SalIvaHt glands, mucoepidermoid tu- 
morSj Oct , 1327 

Salt deficiency, dehydration due to Oct 
1585 

Sapbenofcmoial ligation and distal 
injcctloo for varicose vcios, June, 
8S7 

Sarcoma of stomach, differential diag- 
oosts, duo, 1109-1113 
osteogenic. Trh , 133, 135 
Sears, operative correction, dprif, 611- 
621 

Sehistosomtosis, dprd,4S2 
Sciatic nerve, injuries, ilw? , OS? 

scoliosis, Feb ,213 ^ , 

Scoliosis complicating von Rcckhng- 
hausen’s neuroflbromatoais, Feb , 
171 

congenital, Feb ,207 
due to rib resections, Feb , SIS 
idiopathic, F«6., 207 
neurological aspects, Feb., 163-iS' 
paralytic, Feb , 212 
paraplegia due to, Feb , 169 
rachitic, Feb , 211 
Eciaiie, Feb , 213 
treatment, Feb , 207-214 
Secretin test, value, in surgery, Aprii, 
489 

Segmental technic of pulmonary resec- 
tion. April, 667 _ 

Seinilunarvalvecusps,origiD,-4vff 

Separations, seroniioclftvicuiar, June, 

905 

Serum alkaline phosphata«e test ta 
jaundiw, Aug , 1074 
amylase test in jaundice, ,<la^ . 
bilirubin test in jaundice, Avg , 
gloWm test in jaundiw, 
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Shoulder, amputation in region of, 
Feb., 233 

dislocation, recurrent, operations for, 
Aug.,m, 990 

tenosuspension operation for, 
Aug., 907-1007 

fibrositis, manipulative surgery in. 

Feb, 2\7 ^ J . 

frozeoj Feb., 152 

manipulative surgery in, Feb. 217 
painful, Feb., 145-151 
periarthritis, Feb., 152 
tendinitis, Feb., 147 
tendon rupture, Feb , 150 
Sigmoid colon, carcinoma, operative 
treatment, vlprii, 323-330: June. 
839 


■ . . Oct., 

in burns^ Oct, 1552 
in chronic log ulcers, Oct., 1553 
m decubitus ulcers in paraplegics. 
, Oct., 1553 

in defects of nose and check, Aug.. 
. 1000>102S 

in irradiation injuries, Oct., 1500 
split-thickness. Oct., 1551 
Wolfe, Oel., 1551 

preparation, for open reduction in 
fractures, Oct., 1520 
Skull, fractures, Oct, I30I-I3I5 
depressed. Oct , 1300 
Sodium, blood, Aoril, 478 
opioal anesthesia, anatomical and 


mcsid, June, 

management of patient, June, 936 
solution for, June, 929 
. technic, June, 923-910 
Spinal cord, lesions, dilTercntial diag- 
nt«iSj April, 521-537 
mcmngiomas and neurofibromas, 
clinical features and end results, 
«/une, C59-6G5 

primary, multiple, Aug., 
y . 1223—1231 

Spine, deformities, neurological 
aspects, Feb., 163-187 
iractures, compression, complicated 
to spinal cord, Feb., 

®^<^erly people, Feb., 195-205 
m|mns as form of bone grafts, Feb., 


pyogenic infections, neurological as- 
pects, Feb., 169 

^^17^^’ deformities in, Feb., 

aspects, Ocl , 

functions, Oct, 1435 


Spleen, perforations, treatment, April, 
412 

rupture, splenectomy for, April, 371 
surgerv of, pre.scnt concepts, .Ipril, 
360 -^ 

Splenectomy, contraindications, Ocl., 
1440 

indications, April, 370; June, 730; 
Oct., 1436 

technic, June, 730-745; Oct., 1441 
Splenic vein, thrombasis or anomalous 
obstruction, splencctomv for, Oct., 
1430 

Splenomegaly, congestive, splenectomy 
for, April, 377 

Splint, universal, for hand, Feb., 17 
Spond 3 'litis, tuberculous, neurological 
aspects, Feb., 167 
Sputum, examination, April, 470_ 
tumor cells in, diagnostic signifi- 
cance, April, SOS 

Stenosta, pulmonarj’, surgical treat- 
ment, June, 700, 713, 714 
Stomach, carcinoma. Sec Carcinoma 
of atoinaeh. 

contents, tumor cells in, diagiiastic 
eignincancc, April, 511 
lymph nodes, June, 750 


Ocl ; 1301 

Billroth II operation and its 
modifications, Ocl , 1372 
for peptic ulcer, June, 707-777 
total, June, 747-765 
sarcoma, differential diagnosis, Aur; , 
1100-1113 

surgery’ of, modern technics, Oct., 
1361-1381 

ulcer, ga.strectom}’, subtotal, June, 
707-777 

Stool examination, April, 481 
Strapping of back in spinal fracture, 
Feb., 200 

Streptomycin, bacteria susceptible to, 
April, 432 

in appendiceal peritonitis, Ocl., 1395 
in surgical infections, April, 431-447 
in tuberculosis, April, 442 
local injections, April, 43S 
suUamyloD and, in large bowel 
surgerj', April, 440 
toxic reactions, April, 434 
Strictures of common duct, repair of, 
June, 812 

of esophagus, June, 694 
Subdeltoid bursitis, Feb , 146 
Subdural hematoma, Oct., 1311 
hygroma, Oel., 1312 
Suction socket in amputations, Feb , 
237 

Sugar, blood, .April, 476 
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Sulfamjlon and streptomycia in large 
bone! surgerj', .Ipnl, 4-10 
SuUobromophtbaicin test in jaundice, 
•Iwir , 1073 

Sulfonamides in appendiceal peri- 
tonitis, Oct , 1303 

in 8UfRip.nl inrpptinan, April, 431-117 
Supra-orbital fl.nps in repair of trau- 
matic defects of mwe and cheek, 
.lwi7 , 1014, 1016, 1021, 1023 
Surgery , recent advances, eymnosium 
on. Oct , 12S3 

Surpea! approaches to bones and 
joints, /'fi , G5-7fi 

infections, cfiemotfierapj , Aprti, 431- 
417 

buture malcniils and their use. Oct , 
1563-1570 

practice of Tulane, outline of, Oct , 
15G7 

Sutures, absorbable ^■b non.sbsorbable. 
Off . 15G.3 

SjTnf amputation, fei , 227 
Sympathectomy in acute artcnal in- 
juries, Oct , 1510 

lumbar, indications for. June, C67 
technic, June, CC7-C71 
Sytioveclorav for chrome arthntts, 
Feb , 03. 01 

Sjnoviat choRdroRiatoais and osteo- 
chondromatosis, Feb . 80 
Synovitis, vtllonodular, pigmented, 
Feb , 89 

Synagotnjeba, spinal deformity id, 
Feb , 170 

^ TAKAT^•-^4l^ teal m laundicc. Aug, 
1071 

'sTcehftic, surgical, symposium on, June, 

■ ; 631 

Temporal n.sp to repair of tra-umatic 
defects of no«e and cheek, Avg , 
1020 

Tcroporofrontal flap in repairof-dcfccls 
of nose and cheek, A ng , 1^3 
Tendinitis of shoulder, Feb , 147 
Tendoas, rupture, in shoulder, F eb , 150 
TentiLs elbow. Feb , 156 
Tenoplastic amputation at kncD, Feb , 
220 

Tenosuspcn.sion operation for recurrenl 
dislocation of shoulder, Aug . 997- 
1007 

Tentorial bcniiations, On , 1313 
TctralofiS’of P’allot, .surgical trentroent, 
.fane, 709, 713. 714 
Thigh amputations, Feb , 229 
Tiuouracil in hyperthyroidism, Oct, 
1330 

Thoracic See also Chat 
surgery, curare tn, Oct , 1575 
lute nap for facial recoastrvcUon, 
Aug , 1027 

Thoracoplasty for pulmonary tuber- 
culosis, April, 544, 563 
tj-pes, 563 


ITiroinbocvtopenic purpura, splenec- 
tomy for, Oct , 1430 
Thumb, amputation, Feb , 232 
Thyroid, carcinoma, radical neck dis- 
section in, June, C31-610 
n>yroidectoiny. sulitotal, technic, 
June, &11-65S 

Thj rotoxicosis, trc.stmenl, present 
status, Oct , 1329-1339 
Tibia, CQndjle, lateral, fractures, sur- 
gical treatment, June, S93-903 
fractures, open reduction and mter- 
nal fixation, Oct , 1623-1534 
shaft, defects, repair of, Aiip , 1161 
spine, Avulsion fracture, fixation with 
lieef-bone screw. Aug , 1029-1033 
fractures, in children, Feb , 293 
surmcal exposufes, Feb , 71 
TibnJ nerve, injuries, Avg.,0Vi 
Tilting table prosthesis, /’e5 , 23S 
Toes, amputation, Feb , 226 

deformities.phoianeectomj for,/'«6 , 

275-2W 

Toopic, carcinoiTux, aurpeal treatment, 
indications, Oct , 1321 
Tracheo-esophageat fistula, Oct , 1519 
Traction m chronic arthritis, Feb , 
OO. 01 

Tratwfixioh piwi in fractures of leg, 
Feb., 10 

Transfusions, reactions to, dunog 
operation, Avg , 1129-1135 
Transurethral prostatie resection, Oef , 
150T 

Traumatic defects of nosa and cheek, 
Aug., 1009-J02S 

surgery, sjTnposium oiij .l«j , 973 
Troncus arteriosus, persistent, aaom* 
ahes associated with, Aug , I2C0 
cla.’i'iifieation according to ana- 
tomic types, .Ivp , 1245-1270 
diagnosis, pathologic, Aug , 1.50 
cmbr\ ologic con-sidcrat ions, Aug 
1246 ^ . 

Tuberculosis, pulmonary, bronrho^- 
copy in, April, 55S 

decortication in, dprtf, 552, 557 

diaphragmatic par.aijsis m, Aprti, 
5t3, 560 , 

drainage operation, April, 5ol, to-' 
cxtr.apleural operations, April, M?, 

pncumofhora’c for, dprif, 542, 560 
resection for, April, 549, ool 
eegmental, April, 56< 
surgical maiMgement, esprit, oia- 
5.56, 559 , 

thoracoplastj- for, April, 544, 00. 
tj-pes, drr»f,^563 
streptomycin in, April. Hi 
Tuberculoas empjema, treatment, 
dpnl, 551, 563 

iotnispinal granuloma, nourologif 
Mpcct<i. Feb , 169 . 

spondjhtis, neurological aspec s, 
Feb . 167 
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Tubes, endotracheal, June, 913 ' 

Tumor cells in diagnostic specimens, 
detection and siKnificanec, vlori/, 
601-^20 

Tumors, Kninp, Feb., 133, 133 
of bone, Feb., 133-1-13 
of esophiRus, siirgic.al treatment, 
June, 095 

of kidno}', cka-ssification, Ocl., 1494 
symntoms, Oci , 14S3 
of necK, radical neek dissection in, 
June, 631-010 

of spinal cord, di.ncnosis, /Iprif, 53.3 
prim.ary, multiple, /luff., 1223- 
1231 

of spine, spinal deformities in, Feb., 
169, 172 

Ulcers, decubitus, in paraplegics, 
management, Ocl., 1550 
ischial, in nar.aplecics, treatment. 

Oct., 1559 * * "’ 

leg, chronic, skin gr.aft.s in, Oel-, 1553 
Ulna, fraclures, in children, Feb , ^5 
shaft, defects, repair of, /lu(7., 1160 
Ulnar nerve, injuric.s, /Itiji., 9S0 
Uncinariasis, /Iprtf, 4Sl 
Ureter, endometriosis, pregnancy nc- 
, cotnpanying,^ Apr^l^ 5SS 


1485 

retention, in prostatle obstruction, 
preoperativc management, Oet., 
1600 

tumor cells in, diagnostic signifi- 
cance, April, 513 

Urobilinogen tc.st in jaundice, Aug, 


inversion, Aprtl, 599-dlO 
treatment, April, 6(Vt 
prolapse, Alanchester - Fothergill 
operation, June, 851 
total colpocicisis for, June, 859 
treatment, June, 847-860 
vagina! hysterectomy for, June, 855 


Uterus, prolapse, vaginal repair v.itli 
abdominal suspension, June, 819 
Wfttkins-Wertheim interposition 
operution, June, 851 

Vaginal hysterectomy for prolapse of 
uterus, June, 855 

smeara, tumor cells in, di.sgnoslic 
significance, April, 515 

Van den Ilcrgh test in jaundice, Aug., 
lOGS 

Varices, esophageal, massive hemor- 


June, 887-89 

Vascular grafts, Ocl., 1517 
Veins, varicose, of lower extremity, 
management, June, 8S7-892 
Ventral hernia, repair. June, 7S7-793 
Volvulus of sigmoid colon, reduction of, 
Oct.. 1418 

Von Ilabcrer’s technic of Billroth I 
operation, Oet., 1306-1374 
Von Recklinghausen’s neurofibroma- 
tosis, spinal deformity duo to, 
Feb., 171 

Walking iron stirrups in fractures of 
leg, Feb., 11 

WaDgCQStccn’s modified aseptic de- 
compressive suction cntcrotomy, 
/!»* i.irw no* 


Web, cicatricial, correction of, April, 
616 

Wilms’ tumor, Ocl,, 1496 
Wolfe graft, Oct., 1551 
Woodbridge endotracheal tube, June, 
944 

Wounds, abdominal, diagnosis and 


guiy lu, reu., ^bi 

Z-opEUATiON for contracted scars 
April, 612, 616 
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FOREWORD 

The December 194G number of the Surgical Clinics oj North Amer- 
ica contained a Bymposium on Surgical Physiology. That it proved 
useful can be attested by the many favorable comments which were 
made of it following publication and by the many requests which have 
been received that it be brought up to date. No attempt has been made 
to review every subject which was covered three years ago. The subjects 
in this issue arc of a wider scope and the consulting editor is responsible 
for their selection. 

Surgery has become more extensive in its scope and in the opportunities 
provided for recovery and for restoration to economic usefulness be- 
cause of a wider knowledge of the pathologic physiology of disease. 
It is only by a under dissemination of such knowledge that surgeons 
everjnvhere can benefit from the loiowledge acquired by a few surgeons 
working in specialized fields. 

The operation may always remain the most dramatic part of surgical 
therapy, but few would deny the fact that improvements in preoperative 
and postoperative care and a broader knowledge of the factors in- 
fluencing disease, injury and repair arc usually more important in 
reducing the morbidity and mortality of operations. 

I, S. Ravpin, M.D. 

Consulting Editor 
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SURGICAL PHYSIOLOGY OF ACUTE HEAD TRAUMA 


Barnes Woodiiall, M.D., F.A.C.S.* 

Progress in the general problem of head injiirj’ has been achieved in two 
ways; first by a clearer understanding of the altered physiologj' of an 
acute head injurj’ in various age groups; and second, by a meticulous 
delineation of the various traumatic sjmdromcs whose fatal advance can 
be reversed by the application of proper therapeutic and diagnostic 
methods. The physiologist, under various titles, has gained an almost 
perfect appreciation of the diverse response of the human brain to 
trauma. This academic knowledge has been used to illuminate clinical 
practice to the benefit of the individual patient. Unfortunately, the 
reduction of mortality and morbidity entails more than the efforts of 
the specialist in tliis field alone. It depends upon the steady flow of 
pertinent information to all physicians who nccessarili' encounter head 
injuries as emergencies of practice and upon more attention to the barely 
touched field of public education in this aspect of accident control. The 
incidence of accidental injurj' continues to advance in the home, on 
liighways and in industrj*, although little information is available con* 
cerning the place of head injury in the total problem, i. *.*.<•* In 
industry, the National Safety Council has estimated that 7 per cent of 
the total number of compensated cases arc head injuries and that these 
eases accounted for about 13 per cent of the total compensation.® 

The immediate task witliin the scope of the neurosurgeon is to define 
(1) the contributions of physiologj’ and allied sciences in this field, (2) 
the technic of emergency therapy and supportive therapy, (3) the means 
of making a precise diagnosis, and (4) the definition of traumatic lesions 
that should, if feasible, enter the domain of the trained neurosurgeon. 

CLASSIFICATION OF ANATOMICAL PATTERNS OF INJURY 

As the physician encounters a head injury patient, it is imperative 
that he already possess some concept of the potential anatomical patterns 
of injury that may involve the covering structures of the brain or the 
brain itself. Since infection has weighed so heavily in the past against 
recovery in head injuries and still may be a potent factor, the primary 
classification of importance is that of open or closed head injury. An 
open head injury may be defined as one in \%hich brain tissue is exposed 
to the outside environment, and thus to infection, either through direct 
involvement of scalp, skull and meninges, or indirectly through fracture 

,• 1 T-,. . r... p . ^ 

hare • . ’ 

pita.. ■' ■ ■ ■ 
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of Mr-containing sinuses that are continuous with cranial orifices the 
nose, mouth ami ear, A closed head injury is one in which this direct 
continuity of tissue injury is obviously, or can he proved to be non- 
existent. 


Scalp.— Laceration, brush bums, contusions and hematomas o! the 
scalp and areas of edema, hemorrhage or fluid formation must be related 
to this primarj' classification. Open wounds of the scalp must be related to 
the wounding mechanism that existed in any particular injury and must 
be considered open head injuries until disproved. Trivial wounds of the 
scalp may overlay massive brain dami^e in stab and roissUc injuries, 
for example. On the other hand, aspiration of scalp hematomas and 
collections of fluid arc contraindicated for fear of compounding an 
existing closed head injury. 

Skull. — Fractures of the skull have been classified according to their 
location, be it vault or base, for instance, according to their appearance 
in the ekuti roentgenograms, in terms of their involvement of special 
cranial structures or by fho common terms of compound or simple skull 
fracture Such a classification has a descriptive but limited importance 
It must always be related to the phy-siological approach that the skull 
represents a defense mechanism against brain damage and that forces 
deforming the skull, and causing fracture, may likewise deform brain 
tissue. 

The deformation of the skull subjected to blunt force has been demon- 
btrated by several technics. Pudenz and Sheklon'' obsen’ed with the 
lucito calvarium and high speed cinematography that the skull was de* 
formed locally by the blow but could not visualize contrecoup expansion 
This was shown to exist by Gurdjian and Lissner using the strain gage^ 
cathode ray oscilloscope technic.* TTiese same observers have demon- 
strated lines of skull deformation with the “stresacoat" technic follow- 


ing blunt force applied to various portions of the skull. The distribu- 
tion of such deformation patterns in general paralleled fracture lines 
absen'od m clinical cases.* The unyidding adult skull, when moving or 
freely suspended, directly transmits blunt force to the enclosed brain. 
Wien the skull is fixed, brain damage may be minimal with the major 
impact being absorbed by skull failure (fracture) The clinical counte^ 
parts of these physiological finding may be encountered in patients with 
severe brain damage without significant skull fracture and, on the other 
hand, in those with no change or little alteration in ft normal state o 
consciousness but who show extensive skull fracture. Pudenz an 
Sheldon’ have shown tjiat brain movement is minimized 
fixation and this finding is in accord with earlier expcrimentsl'®- an 
clinical studies.*’- *’ In sharply localised injuries by stab wounds or m 
power projcctilca, skull fracture occurs at the narrow point of maximu 
force. In childhood, since the skull is relatively elastic, the impact oi an 
accelerating or decelerating force may be dampened by the J^eJomg 
skull, with the production of the typical linear fracture lines ot nea 
injury at this ago and with relativdy minor cerebral damage. 
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Fir. 575.— Traumatic enccphaioccle. 




Fig. 576 — Linear fracture of skull in 3 3 'ear old child. 

, illustrations might be added to show the diversified changes 
hat may occur with skull damage but they would but serv’e to emphasize 
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Fig. 877 — Localiied dcprcMcd skull fracture ju closed t>-pe of head ityuty 
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further the fundamenta! concept that the skull fractures as a dampening 
mechanism against forces appliecl against it but all too frequently must 
transmit force to the underlying brain. The recognition of certain skull 
fractures aids in the diagnosis of specific clinical syndromes and since these 
will be rcferrecl to subsequently, a classification of injuries of the scalp 
and skull may be listed at this place. 

Classii'Icvtios of Head Thacma 

Scalp: Laceration 

Avulsion 

Contusion (pscmlo-dcjiressed fracture) 

Brush burn 

Suligalcal hematoma 

Suhgalcal collections of cerebrospinal fluid (traumatic meningocele) (Kig- 

575) 

Localijcd edema or hemorrhage 

Skull- 

1. Compound oreimple fractures 

2 Linear, comminuted ordepressed fractures (Figs 57Gund577) 

3. Fracture involving base orvault 

4 Fracture involving special structures including air-containing sinusc'* 
and major vessel channels (longitudinal sinus, lateral sinus or middle 
meningeal artery) (Fig. 578) 

The Meninges. — In addition to actual laceration of the dura and pia 
arachnoid that may accompany an open head injury, certain anatomical 
relationships between major vessels and the meninges allow the potential 
development of massive hematomas both cxtradurally and in the latent 
subdural space. Extradural bleeding occurs in closed head injury from 
laceration of the middle meningeal artery and its adjacent meningeal 
veins. Since these dural vessels arc closely adherent to the inner skull 
surface, or may actually penetrate the inner table of the skull, the de- 
formation of the skull noted above may result in skull fracture across the 
adherent or contained blood channel, with subsequent hemorrhage. 
Dandy^< has reemphasized the early teachings of Pcrcival Pott and 
Jacobson that skull deformation, proved by the physiological methods 
already quoted, may actually displace dura without evidence of skull 
fracture with the rapid development of a tjrpical extradural hematoma 
(Fig. 579). 

The second type of massive hematoma observed in clinical practice 
has its anatomical basis in the vascular arrangement of venous channels 
traversing the subdural space, in particular from the cortex to the longi- 
tudinal sinus. The physiological background for the development of this 
so-called “chronic subdural hematoma” necessitates further attention 
° devoted to the effect of force transmitted to the brain. 

>Vhen subconcussive blows in the parietal and temporal areas of 
monkeys fitted with lucite calvarium w’ere observed,'^ brain movement- 
^as found to be more extensive and more complicated than in the frontal 
^nd occipital injuries Cerebral rotation occurred in a horizontal arc 
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and, as the brain came to a slate of rest, the dccrcai.iiig osoUations were 
particularlj- prominent m the parietal lobes. During the phase of maai- 
rotation, there was considerable stretching of the surface 


vomuonal giMe was greatest and this finding appears to be in entire 
agreement w ith the location of subdural hematomas as found in clinical 
practice. 



Fig. 570 — -Extradura! hematoma, right 

An "acute subdural hematoma" may be found in head injuries in which 
laceration of the cerebral cortex allows concomitant arterial and venous 
bleeding through the lacerated pia nraclinoid into the subdural space. 
In those relatively uncommon injuries in which the arachnoid is tom 
without injury to other integuments of the cranium, leakage of cerebro- 
spinal fluid into the subdural space may become so marked that the 
resulting fluid mass gains the appellation of a "subdural hygroma.” 

The Brain.-— Tissue damage to the brain following trauma may be 
classified for clinical purposes into that of concussion of the brain, lacera- 
tion of the brain, subarachnoid hemorrhage, cerebral edema, intra- 
cerebral hematoma, intraventricular hemorrhage and such change.'^ 
associated as well with the retention of foreign bodies and of atmo'-pheriV 
air. The mechanism of cerebral damage entails a further consideration of 
inflicting forces. 

Cerebral Contusion . — Theories concerning the causation of focal and 
coatrecoup damage to tiie brain oripnated, according to Pudenz and 
Sheldon, in the vibration theory formulated by the various members of 
the Paris Academy of Surgery in 17CD. "When the subsequent theories 
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are reviewed, it is clear that most \vritcrs have recognized the primarj’ 
fact that the brain moves uith relation to the skull. This matter was 
clarified by Holbum on purely physical principles.** lie stated that the 
prime requisite for contrecoup damage is that the head be set in rotation 
by the blow. This rotation, in various planes, is transmitted to the brain 
which glides in its dural compartments. In areas where the brain is con- 
fined by bony structures, in the frontal and middle fossae of the skull, 
shear strains occur which lacerate cerebral tissue and tear blood vessels. 
iVs noted above, this theory' is strongly supported by Pudenz and Shel- 



F'g- 5S0. — Cortipa! hproatoma m hemisphere opp(»ito to extradural hematoma 

don’s direct obseivation of brain movement when the freely suspended 
head is struck by subconcussive blows. Both the speculative theory and 
the confirming observations are in accord with the clinical distribution 
of cerebral lesions in fatal cases of head injury described by Vance,** 
and Apfelbach,** by Courville** and more recently by Botterell.*^ 
•the proven existence of skull deformation and transmitted gliding 
taoveinents appear sufficient physiological explanation for cerebral 
contusion, including contrecoup injury, subarachnoid hemorrhage, the 
evelopment of extradural and subdural hematoma, and in all prob- 
ability, intracerebral hematoma (Figs. 580 and 581). It is also clear that 
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brain mo\'cxDcnt is roarkedJy reduced when force is inflicted upon the 
'•"•‘ht'r ciariflod the physiological 


flattening of the brain agj.u.-. 


id not cause vi*;tue 



F)g. 5Si — E^tcasive Iraumalic aubarachaoid bemorrbage 


rotation of the brain. By that the passage of 

Sue studies, ssverul observers’*. >*■ ■\tave tot the P^s ^ ^ 

a togh velocity nru^sile tbrousJ. tmue. e uitb’o this 

lurie rapidly expandiug putotrag cavity. The pressure 
cSy “ high rodta! vdoerty to surro™*"S 

cL ol the brain, my be great expanding 

of the bones of the skull. of enW. H i""? 
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relatively minor. In the intact head, the incrcascti pressure is dispersed 
throughout the closed sj'stem of the brain, a form of compression con- 
cussion, and may be manifested by a fatal response of the medullarj’ 
centers. jMatson“ has described the clinical counterparts of these 
physiological studies in his monograpli on war missile injuries of the 
head. Of particular importance in the low-velocity missile injuries of 
Chilian life is the recognition and treatment of hematomas that ma^v ap- 
pear at the point the penetrating missile comes to rest against the inner 
surface of the skull opposite the wound of cntiy’. 

Concussion of the Brain.- — The physiology* of concussion has gradually 
accumulated considerable data with emphasis upon the concept that 
concussion is due to a mechanical cfTccl upon the ncn'c cell. Denny- 
Brown and Russell*® have defined concussion as “an immediate traumatic 
paralysis of reflex function” and have shown that acceleration of the 
freely suspended head from zero to a speed of 28.4 ft./ per second pro- 
duced so-called acceleration concussion. Since this form of concussion is 
dependent on the rate of increase in velocity, it is clinically evident that 
any factor that dampens the blow will materially protect the brain.** 
Continuing an experimental analysis of concussion, Walker, Kollros 
and Case** concluded that the concussion syndrome should he considered 
excitatory rather than paralytic and postulated that the paralytic phase 
of concussion was merely the normal physiological sequel of the primary 
intense stimulation period (extinction). They demonstrated a sudden 
increase in pressure at the site of impact with pressure waves being trans- 
mitted throughout the cranial cavity and postulated axonal discharges 
through this mechanical force causing polarized cell membrane break- 
down. 

Although the exact mechanism at play in the brain at the moment of 
impact is still open to controversy, there is unequivocal evidence that 
definite histopathological changes e.xist in the brain of concussed animals 
Windle and his group*'*’-** have demonstrated chromatolytic changes, 
m rats, guinea pigs and monkeys, in the cells of the motor cortex, large 
neurons of the tegmentum, lateral vestibular nuclei and in the reticular 
formation of the medulla oblongata. That the end products of the 
chromatolysis of nerve cells may appear in the spinal fluid has been showm 
hy Spiegel-Adolf, Ilenny, Wycis and Spiegel. In concussed animals and 
humans, these investigators found an absorption band in ultraviolet 
light at a peak of about 2050 A, characteristic of such nucleic bases as 
purin and pyrimidin.*® 

Cerebral Edema . — The concept that cerebral edema is common in 
head trauma has profoundly influenced therap_y, particularly that of 
clos^ head injuries. The use of passive dehydration by limitation of 

uid intake, spinal fluid drainage and the administration of dehydrating 
agents such as 50 per cent solutions of glucose and sucrose, and plasma, 

ave been advocated, ^\^len available clinical and experimental studies 
are reviewed, there appears to be scant evidence for this primary con- 
ception. 

Connors and Wright** and Vance** could not find instances of gen- 
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erahzed cerebral edema that could be held responsible for patient death. 
The experimental work of Shapiro and Jackson” noted no evidence of 
true cerebral edema after trauma. Pilcher”- « similarly could find no 
evidence that marked cerebral edema occurred after experimental head 
trauma. \Vliile, Brooks, Goldthwait and Adams,’* on the other hand, 
subsequently demonstrated a 5.5 per cent increase in brain volume after 
oxpenmentai head trauma. This experimentally induced brain swelling 
varied wth the degree of concusaon, appeared at fifteen imnutes after 
injuo’, reached Us greatest extent between five and twenty-four hours, 
and subsided after throe days. These investigations emphasized, in 
addition to this change, the great influence of localized brain contusion, 



Fig. SS2 —Bilateral subdural hemaloroa vnih early bilateral herniation of uncus 


anoxia from an obstructed airway, failure of the respirators* center an 
respiratory depressant drugs upon the production of clinical si^ncan 
brain edema. Greenfield’* tends to disclaim the importance of edema lo 
head mjuries, stating that it occurs only wth thrombosis of cere m 
vessels and in tlje local area of brain contusion Evans and be c 

onijear m the brain 

■ nds the waraing 

the diagnosis of 

cerebral edema is used as a cloak to conceal our jgnoiance of the cause 


of certain cerebral states"." ^ 

Changes in the Brain Respomibk for °° reciated 

brain responsible for death or the agonal state are fairly e PP 
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Tliey may be grouped into primarj’, secondary and complicating factors. 
Primarj* lethal damage has already been described in terms of subarach- 
noid, intracerebral and inlravcntricular hemorrhage, resulting from 
laceration of the brain and its vascular supply. In Gl autopsies from 
patients succumbing immediately after injury, Gurdjian, Webster, and 
Amkoff*’ described in nineteen ca'sos punctate hemorrhages in the 
medulla and pons with little or no other associated intracranial lesions 
to explain the death In a study of the acute physiologic responses to 



583. — ^Bifrontal laceration of orbital surfaces of both frontal lobes. Note small 
cerebellar pressure cone. 

trauma, Gurdjian and Webster” were able to duplicate these clinical 
hidings in the experimental animal. The extent and degree of this 
primary injury determines the potential result with or without treat- 
ment. Secondary and progressive factors are those related to the de- 
velopment of massive hematomas and to cerebral edema and tissue in- 
action secondary to vascular damage. The normal physiology of the 
adult brain is largely dependent upon the concept of the skull as a 
Closed box,” incapable of significant expansion.” Wlien intracranial 
pressure rises as a result of these secondary, and untreated factors, brain 
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tis^e may be forced beneath the falx, through the hiatus of the tentorium 
and into the ^omnien magnum. Cerebellar herniation, the cerebellar 
pressure cone of Cushing, is infrequently seen in head trauma since the 
cerebral hemispheres usually sustain the blunt of the injui>’. Hernia- 
tion of the uncus of the temporal lobe through the opening of the ten- 
torium against the «" • 


tcntoi 

dilate 



Fir 5SI — Base vi<*n of unilateral herniation of uneua, leit.aecouUary toiac^ration 
of left temporal lobe. 


It may cause false localizing hemiplegia by pressure of the opposite 
peduncle against the sharp edge of the tentorium.** It may so kink the 
posterior cerebral arteo' that thrombosis of the vessel and occipital 
lobe infarction may ensue.*® Finally, unless relieved, it may progress to 
such a degree that midbrain compression is signified by decerebrate 
rigidity, the development of venous hemorrhage in the pons and by 
death. (Sec Figs 582 to 5S0.) . 

The complicating factors have to do with the ingress of matter foreign 
to the brain, and include bacteria and atmospheric air. Infection enters 
through compound fractures, including the fractures through the antenor 
sinuses arid through the mastoid with the clinical appearance of spin 
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fluid rhinorrhea and otorrhea. Pneumocepbalus may occur when at- 
mospheric oir enters the menmees, brain or ventricular system through 
similar fractures.” 


EMERGENCY THERAPY 

Equipped mth some insight into the mechanism of injury and its 
potential anatomical patterns, the surgeon will encounter patients nith 
head trauma, nho at their best appear to be formidable problems indeed. 
Few head injuries with the c.Yccption of a rapidly deteriorating case of 
extradural hematoma qualify for the cognomen of a true surgical emer- 
gency and time is usuall 3 ’ a\’aifabfe for cogitation and for a step-bj'-step 
regimen of handling The first principle of this sometimes variable 
routine has to do wth resuscitation or an e\'aIuation and treatment of the 



Fir 687 —Compound fracture of occiput from mule kick Patient resuscitated 
and multiple injuries treated prior to definitive operative treatment 


patient in terms of his general body reaction to the local head injurj’. 
This term in practice covers several distinct operations. They are m 
order. 

The Immediate Treatment of the Local Wound. — ^In patients with 
open head injury at the time of admission, the hair is clipped away from 
the edges of the wound and a firm pressure dressing is applied. Such a 
dressing will control hemorrhage in most instances. Occasionally a 
hemostat may be needed to control bleeding from a large scalp vessel, 
such as the superficial temporal artery. Foreign bodies, such as rock 
fragments, kniv'cs, automobile door handles and the like, protmding 
from the wound, are left in place since their removal may precipita e 
further bleeding that is difficult to control at this stage of treatmen . 

The Evaluation and Treatment of Shock. — Patients bleed copious y 
from scalp wounds, and with the general impact of the inflicting orce, 
may show profound shock. They seem to hold themselves together, as 
it were, until they reach a treatment center and then begin to ‘ 

Intravenous 5 per cent glucose in normal saline solution sho 
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startcti in the accident room and preparations made for the use of whole 
blood. One must remember that patients with these injuries are facing a 
potential major operative procedure in which less of blood will be an 
ine\'itable accompaniment of repair. 

The Assurance of an Open Airway. — Major head wounds may occur 
at any time vith or n-ithout loss of consciousness and patients may be 
poorly prepared to control vomitus from recently ingested food, blood 
irom nasal or moulli hemoTTbage and secretions Irom the upper respir- 
atory tract. ^Vspiration of the airway is essential to prevent the ingress of 
foreign material and to ob\iatc anoxemia which will in turn encourage 
intracranial hemorrhage and a rise in intracranial pressure. The modem 
anesthetist has now become the fifth wheel of the applecart of ncuro- 
surger>’ and on many occasions indeed has prevented that applecart 
from overturning. In extreme cases of rcspiratoiy embarrassment, a 
formal tracheotomy is indicated and may be lifcs.aving. Ether anesthesia 
by means of an endotracheal tube appears to be the anesthesia of choice 
in major compound injuries. This phase of resuscitation concerned with 
the assurance of an open airway, the prevention of aspiration of foreign 
bodies, of acute atelectasis and of actual self-drowning by blood and 
secretion flows naturally into the phase of endotracheal anesthesia free 
of such complications during the period of operative repair. 

Serious concomitant injuries to the chest, abdomen, spine and ex- 
tremUes'may be associated with head injuries particularly when the 
inflictmg forces arc those present in vehicular accidents. Even relatively 
minor head injuries may forcibly flex the ccrxical spine and such spine 
injuries may be unrecognized during the acute episode.** 

1 ^ 'ion, patients with closed or open 

. ■ ' • . ■ • ’ .-’travel to a specialized treatment 


IHE AND ROENTGBNOGIIAPHIC DlAGHOStS 

^ t^es of head trauma are dynamic injuries, progressing favorably, 
maintaining *a 'variable clinical position comparable to the admission 
status or deteriorating. The neurologic examination, which includes an 
estimation' of the degree of consciousness and a record of temperature, 
pulse, respiration and blood pressure, is carried out at admission as a 
baseline observation and must be repeated at frequent intervals. Gush- 
ing s original physiological studies upon the human have been confirmed 
repeatedly in clinical practice.*^ A record of temperature, pulse rate, 
respiratory rate and blood pressure must be made at fifteen to thirty 
minute intervmls. A rise in temperature, the development of brady- 
cardia, an ireegular respiratoiy' rate and an elevation of the blood pressure 
fer\’e as objective indices of increasing intracranial pressure or a failure 
cerebral physiology. 
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been made of the excitatory— paralytic phenomena current at the moment 
of n-oundlng that represent the syndrome of concussion. I'he depth and 
length of mitial loss of consciousness appears dependent upon the gravity 
of the initial injurj' Loss of coDsetousness due to a sloiv increase m 
intracranial pressure has not been \rcH explained on physiological grounds 
although Dan(iy« has published a provocative paper on this matter 
implicating the basal gangl ion and in particular the corpus striatum. The 
state of consciousness, m temis of coma, semicoma and confusion should 
hkeivise be recorded at pen odic intervals with as much pertinent explana- 
torj' data as is available. 

With the exception of the examination of the injured head, the 
neurological examination tn unconscious patients must necessarily be a 
limilerl one and largely restricted to objective findings A continued ob- 
servation of third nerve /itnefion in terms of anisocona and pupillary 
reaction to light BtimuUia is mandatory A dilated pupil with impair- 
ment of the hglit reflex is indicative of one of at least three pathologic 
lesions; (i) e.vtradunil hematoma or other unifateraf hematomas with 
herniation of the temporaj uncus through the tentorium; (2) rupture of 
the DMrapcmtme nerve eegment, and (3) injury of the nerve segment at 
the superior orbital fissure or within the orbit. Uccent chnicopathologica! 
studios have suggested a forebram origin for some instances of pupillary 
dilation m head injunes in which the light rcficx is preserved ” Bilateral 
constricted pupils and bilateral dilated and feed pupils are indicative of 
an agoual stage of brain injury and appear to bo part of total cerebral 
paralysis. Papilledema may appear tivo to three da3‘5 after the acute 
trauma if intracranial pressure by virtue of a progressive lesion becomes 


apparent. 

Facial grttnaccs or co’nparaltvc cxtremilij tnovcmenl may furnish evi* 
donee of a hemiparesia. In scmicomatose or comatose patients, this 
motor response can be elicited by noxious stimuli, such as that furnished 
faysupraorbital pressure. JIuscIe-tcndon rc/le.v changes and the pre^nee 
or absence of the Dabinski too e.xtensor sign may aid in localizing a 
cerebral injury. Such a neurological survey, limited as it may be, must be 
repeated at frequent intervals during the initial phase of injury 

Roenlgencgrama oj the sKuU in acute trauma are mandatory in all op^ 
head injuries. They will show the position and number of 
skull fragments, involvement of air-eontaining structures of the simiJ 
and the presence and location of forei^ bodies In closed head injuries, 
they may demonstrato fractures crossing the middle meningeal artery, 
a pineal shift if the structure is c^cified and aid in proving the lac 
through the presence of a fracture, that head trauma has been ^stain 
lioentgenograms in head traumo, taken at some period during nospi ai- 

zation, possess considerable appeal in medicolegal disputes Thema e 

skull roentgenograrae should not he forced in very , 

when there appears some contraindication to movement oj tne p ^ 
If clear plates can be secured with reasonable patient 
always of some diagnostic aid. They must be taken m stereose p P 


jeetioQ. 
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THE DIAGNOSIS AND THERAPY OF CLOSED HEAD INJURIES 

Following the resuscitation and the neurologic — radiologic sun'cy of 
any individual patient, the physician must make a vital decision in 
terms of treatment, and this has largely to do with the question of 
operative intervention. In closed head injuries, the problem has been 
reduced to the simple statement that all closed head injuries that are 
deteriorating have an operative hematoma until disproved by cxplora* 
torj' trephine. Such hematomas may occur as a sequel of mild ai\d severe 
initial injuries. 

Extradural Hematomas. — The anatomical background of this grave 
hemorrhage has already been described. Because of diagnostic failure 
and operative delay and rarely because of lethal brain injurj", the mortal- 
ity of this lesion attains that of 50 per cent. In the classical syndrome, 
the patient is dazed or made momentarily unconscious by usually a 
mild head blow. The simdromc is fairly common among vigorous children 
who injure themselves at plaj*, for instance. The so-called “lucid” 
intcn’al follows the initial concussion or neuronal injury' while the hema- 
toma develops. A secondary loss of consciousness then develops that may 
be preceded by vertigo, nausea and vomiting and head pain. Localizing 
evidence of brain compression will nc.xt be manifested by contralateral 
hemiparcsis, hyperactive muscle reflexes and by pathological pyramidal 
tract reflc.\es. As the developing mass causes uncal herniation, a homo- 
lateral dilated pupil results from third nerve paresis. With greater 
pressure, bilateral muscle rigidity, false localizing signs and decerebrate 
rigidity presage irreparable midbrain compression.**- ** Since the time of 
increasing intracranial pressure often coincides with the usual retiring 
time for young children, these lesions arc responsible for many unrecog- 
nized deaths in the 5 to 15 year old age group. The symptoms of an 
elevated degree of intracranial pressure must be explained to responsible 
relatives of all patients with closed head injuries. The classical sjTidrome 
[nay often be masked by concomitant brain damage or by acute alcohol- 
ism. 

Acute Subdural and Intracranial Hematoma. — ^These lesions are 
formed in gravely wounded patients as the sequelae of cerebral lacera- 
tion. They may be suspected in patients whose state of consciousness 
deepens or in whom a progressive neurologic dysfunction can be demon- 
strated. Rarely, an isolated intracerebral hematoma will follow head 
injuries of less magnitude. 

The treatment of such hematomas, and their diagnosis in suspected 
cases, demands exploratory trephine and appropriate technical means 
and belong in the domain of the trained neurosurgeon. 

Clonic Subdural Hematoma. — ^Although acute and chronic forms of 
subdural hematoma are recognized, it has already been indicated that 

e pathological basis for each variety is quite different. The chronic 
OTO fills the latent subdural space as the result of bleeding from a trans- 
nnd necessarily the mass develops but slowly (Fig. 582). 
bough it is the result of an acute, and often mild head trauma, its 
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clinical course is characteristically slow. Since the causal injurj’ may have 
been so inconsequential that it is forgotten, the traumatic lesion is fre- 
quently confused with that of a brain tumor The presenting symptoms 
are those of headache, nausea, vomUiog, mental confusion and often 
those of connxlsions and motor weakness There may be a history indi- 
cating failure of full recovery from a minor head injury irith a terminal 
sequence of signs and siToptoms of increased intracranial pressure. 
Dandy‘< has suggested that llic blood mass does not increase beyond a 
certain size from primary bleeding and that the clinical picture is sub- 
sequently initiated by an irritati\*e cerebral edema. Gardner^® has proved 



Fig, 5S8 —Chronic subdural hctcatoniii in infant. Inner membrane over cortex 
outer membraoe held m tiesuo forceps 


with human specimens that the thin inner membrane may act as a 
dialyzing membrane and postulates an increase in mass by transfer of 
fluid from the subarachnoid space into the increased protem substance 
of the hematoma. In the adult, this is another instance of a hematoma 
mitct bf» disclosed bv exploratory trephine. ^ ^ ^ 


Chronic subdural hematoma, noirever, w a hi-huv**. y 

lesion of infancy," There is no exact clinical picture 
voraifing, itrilability, iiwgular temperature smnp ™ 

accelerated head grcra-lh, muscle hypcrtomcit^d hyperactive mm 



StmOICAL PHTSIOLOOT OF ACUTE HEAD TIL^UXfA 


1633 


established by puncture and ospimtton of the subdural space through 
the lateral angle of the anterior fontanel and can bo made only by this 
procedure (Fig.SSS). 

Depressed Fracture of the Skull. — ^Thc problem of elevating depressed 
fractures of the skull in closed head injuries may be considered as an 
elective rather than an emergency procedure, unless the depression is of 
such a magnitude that intracranial pressure is elevated or serious neuro- 
logical dj'sfunction exists. Tlie small indented depressions of infancy 
often are corrected with normal skull-brain growth. 

The Supportive Therapy of Diflfuse Neuronal Injury. — As the attend- 
ing phj'sician obser\’es a patient for the operative lesions of a closed head 
injury' described abo\’e, and even when these arc diagnosed and treated, 
he is engaged in a scries of measures dcsignc<l to support the physiologj’ 
of an unconscious patient. The therapy of diffuse head injuiy has aroused 
much controversj’, centering largely around the use of lumbar puncture 
and the use of deh3*drating solutions. 

The diagnostic and therapeutic values of lumbar puncture seem ov'er- 
rated. There is some doubt that accurate measurements of intracranial 
pressure can be made in restless patients and even in cooperative indi- 
riduals, there is some evidence that an accurate index of intracranial 
pressure cannot be obtained by spinal subarachnoid puncture.** Spinal 
puncture will show the presence of subarachnoid hemorrhage but 
bpTong“ has shown that such bleeding cannot be reduced by spinal fluid 
drainage and Meredith supports this finding.** Clinical c.xpericnco has 
shown in the subarachnoid hemorrhage of congenital cerebral aneurysm 
that spinal fluid drainage may precipitate fresh bleeding. This danger 
and that of increasing an early uncal herniation appear to be valid ones. 
In acute lesions, spinal puncture Is valuable in terms of differential 
diagnosis; spina! puncture and drainage of small amounts of fluid appear 
worthwhile in patients exhibiting headache during the convalescent 
period. 


Jnlravencus hypertonic solutions have been used to reduce intracranial 
pressure resulting from the assumed presence of cerebral edema in head 
injurj'. Russell** was unable to show consistent reduction of intracranial 
pressure with hj'pertonic sucrose solutions and suggested that such 
solutions reduced the fluid content of normal brain and not of areas of 
eerebral edema. Browder** has warned against the use of hypertonic 
solutions. On the other hand, Shenkins and his co-w’orkers** have demon- 
® rated an improvement in cerebral circulation following the reduction of 
^ raeranial pressure by dehydrating agents. The use of passive dehy- 
ration bj* withholding fluid seems likewise based upon physiological 
e^ning that cannot be substantiated. 

he control of convulsions and restlessness secondary to acute head 
uina are everj’day clinical problems. An acute convulsive state, at 
®es resembling status epiJepticus, may follow within minutes after 
manifestation of cortical injury is particularly noted in 
wren. Localized, and occasionally, generalized seizures occur as part 
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of the syndrome of extradural hematoma and anti-con^iilsant therapy 
must be predicated on exclusion of this diagnosis. In children, subcuta* 
neous administration of sodium phenobarbitai in 30 to GO rag. doses is 
advisable In young adults, the dow administration of sodium amytal 
0.1 intravenously will suffice to control such seizures. 


repeated doses, is often sufiicient to control c-vtrcnie degrees of hyper- 
activity. Temperature levels over 104®F. representing cerebral hyper- 
thermia must be controlled by tepid water sponge baths or in extreme 
cases by iced alcohol towels. 

Clinical experience lias shoim that the well-being of patients with 
diffuse brain damage depends more upon general supportive measures 
than upon reduction in mtracmmal procure. White and his group®* 
have demonstrated an increase in brain volume with anoxia and 
cerebral congestion with hypercapnia The resuscitation measures ear- 
lier described will insure a clear oinvay and the introduction of o.\ygeo 
by any technic available will answer the increased need for oxygen 
demonstrated by the traumatized hrain. 

Full hydration and adequate nutrition must be maintained. An adult 
should receix'c 3000 cc. of fluid ex'cry twenty-four hours in three divided 
intravenous administrations and in cxcessix'cly warm weather or in verj’ 
restless patients, an additional 1000 cc. of fluid is indicated. A fix'® per 
cent solution of dc.vtrosc in physiological saline solution and in distilled 
water in equal parts is desirable. At the end of three days, nutritional 
requirements should be met by intermittent nasal feedings of the follow- 
ing formulae. 

Food Weight, gm Cai 

4U 
215 
316 
46 

99 ! 

13S 
'.’69 
3!6 
46 
478 
S32 

2079 


XVbolemilk 
Skim milk powder 
Ical/cc. Eggs, 4 

Tomato juice 

Total, 1000 cc 

Whole iHiik 
Skim milk powder 
Seal /cc. Eggs, 4 

Tomatojuice 
Sugar , 

Cream (20%) 

inno/./. 


200 

200 

120 

400 


(Low Fat) 

Skim milk 

1 caJ /cc. Tamatojmee. 

Skim milk powder 


SOO 

200 

200 


2S0 

46 

ns 


1044 


Total, 1000 cc. . 
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Oral hygiene must be maintained. If urinary’ control is lost, soiling may 
be controlled by an open condom drainage system or by an indwelling 
catheter. Comatose patients must be tumetl at two hour inter\’als and 
their ainvays continuously cleared to prevent anoxia and aspiration. 
Prophylactic penicillin therapy is sometimes indicated to prevent respira- 
or infection or parotitis. 

In closing this discussion of closed head injuries, it is well to mention 
three rare varieties of injury, that relatc<l to thrombosis of major 
vessels,**. that related to blast •* and that related to the passage of 
electricity.** 

THE DIAGNOSIS AND THERAPY OF OPEN HEAD INJURIES 

All that has been r\Tittcn concerning resuscitation, emergency therapy 
and the neurologic and radiologic diagnosis applies even more forcibly to 
patients with open or compound head injuries. Shock may be more pro- 
found due to blood loss and in open frontal-facial wounds in particular, 
the maintenance of an open airway may present difllculties that can 
be answered only by a tracheotomy. 

Examination of the local wound by moans of a gloved finger or by 
means of an instrument should be held to a minimum. Injury’ to the 
meninges or to brain tissue may be recognized by drainage of subarach- 
noid fluid or by the expulsion of traumatized brain fragments from the 
n’ound. The appearance of subarachnoid fluid from the nose or ear is 
pathognomonic of a special type of open head injury’ through the frontal 
sinus, the cribriform plate and the mastoid. The definite diagnosis of an 
open head injurj’ and its extent if it c.\ists can often be determined only 
at operation. Scalp laceration should be treated therefore with respect. 

Anesthesia and Definitive Repair. — In major injuries, as a general 
rule, endotracheal ether anesthesia is the method of choice. In relatively 
mild injuries in conscious, wcll-intcgratcd adult patients, local anesthesia 
may be used. The time of operative repair depends upon the results of 
resuscitation, if this has been deemed necessary, and to a lesser extent, 
upon the existence of severe, concomitant body injury. There should be no 
unseemly rush to the operating room — on the other hand, little is gained in 
^vercly injured patients after the first few hours of supportive therapy, 
fne average time for the start of definitive repair will be found in the 
bme range of 90 to 120 minutes after admission in uncomplicated cases. 
Definitive repair of the compound head wound (Fig. 589) should be and 
can bo deferred until an intra-abdominal hemorrhage is controlled, a 
perforating chest wound closed or a fractured femur reduced and the like. 

the opemtive repair must be considered as a single, all-inclusive re- 
moval (ddbridement) of all damaged tissue followed by such repair 
measures that will insure the reduction of an open or compound head 
Injury into a simple, undrained dosed head injury. This implies essen- 
la (y the removal of necrotic scalp edges, free bone fragments, foreign 
tes, blood clot and damaged brain followed by fluid-tight closure of 
^ and scalp without drainage. 
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SURGICAL PHYSIOLOGY OF THE THYROID 

Oliver Cope, M.D., r\A.C.S.* and SeuvynTaylor, M.Cii., F.R.C.S.f 

The purpose of this paper is to present a succinct review of thyroid 
physiology', stressing those aspects of the subject which should be known 
by the sui^oon undertaking the management of patients A\ith thyroid 
disease. The last decade has witnessed the discovery’ of a number of new 
tools for the investigation of thyroid activity', outstanding among 
these being thiouracil and radioactive iodine. As a result, our knowledge 
of normal and pathological thyroid function presents an ever widening 
horizon, so that a review of this nature cannot hope to be complete. 

NORMAL PHYSIOLOGY 

The comparative anatomy' and physiology,' of the thyToid gland shows 
that its functions in all vertebrates arc essentially the same. It is unique 
in that it is the only' endocrine gland in the body which secretes a hor- 
mone, stores it outside the cells, and releases it into the circulation as 
required.* The secretory unit of the gland is the follicle, the colls of which 
manufacture the hormone thyro.xinc* and store it within the lumen of the 
follicle as a protein bound substance, thyroglobuhn. An average follicle 
has a diameter of appro>dmatcIy 300 microns/ but there is a wide varia- 
tion in the normal, the epithelium is one cell deep and these acinar cells 
are roughly as broad as they arc tall; they show characteristic devia- 
tions from this pattern \\it\i changes in their secretory activity, the 
gland is in a resting phase, these cells become flattened, whereas during 
increased secretory activity they’ become tall and Rawson^ has used the 
measurement of mean acinar cell height as an indication of thyroid 
activity. The homogeneous, eosinophilic substance which fills the follicle 
is usually’ called colloid. It has a protein structure,® contains iodine and 
IS probably stored thyToglobulin. Vacuoles may be seen in the colloid, 
especially’ in thy'rotoxicosis, but are probably artifacts due to histo- 
logical methods.’ They sen-e however, as a moderately’ reliable index of 
increased activity’. The manufacture of colloid by’ the acinar cells was 
first recorded as long ago as 1892 and recently it has been well demon- 
strated by De Robertis* using a freezing-drying technic. He showed that 
the thyToid cells secreted colloid, droplets of which could be seen travel- 
ing towards the lumen of the follicle. Since the thyroglobuhn molecule 
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^^*^°^nool at the Massachusetts General Hospital, Boston. 
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\ras too large to permeate the cell membrane he explained this as due to 
the action of a proteolytic engine Mhich split domi the larger molecule 
mto thyroxine-containing peptones or polypeptides De Robertis»-“ 
u’as able to demonstrate the presence of such proteases in thyroid tissue. 

Kendall^ was the first to cvtract a pure crj’stalline hormone from the 
thjTOrd and to this he gave the name "thyroxine/" Subsequentiy Karing- 
ton” succeeded in synthesizing this substance and showed it to have the 
chemical formula ■ 




NJIi 

COOJI 


He postulated tliat rt u-as produced in the gland by the interaction of 2 
molecules of diiodotyrosmo uhich has the formula: 


iio/^ ^cii,.cn 

I ^ '^COOJX 

Thus it IS seen that the raw materials for the manufacture of the thyroid 
secretion arc the amino acid tyrosine and iodine which inter-rcact in the 
thyroid ceils with the eventual production of thjTOglobulln to be stoned 
mthm the follicle. This property of iodinating the protein molecule Is 
by no means a reaction cvclush'cly mediated by the thyroid, Abelm'* 
discovered in W3-1 that he could lodinate protcioa iridch op m)eclioa 
into rats produced exactly the same symptoms as an injection of thy- 
roxine Subsequently Lcrman and Salter'* produced complete substitutes 
for thyroxine using in vitro preparations of scrum albumin and iodine. 
Dunng the recent ivar iodmated casein was developed on a commercial 
scale m England for the stimulation of milk production in cow3.“ 


EKD ORGAN EFFECT 

The actions of the thyroid hormone on the various tissues of the l^y 
arc extremely diverse, but it will serve our purpose here to consider th^ 
under two mam headings : (I ) the action of thyroxine on general metsp^- 
lism and (2) the action of thyroxine on the metabolism of certain specia - 
ized tissues. 

Action of Thyroxine on General Metabolism.— The effect 
on cellular metabolism can be compared to a draught on a ^e. The re 
in both cases is an increased consumption of oxygen with the prouuc • 
of heat. The hormone rcseniWcS in mmiy ways an enzyme' ^ . 

ajent, but so far we have no idea of the actual mechanism . 

works although we have many methods of ‘ije rate 

practicable of I' “= [,j. 

(B,M.R.) mtr^uced by „S standari 

determining the oxygen 
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resting conditions. In order to compare the B.M.Il. of different persons 
it is neccssarj' to express tlic results in terms of surfticc area of the 
individual and there are many tables which provide this information 
when the weight and height of the patient arc knoum. Tliesc figures are 
usually recorded as a percentage greater or less than the average found 
in normal individuals. 

Action of Thyroxine on the Metabolism of Certain Specialized Tissues, 
—Orowlh. — ^Thyroxine is necessmy for proper growth of the individual 
and tissue differentiation. Absence leads to cretinism, and Hertz’* showed 
that thyrotoxicosis in children was accompanied by an acceleration of 
normal growth. 

Prolein Mclahohsni. — Tliis is affected by the thyroid and in myx- 
edema a large amount of extra protein is stored in the body.’° 

Water Balance. — This comes under the control of tjiyroxine, the 
giving of thyroid to a patient always inducing a diuresis. 

Carbohydrate. — ^Thcre is a profound upset of carbohydrate metabo- 
lism accompanying ovoractivily of the thyroid gland. Glycosuria is often 
discovered in case of thyrotoxicosis, it is not due to a lack of insulin, nor 
to a lowered renal thrcsliold for glucose, nor is the fasting blood sugar level 
raised The glycosuria is produced by an alteration in the glucose toler- 
ance. If a thyrotoxic individual be given 100 gm. of glucose his blood 
sugar \riU rise to a higher peak than seen in a normal person.*’ 

In hyperthyroid animals it lias been shown that the liver has a sub- 
normal store of glycogen and even the administration of glucose will not 
restore liver glycogen to the average normal figure; similarly the ad- 
ministration of thyroxine depletes the liver of glycogen.** 

If a patient with thyrotoxicosis be given galactose by mouth and the 
level of the substance be determined at intervals in the blood, it will be 
found to reach a higher concentration than in a normal individual and at 
a greater speed. This result was attributed to a faster absorption of the 
galactose from the intestine than in hyperthyroidism.** Doubt has been 
cast on the validity of the test by Moseley and Chomock,** who in- 
tubated the intestine in normal and thyrotoxic subjects and showed that 
the galactose was not absorbed faster in the latter. Alorcover they found 
that the blood level of galactose did not bear a direct relationship to 
the absorption from the bowel and could be depressed by the previous 
ingestion of glucose 

Fal Metabolism and Cholesterol. — ^The thyroid undoubtedly affects 
the storage and mobilization of the body's lipoids. The blood cholesterol 
being significantly lowered in hyperthyroidism and elevated in myx- 
edema. Since there is a degree of correlation between the level of choles- 
terol in the blood and the basal mctabdic rate,** blood cholesterol deter- 
minations have been used in the diagnosis of thyroid disease, but are not 
very reliable since malnutrition lowers the blood cholesterol level inde- 
pendently of thyroid activity. It seems most probable that thyroxine 
takes effect by mobilizing cholesterol into or out of the blood stream 
and not by altering cholesterol metabolism.*® 
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Cenlral Nert'ous Sf/siem.—nypothypokUsm is accompaased by a 
slowing of the iadtviduars reaction time and cerebration Conversely, 


Exophthalmos.— Tl\yTOto'<\c(yi\3 is often accompanied by some pro- 
trusion of the eyeballs and retraction of the upper lids. Means” has 
drarni attention to those patients, usually middle aged males, who show 
minimal signs of Graves' disease but have ingra^’csccnt exophthalmos. 
Rundl and \Viison,“disscetingcYophfhalmos orbits postmortem, found an 
increase m fat, espociaily Uxat jnGhiatWff the ecubr mvst^es. Erpen- 
mentally, Dobjms” produced exophthalmos in guinea pigs by injections 
of thyrotropic hormone, there uas marked edema of the orbital fat and 
muscles with Ijraiphatic infiltration. An enormous literature has ap- 
peared on this subject and references to it may be found 
in Dobyns'**' ** and Mulvany’s” papers. Lid retraction disappears 
when the thyrotoxicosis is control^ but the relationship of thjToid 
stimulating hormone (T.S./f ) fowophthalmos in man is, however, stifl 
obscure 

Skeletal .1/we/e and Creatine Excretion. — M'lth hypersecretion of the 
thyroid there is alwaj'S some degree of myasthenia, ubich in severe cases 
may lead to marked muscle wasting with a concomitant creatinuna. 
The normal adult male docs not excrete creatine in the urine while the 
female may excrete small quantities periodically and large amounts in the 
puerperium It was first shown by Shaffer in I90S” that patients with 
thyrotoxicosis excrete largo amounts of creatine m the urine irith aa 
accompanying reduction m the output of creatinine. The degw o! 
creatinuna offers a fair intiication of the seventy of the thyrotoxicosis, 
but it is not pathognomonic of the disease, only indicating the extent of 
the accompanying myopathy,** since many diseases with muscle dys- 
trophy exhibit crcatinuriiu The determination of urinarj’ creatine is s 
simple iaboratorj’ tc.st and it has been employed as a diagnostic measure 
in doubtful cases of thyrotoxicosis. 

Cardiovascular System — Lcblond** has shown that thywaxine has a 
direct effect in stimuhating the heart's action quite apart from the in- 
direct demands made through increased metabolism. It would top 
appear that while the tissues require more o.xy'gen in thyrotoxicosis, 
the heart is stimulated to provide them with more blood to meet this 
demand. , , • *v. 

Other Endoennes . — The integration of the thyroid gland mth otner 
endocrines is complex in the extreme, but two facts stand out. The in- 
icetfon of thyroxine iahihits the thyroid gland. Thyroxina appeare to 
inhibit the secretion of thyrotropic honnone by the antenot pituitary. 
The first of these effects is not entirely dependent on the second since i 
has been shown that injection of thyroxine still inhibits tbjwoid activity 
in hypophyscctomized animals.** 

The secretion of the thyroid hormone ia subject to many fluctu 



STJnaiCAL PHYSIOLOOY OF THE THYROID 1645 

in the normal individual and these arc due to three main groups of causes. 
First, physiological variations in the other endocrine organs, especially 
the pituitary, produce changes in thyroid activity, e.g., minor altera- 
tions accompany each menstrual period, and pregnancy may lead to 
thyroid enlargement. Second, e.xposure to cold initiates a marked out- 
pouring of thyroxine thus increasing metabolism and helping to main- 
tain the body’s temperature. Conversely in hot climates there is some 
suppression of thyroid activity. Third, the thyroid gland has a vcr>' 
plentiful supply of fibres from the cervical sympathetic ncn'cs. Stimula- 
tion of these docs not show increased glandular activity, but after 
sjTnpathectomy in the experimental animal there is a fall in the B.M.R.,*’ 
and on exposure to cold there is a greater heat production than in a 
control animal. This suggests that the cervical sympathetic may have an 
inhibitory action on thyroid activity. On the other hand, Cannon** 
showed that cats developed exophthalmos goiter after anastomosis of the 
phrenic nerve to the cervical sympathetic chain. This was strong eindence 
that continued stimulation of the sympathetic led to oversecretion by 
the gland but in 1940 Friedgood and Cannon** showed that this stimula- 
tion of the thyroid had been routed through the anterior pituitarj’. 

TOOLS FOR MEASUREMENT OF THYROID ACTIYITY 

The minute amounts of iodine which are to be found in the circulating 
blood exist in two forms, inorganic iodide and protein bound iodide 
the latter often being referred to as hormonal iodide since 
it is probably thyroxine in combination mth a specific fraction of the 
plasma proteins. The circulation of these two forms of blood iodide is 
controlled by mechanisms which fix them in charasteristic sites**. 
The inorganic iodide is rapidly withdrawn from the circulation and 
fixed by the thyroid gland while the P.B.I. is mainly talcen up by the 
liver and the skeletal muscles.** The laboratory work necessary for the 
determination of P.B.I.** is complicated and time consuming so that 
it is of limited application in clinical investigation. The normal level 
of P.B.I. in man is between 4 and 8 micrograms per 100 cc.** with much 
higher figures in thyrotoxicosis and almost zero values in myxedema.*® 

The introduction of radioactive iodine, first as a diagnostic and later 
as a therapeutic measure m thyroid disease, has added enormously to 
our knowledge of normal thyroid physiology. Of the various isotopes 
of iodine, which has a half-life of eight days has proved to be the most 
useful. The first studies in this field were made by Hertz and his as- 
sociates in Boston in 1938**, Hamilton and Soley in California, 1939** 
and Lcblond and his co-workers in Paris and later in Montreal, 1940.** 
Hertz and his associates have shown that after the administration of 
radioactive iodine, the normal thyroid collects far more than does any 
other tissue in the body,*’ the percentage collected reaching a maximum 
in one to three days. It must be emphasized that this is the fate of a 
physiologic^ dose of iodide. If an ordinary intravenous injection of 
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inhibition by the cerebral cortex might lead to an imbalance of the 
hypothalamic centers, with a resulting increased stimulation of the 
anterior pituitary and an outpourmg of T.S.H. Heinbeckeri* has at- 


The activity of the thyroid gland can be reduced by many agents. 
Perhaps the most direct is that of euigical obJatjon, but next lo this 
roentgen irradiation is a direct method of causing partial destruction 
of the gland Solej**^ was able to render patients with hyperthyroidism 
euthjTOid, i e , of normal thyroid function, by administering 150 r daily 
for six daj's Many workers in this field have obtained equivocal results 
from irradiation of the thyroid, probably because dosage was not suitably 
controlled. 

There is some cmdcnce in support of a direct relationship between 
the thjToid and ovaries and testes, although there is much clinical 
observation to suggest such a connection may n-ell be nonspecific. 
Hyperthyroidism is often accompanied by an increase in libido, myx- 
edema invariably by a decrease. The reverse mechanism, J.e, the 
effect of sex hormones on the tlo^roid, appears to u'ork almost exclusively 
through the anterior pituitary.** Large doses of estrogens markedly 
reduce thyroid activity and this can be shoum to be accompanied by o 
diminution in the amount of circulating T.S.H. 

Goitrogens . — Udine Defietency and E^mic Goiter , — ^The association 
of goiter wnth a lack of iodine in the diet has been observed from time 
iimnemonal. At intervals through the ages iodine has been employed 
os a prophylactic and there is a record in Egyptian hieroglyphics of the 
treatment of goiter by burnt sponge. In the Great Lakes district of 
North Amenca, in Sivitcerland and m South Island, New Zealand, 
endemic goiter is widespread. One prime factor which all these districts 
have in common is the low concctilralion of iodine in the water. Careful 
surveys have been made in many of these regions, e g , McCarrison** 
in India, which bring out the fact that this patchy distribution is prob- 
ably due to local differences in the diet and sanitation of the population. 
The nat' ' ' * ' ' ~ oitifiipd and 

most cle. . • . • • 


in early 

per cent of girls present such an enlargement. At puberty the gouci^ la 
prominent*^ but as time passes it is common for it to diminish in Kie 
in the male sex while persisting in the female. In the adult wom^ 
such a gland is liable to enlarge during pregnancy and by the fwrth 
decade it is often discovered to have beimroe nodular. These nodules 

may be of £ •'•»y tend to 

degenerate ' ^ 

sometimes., ■ Ptessnm 

of the colloid in the cysts may alter and occasionally there is nemor- 



SURGICAL PUY8I0L0GY OT THE TUTROID 


1G49 


rhage into one of them. The last chapter in this natural history reveals a 
patient u-ith a large multinodular, qrstic, colloid gland--the pudding- 
stone goiter of German authors. 

As a result of extensive clinical obser\'ation and animal experiments, 
McCarrison’* working in India differentiated between two main types 
of endemic goHerj the one found in mountainous areas, the other in the 
lowlands. The mountainous variety first appeared in childhood as a 
diffuse enlargement of the gland which was poor in colloid. It continued 
to grow slowly but steadily until the age of CO, becoming nodular in 
the process. It rarely gave rise to thyrotoxicosis and in the event of 
pregnancy the mother might be precipitated into a hypothyroid state, 
giving birth to a cretin. This variety of goiter was more prevalent when 
the water supply was contaminated with feces. In contradistinction the 
lowland type was a diffuse colloid goiter commonly occurring at puberty 
and tailing off at 25 to 30 years. If it was very endemic the sex ratio 
might be equal and thyrotoxicosis frequently developed. This type of 
goiter, McCarrison attributed to an cxce^ of lime in the district. 

Cabbage Goiter . — ^In 1928 Chesney** discovered that rabbits fed on a 
diet consisting largely of cabbage, developed goiters The longer cabbage 
was given the larger was the goiter, and microscopically there was hy- 
perplasia of the gland without colloid in the follicles. At necropsy the 
suprarenals were also found enlarged and it was occasionally noticed that 
the rabbits developed exophthalmos. On further investigation it was 
shown that the larger the goiter, the lower the basal metabolic rate.*® 
Finally, Lugol’s iodine when given to normal rabbits caused a tem- 
porary lowering of the B.M.R. and colloid storage in the thyroid; 
when given to these goitrous rabbits it elevated the basal metabolic 
rate and the animals became emaciated and died. The glands showed 
areas of hyperinvolution like colloid adenomas in a generally hyperplas- 
tic stroma. This is reminiscent of the Jodbasedow of Switzerland, 
thyrotoxicosis supposedly induced by the giving of iodine to a patient 
with a simple nodular goiter. McCarrison*® confirmed the production of 
cabbage goiter in rabbits in India, at the same time showing that the 
excretion of iodine in the urine was inversely proportional to the size 
of the gland. 

In Australia, Kennedy and Purves** showed that the giving of Bras- 
sica seeds to rats had the same goitrogenic effect as cabbage in rabbits. 
They discovered that these goitrous rats showed pituitary changes: 
rapid increase in the number of basophil cells with hyalinization, 
vacuolation and formation of signcl-ring cells with a simultaneous 
decrease in the acidophil cells. A tentative suggestion was made that the 
basophils might be the source of thyroid stimulating hormone.®* Finally 
they found that Brassica seed had no effect on the thyroid in hypophy- 
sectomised rats, moreover if hyperplasia of the thyroid w’as already 
present, removal of the pituitary caused the goiter to diminish and 
colloid to reappear in its follicles.*® Astwood** has recently isolated a 
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goitrogenic factor from turnips and cabbage seed which he also finds 
di<5tributed throughout the mustard famUy. It is 1.5.vinyi 2.thio*oxa- 
zoiidone and has one-fifth the acthity of thiouracil, 

Suljonamtdes . — In 1941 the McKeazic'^ found that the administra- 
tion of sulfaguanidine to rats for a prolonged period also bad a goitro- 
genic clTcct, producing an enlarged liyperplastic thjToid, free from col- 
loid, accompanieif by a lowered basal metabolic rate. This discovery 
heralded a new era m the treatment and understanding of hyperthyroid- 
ism. The McKenzies in DaUimorc,” Kennetly in Neiv Zealand,® and 
Astwood in iloston* all made I'aluable contributions to this field during 
the next three years Astwood investigated the action of many of these 
antithyroid drugs** and was responsible for the introduction of thiouracil 
as a therapeutic agent m 1043 Before attempting to describe the manner 
m which thiouracil produces its effect it will be helpful to describe one 
other type of antithyroid substance, 

TAtoci/onate.—Potassium thiocyanate, which was prenously used 
in the treatment of hypertension, may produce enlargement of the 
thjToid, decrease the gland's uptake of iodine and lower the basal 
metabolic rate ” McGinty’e work** suggests that potassium thiocya- 
nate forms a stable compound with Iodine, this prcvcsti the iodisation 
of tyrosme and thyroglobuUn. Thus the thyroxine level in the blood 
falls, and lacking its stimulus the anterior pituitary puts out more 
thyroid stimulating hormone and the thyroid becomes hyperplastic. 

Administration of excess iodine ml! prevent these changes taking 
place because, although the thiocyanate prevents the usual concentra- 
tion of i<iditM> in the thyroid gland, sufficient ihffuscs through from the 
blood stream to allow tliyrotinc manufacture to continue.® 

Thiouracil . — The actu.nl mecJi.nnism by which thiouracil inhibits the 
manufacture of thyro.vine has not been determined although already a 
vast literature has grown up on the subject.**- The active radical is the 
thiocarbonamide grouping and a great many I'ariants have been used 
experimentally and clinically. TliiouracH doex not inhibit the accumula- 
tion of iodide by the thyroid gland but it does prevent the production 
of thyroxine \ thus the patient has a lowering of the basal metabohe rate 
while the gland becomes microscopically hyperplastic, presumably 
stimulated by the pituitary. Various specific enzyme s}’stems 
are necessary for thyroxine formation have been thought to be inhibited 
by thiouracil: cytochrome-oxidasc,*' tyrosinase** and peroxidase;'*’ ex- 
perimental work has not finally incriminated any one of them. Ast- 
wood’s’®' review of this subject should be consulted for further infonna- 
tion. , 

JodiM . — Iodine has no effect on the thyroid function of a 


and their only merit lies in the amount of available iodide ; thus 30 drops 
of Lugol’s solution is equixxilcnt to 4| grains of potassium iodine or 4 
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grains of sodium iodide.*” If it is completely absorbed, one drop of 
Lugol’s solution or G mg. of iodine per day will produce tlic maximum 
effect. After approximately twenty days the effect of the iodine begins 
to wear off, if continued it may even augment the thyrotoxicosis. Robert- 
son*®* has analysed four different types of response to iodine medication 
in hjTJerthyroidism as measured bj' the B.M.R. In tlio first type the 
B.M.R. falls gradually to normal, in the second there is a partial fall to a 
new level which is then sustained, in the third there is a sharp fall fol- 
lowed by a sharp rise to the original B.M.R., while the fourth and rarest 
type exhibits a rise in B.M.R. Tlie interpretation of the effect of iodine 
in hyperthyroidism is still unexplained. Possibly tlie excess iodide in the 
gland favors the storage of thyroxine as thyroglobulin or it may inhibit 
the production of TS.II. by the pituitarj'- Even when administered 
concurrently ith thiouracil, iodine causes colloid storage and involution 
of the gland. Means*®* has postulated a dual role for iodine: one, iodinat- 
ing or nutritive, the other involuting. 

The Pttamias. — The interrelations between thyroid function and 
vitamin metabolism have been reviewed by Drill.*®* There is good 
evidence that in hypothyroid states carotene is not synthesized to 
vitamin A, while a deficiency of vitamin A leads to tliyroid ovcraction.*®* 
McCarrison was the first to report thyroid liypcrplasia in pigeons on a 
diet of polished rice. Clinically tliyrotoxicosis increases the require- 
ments of vitamins Bt, Be and pantothenic acid. Scurvy produces a 
hemorrhagic enlargement of the thyroid In animals and in cases of 
hyperthyroidism more vitamin C is used in the body. There is thus ample 
experimental evidence for the administration of large doses of vitamins 
A, B and C to patients with thyroto.xicosis. 

Thyroxine . — The administration of thyroxine to the intact animal 
produces regressive changes in the thyroid gland similar to those fol- 
lowing hypophysectomy. The balance between anterior pituitary and 
thyroid is a delicate one and it is possible that thyroxine may directly 
inhibit the action of thyroid stimulating hormone upon the thyroid,*®* 
as well as depressing the production of T.S.H. by the anterior pituitary. 
Cope*®* has shown that the presence of a hyperfunctioning adenoma of 
the thyroid gland nil! depress the activity of the remainder of the thy- 
roid. 

In addition to all the goitrogenic factors which have been mentioned 
there arc three other ways in w’hich thyroid activity may be reduced in 
man : (1) Surgery offers a ready means of lowering the output of thyrox- 
ine by an amount which can be accurately determined. (2) The adminis- 
tration of a therapeutic dose of radioactive iodine will also destroy 
thyroid tissue in proportion to the amount which is retained by the gland. 
This amount can in part be determined by the percentage uptake of a 
tracer dose and also by assessing clinically the approximate size of the 
gland. Finally (3) ihyroidUis whether of the chronic inflammatory type 
associated with the name of Riedel, or more especially if of the lymphad- 
enoid type of Hashimoto, will in time retluce the functioning amount of 
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tissue It IS hoped that the appliCAtion of surgical ph 3 ^iQlogicaI pnn* 
ciples n’jll offer treatment for the metastases of malignant thjToid 
disease Since by total thyroidectomy the metastases are induced to 
taice on thyroxine production, this enables them to concentrate radio- 
active iodine which can be adnsinistered in therapeutic doses. 

RACIAL ANP FAMaUt PACrORS 

Tiiere appears to be some evidence for an ethnographic explanation 

for the distribution of ‘ • - * . - , 

the pcTceniagc popuh 
highest incidence in tJ 
tants of the islands ar 
arc the dark haired, h 

eyed nordic invader a , • _ * 

tried to define the “individual" likely to develop Graves disease. 

Heredity"® certainly plays an important part in liyporthiToidism 
Boas and Ober’" reported no fewer than eleven cases in three genemtiens 
of a single family and tJierc are many other examples of a similar nature. 
In addition to the factor of susceptibilit 3 ' of certain individuals to 
thyrotoxicosis it is a disease which occasionally appears in epidemio 
form. Plummer*’* reported such an outbreak in Minnesota ja 1931 and 
Meulengracht"* has described a more recent one m Penmark which 
occurred dunng enemy occupation. Despite more than a thousand 
years of careful cluiical observation and the varied experimental inves- 
tigations of the present century, the cause of liypcrlhyroidism remains 
unsolved. 
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THE SURGICAL PHYSIOLOGY OF THE BREAST 


C. D. Haagensen, M.D.* 

Abnormalities in the physiology of the breast certainly play a great 
role in the diseases of the breast. AVc have come to realize this fact 
not because we know much about the physiologj' of the breast, for we 
do not, but because a whole series of clinical observations relating 
hormonal effects to clinical disease in the breast have made us aware of 
it. Clinical empiricism is leading us toward an understanding of normal 
physiology. 

As yet it has not led us very far, however. We know that the pituitarj’, 
the adrenals and the gonads are all concerned in the control of the 
growth and the function of the breast. But our knowledge of the mech- 
anism by which the pituitary and adrenals affect the breast is only 
theoretical, and mil have to aw’ait further progress by the chemists in 
the separation of these hormones. The gonadal hormones, concerning 
which we have a good deal of practical knowledge as to their effects 
on the breast, must be considered individually. 

The estrogens, or ovarian follicular hormones, make the mammary 
epithelium grow. This fundamental estrogenic effect has been most 
extensively studied in the mouse (Haagenson and Randall). The effect 
varies somewhat with the strain of mice used, but the amount of epi* 
thelial proliferation that can be produced by the injection of estrogen 
in both female and male mice is striking. 

AVe are now beginning to see a similar evidence in the human breast, 
female as well as male, wnth the widespread use of estrogens therapeu- 
tically. The administration of estrogen for gonorrheal vaginitis in 
infants produces temporary mammary growth. It is also a well established 
clinical fact that the administration of estrogen to adult females will 
make the breasts enlarge. We have studied a number of adult female 
breasts microscopically after long-continued estrogen therapy. They 
show essentially the same intense epithelial proliferation that w’e have 
been accustomed to see in the mouse breast. In the human breast the 
form which the proliferation takes is more varied than in the mouse 
breast, and includes virtually all the forms of epithelial growth that 
we see in surgical specimens of breast disease, including adenosis, 
intraductal papillary proliferation, cystic disease, and even carcinoma 
(Auchincloss and Haagensen). AVe have also studied several adult 
human male breasts following estrogen therapy, and have seen in them 
proliferation of the epithelium, and carcinoma. Similar reports of the 
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development of carcinoma of the male breast as the result of long con- 
tinued estrogen treatment of prostatic carcinoma ore beginning to appear 
from other clinics (Guardini). 

The androgenSy derived from the testicle, have in general a restraining 
effect upon the gron*th of normal mammary epithelium. In mice this 
IS evidenced by an inhibition of the growth of the breast m female 
mice heavily treated inth testosterone, and a diminution in the expected 
incidence of spontaneous mammary carcinoma (Nathanson and Andcr- 
ront). For the human female breast adequate microscopical evidence 
bearing on this question is not yet available. There is some suggestion 
that the administration of testosterone diminishes the cyclical engorge- 
ment of the breast, but ivo know that the cyclical changes are vascular 
rather than epithelial. 

Our greatest handicap to better understanding of the physiology of 
the ovarian and testicular hormones is our imperfect knowledge of the 
manner in which they arc stored, broken doini and e-vcrcted. Much 
interesting rcsearcli is now under way concerning these questions and 
we may hope that the chemists will in the near future give us infoimation 
that will be of practical value in guiding ug in our clinical use of these 
hormones. For the present all that %ve can do is to review the results 
of the empirical use of the-so hormones in the various diseases of the 
hroa.st. 


abnormal enlargement of the breast 

Prepubertal Enlargement — It Is not rare for female children of 10 
to 14 years of age to develop enlaigoment of one breast well in advance 
of enlargement of the other. This need be no cause for alarm and requires 
no treatment, 

In boys, just before or at the age of puberty, there is occasionally 
abnormal enlargement of one or both breasts. It takes the form of a 
discoid mass beneath the areola, which may be somewhat firm, and 
is often tender Microscopically these lesions consist of prolifeiating 
ducts Nathanson (1942) has shoim that there is an atj'pieal unoary 
excretion of estrogens and 17-ketostcroids in these patients, indicating 
an estrogen imbalance. Surgeons hare often excised these lesions, quite 
unnecessarily we behere, for if nothing is done they will regress spon- 
taneously after some months. 

Postpubertal Enlargement, — In the adult female the breasts vap 
80 much in size tliat it is difficult to define what is abnonnal. A msjonty 
of women have slight differences in the size of their breasts. In 
undeniable hypertrophy occurs, and one or both breasts enlarge st 
ingly. Such enlargement must be of hormonal origin, but we hare n 
understanding of the exact nature of tlie hormonal imbalance. »> e a\ 
not attempted to treat such abnormalities with hormones, 
plastic operations to correct the defomiity when it is too ' 

Microscopically some of these very large breasts contain normal gi 
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dular elements, but in most of them tho glandular structure is under- 
developed and the bulk of the tissue is made up of fat and stroma. 

In older men, between the ages of 45 and C5, enlai^emcnt of one or 
both breasts may develop. The lesion resembles that occurring in boys 
at puberty. It forms a firm discoid mass beneath the areola. It is usually 
tender. Within six months to a j'ear it will regress spontaneously. Mi- 
croscopically these lesions show proliferation of ducts, with little or no 
acinar development. Nathanson (1947) has found changes in sex hormone 
excretion in these patients similar to those he found in adolescents with 
breast hypertrophy. 

This lesion must, of course, be distinguished from carcinoma of the 
male breast. Carcinoma forms a nontendcr, hard, irregular mass, rather 
than a tender, firm, rounded, tumor. Carcinoma is usually abnormally 
fixed to cither the underlying fascia or the overlying skin, while a hyper- 
trophic mammary gland lacks retraction signs. 

If it is decided that no treatment is required for simple enlargement 
of the male breast, as is our preference, it is wise to re-examine the lesion 
every few months until it has disappeared, in order to make certain 
that carcinoma is not being missed. 

Hypertrophy of the breast in males has also been seen in association 
with chorionepitholioma of the testes (Gilbert), interstitial tumor of the 
testicle (Hunt and Budd, adrenal cortical tumors (Simpson and Joll), 
pituitary tumors (Moehlig) and cirrhosis of tho hver (Edmondson, 
Glass and Soil). 


FIBROADENOMATOSIS OF THE BREAST 

Fibroadenomas and adenomas of the breast ordinarily occur in 
younger women, not infrequently developing in the first few years after 
puberty. They rarely originate after the menopause, but may persist as 
inactive and sometimes calcified tumors in old age. This age incidence, 
of course, suggests that fibroadenomatosis is in some way related to 
estrogen production, but Nathanson (1947) found no abnormalities in 
careful excretion studies in a series of these cases. 

There is a very real racial predisposition to this disease, for it is 
inordinately frequent in young Negro women. In them multiple fibro- 
adenomas often develop, a phenomenon which is decidedly less frequent 
in white women. 

Neither estrogen nor androgen therapy has any apparent effect upon 
fibroadenomatosis. It is a far cry to relate the effects of these hormones 
upon fibroadenomas in rats (Hciman) to their effects upon human 
beings 


FIBROUS DISEASE OF THE BREAST 

Fibrous disease is a lesion occurring in the breasts of women, usually 
between the ages of 25 and 50, characterized by an abnormal and ir- 
regular engorgement, which is often painful, and proliferation of the 
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fibrous stroma of the breast to form nodules and sometimes discrete 
tumor masses. This proliferation is most often seen in the upper outer 
sector of the breast, and is not infrequently bilateral. 

This is one of the most difficult lesions for the clinician to evaluate. 
He IS usually attempting to assess a degree of increased nodularity. 
This, in most cases, will not require surgical investigation, but when 
the lesion is more localized and forms a someivhat discrete tumor he 
faces the hazard of confusing it with carcinoma and is forced to biopsy 
it No lesion in the breast demands bo much experience for its correct 
evaluation. The surgeon should not operate upon fibrous mastitis for 
it is a harmless lesion, yet he must never miss a carcinoma. 

It may well be that we are including in our ^mdrome of fibrous masti- 
tis several diiTerent clinical entities. If so, they have the common feature 
of showing on microscopical study nothing more than noncncapsulated 
areas of increased density of the fibrous stroma of the breast. The epi- 
thelial elements show no proliferation whatever. 

This lesion must be the result of some hormonal imbalance, for it is 
often only a part of a sjmdrome including several other signs and symp- 
toms of endocrine abnormality. These women sometimes have a hair 
distributioD that tends to be masculine, including a good deal of hair 
on the breasts. They often have a lowered fertility or are sterile. Their 
menses arc often abnormal Taylor (1930) has emphasized the frequent 
association of disease in the pelvic organs uith this breast lesion. 

Unfortunately we have no real knowledge of the nature of the endo- 
crine imbalance in these patients. Taylor (1942) and Nathanson (194^ 
have reported that studies of estrogen excretion and gonadotropic 
hormone assay have revealed no gross abnormalities. 

Under these circumstances we have not attempted any hormonal 
therapy, fearing to do more harm than good. Fibrous mastitis has a very 
vanable course, showing rcmissioris and e.xacerbations, and usually 
subsiding by the time of the menopause. 

CYSTIC DISEASE OF THE BREAST 

Cystic disease occurs in the breasts of mature women more often in 
the later years of the child-beanng period. It is a complex pathological 
process including cyst formation and several types of accoin^nying 
epithelial proliferation The disease sometimes involves all of both 
breasts, but ordinarily only a small sector of one breast shows grossly 
evident cysts. Since the cysts are certainly the result of some abnor- 
mality in the regulation of the growdh of the duct or acinar epithelium we 
may assume that the disease has a hormonal basis. 

The women who have cystic disease, however, do not ns a rule snow 
any other clinical evidences of abnormal hormonal function, urea 
cysts appear and enlarge, or diminish in size or disappear, in ^ 

way without any evident relationship to the menstrual cycle. Inere 
not available any adequate studies which show abnormalities m hormon 
metabolism in these patients. 
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Both estrogens and androgens have been much used therapeutically 
for cystic disease. We have not been convinced that cither of these 
hormones has any demonstrable effect upon the course of the disease, 
and we do not employ them. 

We have been for some years engaged in a long-term follow-up study 
of our patients with microscopically proved cystic disease, seeking to 
test the ^^^dely held hypothesis that cystic disease is a precursor of 
carcinoma of the breast. We have not as yet found an abnormally high 
incidence of carcinoma in our series of patients, and w’e therefore con- 
tinue to treat cystic disease conser\'ativcly. Since it is our practice to 
investigate every definite breast tumor surgically, a patient coming to 
us for the first time with a cyst has the cj'st, or cystic area of the breast, 
excised. This plan has the advantage of giving us reliable evidence as 
to the type and extent of the epithelial proliferation. If a tumor, which 
clinically seems to be a cyst, subsequently develops in such a patient 
we do not excise it but merelj' aspirate it. If aspiration obtains fluid 
and the tumor collapses and disappears we are content. If w'c can not 
get rid of the tumor by aspiration we arc, of course, forced to investigate 
it surgically. Wo do not believe, however, that simple mastectomy is 
required for recurrent cystic disease. 

ADENOSIS OF THE BREAST 

A special form of benign localized proliferation of ducts and acini, 
that was called sclerosing adenosis by Ewing, is important because it 
may closely simulate carcinoma both clinically and microscopically. 
Adenosis of so minor a degree that it docs not form a tumor and is 
seen only microscopically is a not infrequent incidental finding in the 
breasts of adult women. But occasionally it grows to form a definite 
tumor w’hich cannot be distinguished clinically or in its gross appearance 
from carcinoma. Microscopically the distinction is evident enough to 
an experienced pathologist, but pathologists not entirely familiar with 
adenosis have often been led by its infiltrating character to call it car- 
cinoma. 

Adenosis is not associated with any clinical signs of hormonal im- 
balance, and we are not familiar with any excretion studies of patients 
developing it. 


INTRADUCTAL PAPILLOMA OF THE BREAST 

Intraductal papilloma, the lesion ordinarily responsible for serous or 
bloody discharge from the nipple, is not accompanied by any clinical 
signs of hormonal imbalance, and there are no reports of hormone 
excretion studies in patients with this lesion. 

We excise these lesions locally for they are benign and do not, in our 
opinion, undergo malignant transformation. We do not treat them with 
hormones. 
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CARCINOMA OF THE FEMALE BREAST 

Oophorectomy.— Over fifty yca» ago Mr. G. T. Bcatson (1896), a 
surgeon in Glasgoiv, observing that mammary function is dependent 
upon ovarian influences both in animals and human beings, began to 
perform oophorectomy in women vrith carcinoma of the breast. He 
obtained striking palliation in occasional eases. This was the first indica- 
tion that hormones arc in some manner concerned with breast cancer. 

Since then a great deal of experimental work, largely ivith mice in 
which the disease has, as in women, a high natural incidence, has proved 
that ovanan hormones play a definite role in the genesis of breast car- 
cinoma. Supprcsion of ovarian function decreases the incidence of the 
disease in females, uhilc the administration of largo amounts of estrogen 
speeds up its development. These hormonal effects are subservient, 
however, to another factor, probably a virus, which is present in the 


There aro certain clinical data that suggest that abnormal ovanan 
function plays a part in the ongin of breast cancer. The disease is indubi- 
tably more frequent in women who have not borne children than it is in 
those who have (Lanc-Claypon) Olch showed that delayed menopause 
is abnormally frequent m women who develop breast carcinoma. Hcrrell 
reported that women coming to the Mayo Clinic with breast cancer 
had less often had oophorectomy earlier in life than those who came to 
the clinic without breast carcinoma. 

On the other hand, excretion studies of estrogens and of 17-ketoster- 
Olds (Taylor and Tivomhley, IC-IS, i'Tathanson, 1043) have not shovm 
any abnormality in patients with breast carcinoma. 

Beatson's early efforts to palliate breast carcinoma by oophorectomy 
led to nothing very definite, although the operation ivas talven up by 
several surgeons, with the result tliat by 1905 ^fr. H. was able to 
collect reports of results in ninety-nine inoperable cases of carcinoma 
of the breast Seventy-five of these patients were under 50 years of age. 
In tiiis group 29.3 per cent were reported to have shonn considerable 
though temporary irapro^’cmcnt, chiefly of superficial lesions. Beatsim 
himself, reporting his further c-xpcricnccs with the operation in 
w'as less enthusiastic He had narrowed the indications for the operabon 
doivn to a comparatively small group of patients who had not reached 
the menopau.se and whose disease was not acute. In these the ® 
effects were temporary and chiefly concerned cutaneous ana subcu- 
taneous nodules. ^ u i nf 

The majority of surgeons remained unconvinced of the 
oophorectomy in carcinoma of the breast, and in 
radiation treatment which came on the scene during the next cc , 


Beatson’s operation was given up. 
Suppression of Ovarian Function by 


Irradiation.— The idea was 
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revived again in the early 1920*8 by W’lntz at Erlangen and by Ahlbom 
in Stockholm, who suppressed ovarian function by irradiation. Wintz 
claimed good results, but Ahlbom was unable to find any definite proof 
of the value of the treatment when he svm'cycd his results in 1930. 
The method was taken up in Boston by Dresser and case series begun 
both at the Pondvdlle State Hospital and at the Collis P. Huntington 
Memorial Hospital. Grantlcy Taylor (1939) has recently reviewed the 
experience and concluded that artificial menopause induced by radiation 
in patients with inoperable or rccurrcmt carcinoma of the breast has a 
definite palliative effect in about one-third. Bone metastases respond 
best. In a series of forty-seven cases of operable carcinoma of the breast 
in younger women, in whom artificial menopause was induced as a 
prophylactic measure, Taylor found no increase in the sunnval rate. 

Hormonal Treatment. — Recent attempts to influence the course of 
breast carcinoma by administering estrogens and androgens have 
produced some striking evidence that these hormones do have an impor- 
tant role in the disease. English radiothcrapeutists were the first to use 
estrogens. In 1944, before a session of the Radiologj' Section of the 
Royal Society of Medicine, reports of results in 1C8 patients treated 
iidth stilbestrol were presented. Among the 100 patients under GO years 
of age only 15 per cent showed any improvement, but among the sixty- 
eight patients over the age of CO, 47 per cent were benefited. In five of 
these patients the improvement was spectacular. 

About the same time that estrogen was being tried therapeutically, 
several clinicians began to give testosterone to patients with breast 
carcinoma (Loeser, 1939; Farrow and IVoodard, 1942; Fels, 1944; 
Prudente, 1945). It was at once apparent that this hormone is remark- 
ably effective in relieving the pain duo to bone metastases. 

By this time it was obvious that the accurate assessment of the real 
value of estrogens and androgens in the treatment of breast carcinoma 
would require accurate and prolonged study of a great many patients. 
In order to achieve this as quickly as possible the Therapeutic Trials 
Committee of the American Medical Association, in the fall of 1947, 
undertook to sponser a cooperative investigation of the question. A 
Subcommittee on Steroids and Cancer, consisting of Drs. Ira Nathanson, 
Frank Adair, Willard Allen and Earl T. Engle, was appointed. Under 
their guidance a plan of study and methods for collecting data were 
d^a^vn up. 

Four dosage schedules for testosterone proprionate were selected, as 
follows : 

Schedule A. 25 lug three times a week 
Schedule B: 50 mg three times a week 
Schedule C: 100 mg three times a week 
Schedule D; 200 mg. three times a week 

Each investigator was asked to use Schedule C for one-half of his pa- 
tients, and one of the other schedules for the other half of his patients. 
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Six different estrogens were selected for study and the dosage for 
each cstahhshed on the basis of the data available to the Subcommittee 
concerning its estrogenic potency. These estrogens and dosages were 
as foUon-s ; 


Dicthj’lstilbestrol , 

EthicyJ csCracitol. 

Premann 

Estradiol Dipropiortate 
Dicnestrol 

Djmethyl ether of diethylstilbeatro} 


. IS rag. dally 
. 3 mg daily 
. 30 mg daily 

. S mg two times weekly (I M ) 
15 sag daily 
. 30 mg daily 


The Subcommittee suggested llmt testosterone be used in patients 
of all ages whose predominate lesions were in the bones Estrogen was 
to be used in patients over GO years of age w hose lesions were predom- 
inately in the soft parts. iVo patient was to be treated with hormones whose 
disease miffht be aracna6/c to surgeri/ or trradiatiati. 

Forty-five different clinical groups collaborated so n'cll in the study 
that by hlareh, 1949, some 750 case reports uerc available for study 
by the Subcommittee. In 420 of these ca.ses tbere was at least one follow- 
up report. From these data, and from our onm experience with the use 
of these hormones in our own chnic, it is possible to draw some tentative 
conclusions 

Dosage Lncls. — The dosages of testosterone that have been used have 
probably been larger than is oecessarj’, because no differences were noted 
in the response to 50 mg. as compared with 200 mg. of the hormone 
given three times a week. A total dose of somewhat more than 3 gm. 
of testosterone is required for a mo-xiraum response. Time is also a factor 
in the response, two months at least of treatment being required for 
relief of siTTiptoras, 

With diethj'lstilbestrol, also, results were better in the patients 
receiving a total dose of 2 gm or more. A greater number of patients 
responded subjectively after two months, and objectii'ely after five 
months, of therapy, than did those treated for shorter periods of time. 

Therapeutic Results. — The results of hormone therapy should be es- 
timated on the basis of subjedict as well ns objective improvement. 
Subjective impro^'ement is improvement in the patient’s feeling of 
well-being, increased physical activity, and relief of pain irith discon- 
tinuance of medication for it. Objective improvement is the shrinkage 
or disappearance of visible or palpable tumor nodules or masses, the 
healing of ulcerated lesions, and the regression of lesions evident by 
x-rays in soft tissue or bone. 

TJie results in the cases reported to the Subcommittee are summed up 
in the following table. : 


Hesult 

Subjective Improvement 
Objective Improvement 
Soft tissues 

Bone 


Testosterone 
Proprionate 
{285 cases treated) 

55 per cent 

56 per cent 
. 18 per cent 


Estrogens 
(144 eases treated) 
62 per ceni 

27 per cent 
17 per cent 
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All observers recognize the fact that it is too early as yet to discuss 
with accuracy the duration of cither subjective or objective improve- 
ment. About 20 per cent of the testosterone treated patients who have 
been benefited in the Subcommittee’s data have been helped for nine 
months or more. The duration of palliation by estrogens has been about 
the same as i\*ith androgen. Two patients of our own have been to a 
considerable extent relieved of bone pain by testosterone for eighteen 
months. In other patients only three or four months of relief have been 
obtained. Wc must expect that the benefits obtained arc in all patients 
only temporarj', and that the disease always eventually gets beyond 
control. 

Associated Physiological Changes . — Although these hormones arc often 
beneficial, they regularly produce associated physiological changes 
which are unpleasant and even highly distressing to the patients. Tes- 
tosterone, when given in adequate dosages, produces hirsutism, coarsen- 
ing of the skin and acne, masculinization of the facial expression, deep- 
ening of the voice, and stimulation of the libido. Hypercalcemia has been 
observed in a number of patients, and may quicldy become so severe 
that intravenous infusions of 2.5 per cent sodium citrate are indicated. 

Estrogens produce nausea in some patients when the treatment is 
begun, but this symptom almost always improves or disappears after a 
week or two. Uterine bleeding develops in at least one-third of the pa- 
tients. 

Both androgens and estrogens may cause salt retention and edema. 
This may lead to cardiac decompensation in elderly patients with pre- 
existing cardiac disease. 

Both hormones are metabolic stimulants, and aside from an improve- 
ment in the patient’s sense of well-being, often produce a rise in the 
hemoglobin, and a gain in weight, and improvement in appetite. The 
basal metabolic rate is occasionally increased. Muscle tone is improved. 

The Mechanism of Palliation by Hormones . — It is easy to attribute a 
share of the beneficial effects of hormone therapy in breast carcinoma to 
the general stimulative effects to these substances. But W’hen severe pain 
due to bone metastases is relieved, when carcinoma nodules in the skin 
disappear, when pleural fluid ceases to accumulate, and when metastatic 
masses in the liver decrease in size, we must postulate that there is to 
some degree a direct restraining effect by the hormone upon the growth 
of the carcinoma cells. We certainly do not know the mechanism of this 
restraining effect. But even though this grou’th inhibition is obtained 
in only a minority of the patients the validity of the phenomenon gives 
hope that an explanation may be found for it. 

The relief of pain due to bone metastases does not necessarily mean 
that the lesion is regressing. Most of the bone lesions in patients under 
treatment do not show recalcification. In some patients one bone lesion 
may recalcify while other bone lesions show progressive osteolysis. We 
have observed the continued extension of an area of bone destruction 
over a period of many months during which pain was entirely relieved 
by testosterone. 
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/ ndicaltons/or Hormone Therapy tn Carcinoma 0/ the Female Breast 

There is today enough evidence to warrant the conclusion that hor- 
mone treatment nitli androgens or estrogens is an important eupple- 
mentaty weapon against breast carcinoma in women. Surges and ir- 
radiation are superior in value because they are more effective and 
because they have foncr distressing attendant consequences. Hormone 
treatment should, therefore, not bo given until both surgeiy and irradia- 
tion have been used to their full potency, Nor is it justifiable to adminis- 
ter hormones as a prophylactic measure. 

Androgen is indicated for pain due to bone jnetastases only after 
irradiation o'ill no longer control it. Irradiation is preferable as the 
initial treatment because it acts more surely and more quickly. Androgen 
IS also indicated for women under the age of CO in whom carcinoma 
gromog in soft tissues can no longer be checked by irradiation. 

Estrogen is indicated for women over GO m whom pleural involve- 
ment, or widespread involvement of the lung parenchyma, or intra- 
abdominal metasfases, develop. Irradiation is of no value in these forms 
of carcinomatous spread. Estrogen is also indicated for women over CO 
mth caremoma grouing in soft tissues tihich no longer responds to 
irradiation. 

Once hormone treatment has been started it should bo continued 
without interruption until the end. Wlicn onp horroone is no longer 
effective it is sometimes worth while to tiy the other. 


CARCINOMA OF THE MAIE BREAST 
The eargical physiology of the male breast differa a good deal from 
that of the female breast if we arc to judge from the reaction of carcinoma 
arising in it to hormonal influences. Attempts to influenco carcinoma of 
the male breast by giving estrogen or androgen have been unsuccessful 
Tre^'cs discovered, however, that orchidectomy often produces dramatic 
regression of the disease. In one of his patients the relief of pain due to 
widespread bone mclastnses was almost immediate, and subsequently 
the ulcerated breast tumor regressed and healed over, the bone lesions 
partially recalcificd, and the pleural effusion disappeared. Tour and 
one-half years later the patient was still alive but with reactivated 
disease. In one of oiir own patients (F. A., No. 8S503D) who at the time 
of orchidectomy in February 1918 was gravely ill w’ilh a largo pnroary 
breost carcinoma, satellite nodules in the skin, a.xillary metastases, 
metasta.‘'cs in the ribs and scapula, pfeuraf effusion, rounded shadows 
ii - .1 -..t JnnfT (ir>irla ftnd ft laigo uppof abdomiual mass, there 
of the disease. A year and onc-haU 
■ • • aaij' fc^fon and the skin and asrillaiy 

metastases have almost disappeared, ho no longer has awy pleural ef- 
fusion and the lung shadows have regressed, the bone metastases nave 
recalcificd, and the abdominal mass has disappeared 
Rcsponcs of this kind ore more dramatic than any that we have M 
followins the castration of females with breast carcinoma. They just y 
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orchidcctomy for every tnilo \vHh breast carcinoma in whom the possi- 
bility of surgical cure appears Unlikcty. 

CONCLUSION 

Although our knowledge of tho surgical physiology of tbo breast is 
still rudimentary, important advances have been made during recent 
years as the result of the study of breast carcinoma in mice and the 
hormonal treatment of breast caremoma in human beings. 

REFERENCES 

Ahlbom, II : Castration by Roentgen Rays as an Auxiliary Treatment in the 
Radiotherapy of Cancer Mammae at Rndiumhemmet. Acta radiol. i.-dU, 
1030. , , . 

Aucbinclosa, II., and llaagensen, C D • Cancer of the Breast Possibly Induced by 
Estrogenic Substance. d.A.MA I14'lSl7, 1940. 

Beatson, 6 T.i On the Treatment of Inoperable Cases of Carcinoma of 
the Mamma. Lancet 2.'104, and 1C2, 1896. 

Beatson, G. T. : The Treatment of Inoperable Carcinoma of tho Eemalo Mamma 
GlasgowMJ.re.-Sl.lOU. 

Dresser, R.. Effect of Ovarian Irradiation on the Bone Metastascs of Cancer of 
the Breast. Am. J. Roentgenol 55.384, 1930. 

Edmondson, II. A , Glass, S. J. and Soil, S N.: G>-necomastia Associated with 
Cirrhosis of the Liver. Proc. Soc Exper Biol. & ^Icd. .{5:97, 1939. ^ 

Farrow, J. H- and Woodard, H. Q.* InBucnco of Androgenic and Estrogenic Sub- 
stances on the Serum Calcium in Cases of Skeletal ^letastasc9 from Mam- 
mary Cancer. J.A.M.A. If8*339, 1912. 

Fels, E : Treatment of Breast Cancer with Testosterone Proprionate. J. Clin 
Eadoctvnol. 4 121, 1944 

Gilbert, J B.* Studies in Malignant Testis Tumors J Urol 45‘*345, 1940. 

GralT, 8., Moore, D , Stanley, W. H , Randall, II. T. and llaagensen, C. D.: The 
Isolation of Mouse Mammary Carcinoma Virus Cancer S:l, 1949. 

Guardini, G. II : Gynecomastia with Cancerous Degeneration in Patients with 
Cancer of the Prostate Treated with Estrogen Oncologia 1 '129, 1948. 

Haagensen, C D. and Randall, II T.. Production of Mammary Carcinoma in 
Mice by Estrogens. Arch. Path 55-411, 1942 

Heiman, J.: The Influence of Androgenic Hormones on Transplanted Mammary 
Tumors in White Rats. Am J Cancer 55.178, 1940 

Herrell, W. E.iThe Relative Incidence of Oophorectomy in Women with and with- 
out Carcinoma of the Breast Am J. Cancer HB 659, 1937. 

Hunt, V. C. and Budd, J. W : Gynecomastia Associated nith Interstitial Cell 
Tumor of theTeslicle, J. Urol. 45-1242, 1939. 

Lane-Claypon, C. E : A Further Report on Cancer of the Breast, with Special 
Reference to Its Antecedent Conditions. Report on Public Health and 
Medical Subjects No 32, Ministry of Health, London, 1936. 

Lett, H • An Analysis of 99 cases of Inoperable Carcinoma of the Breast Treated 
by Oophorectomy. Lancet I.-227, 1905 

Loescr, A. A. Male Hormone in the Treatment of Cancer of the Breast. Acta. 
Union internat centre cancer 4.'375, 1939. 

Moehlig, R. C Pituitary Tumor Associated with Gynecomastia. Endocrinology 
15-529, 1929 

Nathanso- ^ - '-•i- - - — — • t t- • 

Ex( 
in / 

Nathansc . ■ : ■ 


3 



1670 


c. D. haacei^en 


txcr^tioa of Estrogens and IT-Ketosteroids in Pre-menstrual Carcinoma 
oftheDreast Cancer Rcseareh3;132,l&t3 

Nathanson, I. T. ; The Ilelattonship of Ilormonca to Dhcases of the Breast Endo- 
crinology of Neoplastic IMsoases, New York, Oxford University Press, 
1947, p. 138 

Nathanson, I T and Andervoot, H-: BDect of Testosterone Propionate on De- 
velopment and Growth otMaijunary Carcinoma in remale Mice Proc Soc. 
Exper Biol d: Med. 40.121, m9. 

Oieh, I. V The Mcnopauanl Age in Women with Caocer of the Breast- Am. J 
Cancer 50SC3,1037 


Gynec AObst 62,-129 and 6C2. 1936. 

Tajlor.n C,dr Endocrine Aspects of Chronic Mastitis. Surg , Gynec &0bst 

74 326. 1942 „ ^ „ 


Treves, N , Abels. J.C .Woodard. I!. Q and Farrow, J.E.jTheEfiecU olUrctneo- 
tomy on Primary and Metastatic Carcinoma of the Breast. Surg , Oyncc. & 
Obsl.rO SXQ.VJU _ „ t 1. 

Wint*, fl Die tldniRonbchandtuDg des Mammakartinoens In ^“y**!* ‘ 

buch der Slrahtcngherapie, Berlin, Urban & Sen's arrenbeeg, 1929, i ol. 4 



THE DIAGNOSTIC AND PROGNOSTIC VALUE OF PULMONARY 
FUNCTION TESTS 


Julius H. Comroe, Jr., Rl.D., F.A.C.P.* and 
W iLLUM S. Blakcmore, RI.D.f 

It must be emphasi2ed at the outset that pulmonary function tests 
provide only a physiological and not an anatomical or bacteriological 
diagnosis. They may complement or supplement, but cannot replace a 
careful history and physical examination, or radiologic, bronclioscopic, 
bacteriologic and pathologic studies. It must also be understood that in 
some patients function studies may reveal no abnormalities although 
serious disease of the lungs may be detected by other diagnostic tech- 
nics. For example, physiological studies cannot be expected to recognize 
the presence of small areas in the lungs that are neither aerated nor 
perfused. Lesions such as fibrotic tuberculous cavities, cysts or carcino- 
matous nodules vdW not be revealed by physiological tests unless they 
occupy so much space that they reduce the lung volume beloiv normal 
limits, or are so located stratc^cally as to disturb pulmonary function. 

However, in some instances, tests of function may identify pulmonary 
disease in the presence of relatively normal clinical or radiologic findings. 
In addition, these tests can provide a quantitative measure of pulmonary 
disability or reser\'c, which may prove to be useful in the evaluation of 
candidates for permanent forms of collapse therapy or surgical removal 
of lung tissue, both so far as immediate risk and ultimate useful existence 
are concerned. Function tests should also be useful in evaluating effect- 
iveness of different types of surgical therapy in pulmonary disease. 

Clinicians are eager to know which pulmonary function test is of 
greatest value as a diagnostic and prognostic aid. In our opinion, no 
single test can be so used to the exclusion of others Wo believe that for 
some years to come, a battery of tests rai«t be used. If the results of these 
are carefully correlated with the preoperative clinical impression, the 
pathologic diagnosis, and the postoperative course in a variety of 
patients, there may eventually emerge a simplification of the procedures 
now employed. The purpose of this article is to present a brief descrip- 
tion of the various types of pulmonary function tests, and to illustrate 


From the Department of Pbi-siology and Pharmacology, Graduate School of 
hfedicine, and the Department of Surgery, School of Medicine, University of 
Pennsylvania, Philadelphia 

Supported * ' «i-- . 

'bool of Medicine, 

University c . ' the University of 

Pennsylvania. 

t Fellow, Harrison Department of Surgical Research, Assistant Instructor in 
Surgery, School o! Medicine, University of Pennsylvania. 

1671 



1672 JULIUS H coimoE, jn., xniAOAH s. blakemore 

by several case presentations how these may be useful to the tboraric 
Burgeon. 

What arc the functions of tho lungs and how may these be measured? 
The major functions of the lungs aro to ojqfgonatc the venous blood and 
to remove excess carbon dioxide. The mechanisms by which these func- 
tions are accomplished aro ventilation (the process of supplying adequate 
numbers of alveoli svith adequate voUimcs of fresh air each minute), 
and (illusion (the process of transferring oxygen and carbon dioxide 
across the aiveolar-capiiiary membrane). However, pulmonary function 
cannot bo considered separately from cardiovascular function since 
proper gas exchange between lungs and Wood dependa upon adequate 
pulmonary blood fiotv through functioning alveoli. Details of teste 
devised to measure each of these processes will be omitted since these 
arc adequately described elsewhere.*- * 

TESTS OF PULMONARY FUNCTION 

Static Lung Volumes. — Dy maximal effort, a healthy adult is capable 
of Inspiring about 3600 cc. from tho resting expiratory level as a starting 
point (inspiratory resm-p, formerly called complcmcntal air); he is able 
to expire, by maximal effort, about l(XW cc , again beginning at the 
resting expiratory level {expiraiory reaerve, formerly called supplemental 
air). The sum of liie inspiratory and expiratory reserves is the vital 
capaeity, it is usually measured by instructing the patient to make a 
maximal inspiration and follow this at once by a maxima expiration. 
Tho inspiratory and expiratory rcscrx'cs and the vital capacity are most 
conveniently measured and recorded with the ordinary clinical basal 
metabolism apparatus 

Even after a maximal expiration has been made, approximately 
1500 cc. of gas (residual capacity or residual air) remains in the lungs 


based upon the following principle: When an individual is breathing air, 
the gas remaining in his lungs at the end of a quiet expiration (the sum 
of the expiratory reserve and residual capacity, sometimes termed the 
/an<?tiV)«a/ residual capacity), is 
N*. Xb" volume is unknoi^ ’ 

^ , tho lung nlti 

f * --d gas is < i” a epirometer during a seven mmute 

-he.- in this gas is then detennined. If the 

' ’ iOgen Cl * spirometer was 2000 cc. this must 

I- l-inth. - of alveolar gas (80 per cent of 

.’■'Tgas ' .t). (Actually, a number of 

^ • bg 0%'crslmplification of the 

' '’jnee *' M cc. in this case) is the 

r.ity, the c-xpiratory 
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reserv’o (previously tneasured Bpirographlcally) must bo subtracted to 
obtain residual capacity. 

Significance of Static tAtng Volume Mcasurcnicnls.^ViioX capacity 
measurements in an apparently healthy individual may deviate from the 
group mean by more than 20 per cent and so there is considerable diid* 
culty in evaluating data in the low normal range. The test is of more 
value when repeated serial measurements arc made in any^ One patient ; 
a change of 100 cc. or more may then be regarded as significant, if the 
patient is cooperative. 

A subnormal vital capacity does not necessarily signify lung disease. 
Low values may be due to poor cooperation, unfavorable position, 
generalized muscular weakness, abdominal distention due to fluid, gas 
or masses, neuromuscular disease involving tho respiratory muscles, 
diseases of the bony cage, obstruction in the airway, pain In the chest, or 
upper abdomen (pleurisy, fractured rib, operative incisions), tight 
circular strapping of the chest, or to congestion of tho pulmonary vascu- 
lar system. 

The finding of n vital capacity in tho normal range docs not eliminate 
Uie possibility of pulmonary disease. It may remain normal in emphysema 
even though tho usual honeycombed arrangement of the alveoli be 
largely^ boken down with resultant pulmonarj’ insufficiency. It may 
remain normal in the presence of obstructive lesions because vital 
capacity, as ordinarily measured, docs not involve a time factor; ob- 
struction may increase the time and clTort required to deliver tho vital 
capacity without affecting the final volume expelled. 

The importance of measuring residual capacity, in addition to vital 
capacity, is twofold: (a) It provides an estimate oHhe resting level of 
the chest, which is usually shifted toward the inspiratory position in 
asthma and emphysema. An increase in tho residual capacity or a high 
ratio of residual capacity/total capacity docs not necessarily signify 
structural disease of the lung but, in the absence of an obstructive 
element, it usually suggests the diagnosis of emphysema. (&) It enables 
the total lung capacity to be measured; total lung volume is usually 
normal in asthma and emphysema and subnormal in pulmonary fibrosis. 
Data for normal static lung volumes in different age groups, both male 
and female, are given elsewhere.’ 

D 3 mainic Lung Volumes.“Kafc, Depth and Minute Volume of Breath- 
ing.~ln clinical practice, rate alone is counted and depth and minute 

volume are cither ign"*-' ’ . • 

tidal Volume usually . ■ ' 

of the rate, because t ■ .... 

in the process of ventilation is that which enters the alveoli; that which 
remains behind in the respiratory dead space (approximately 150 cc.) 
of the mouth, nose, pharynx, trachea, bronchi, etc., does not participate 
in gas exchange. 

A simple example may suffice to Illustrate the importance of measuring 
tidal Volume: Assume that two patients each breathe 8000 cc./minute 



1074 


JUUUS II COMROR, JK , WILLIAM 6, BLAKKMORB 


but the first has a tidal volume of J0(K3 cc. and a rate of 8/m5nuic, 
wliereas the second has a tidal volume of 200 ce. and a rate of 40/imnute! 
The first has an effeclivt minute ventilation of (1000 cc.— 160 cc. dead 
space} X 8 or 6S0O cc , while the second has an effective minute ventila- 
tion of only (200 — 150 cc ) X 40 or 2000 cc. Thus quantitative measure- 
ment of tidal volume should be made whenever there is any doubt 
concerning the efficiency of the respiraforj' movements (for methods, 
see reference 3) 

Maximal Breathing Capaaly (AI.B.C ) — The maximal ventilation 
attained following inhalation of 10 per cent carbon dioxide is only about 
50 per cent of theM.B.C and that following severe muscular exercise 
averages only G5 per cent. The ma.ximal respiratory minute volume, or 
maximal breathing capacity, can best be determined by requiring the 
patient to breathe as deeply and as rapidly as he can over a penod of 16 
seconds, he should be permitted to choose his oxnti rate and depth but 
must he ui^cd continuously and emphatically throughout the test to 
breathe as hard and as fast a-s possible. 

M B C differs from vital capacity in that the latter represents the 
largest volume of gas that can be expired after a single maximal inspira- 
tion icjVhotd respect to twie, udieroas the former is defined as the maximal 
volume of gas that can be breathed per unit time. The B C. test is 
widely used as a test of pulmonary function but has senous limitations 
which must be borne in mind. First of ell, it is an oivr-oZJ teat of the 
ability of an individual to move air in and out of his lungs at lilgh 
velocity. It IS not an analytical test since it cannot identify the factor 
or factors responsible for poor pulmonary function Second, "normaV' 
values differ widely m different laboratories since many types of ap- 
paratus (Tissot, Bcnedict-Hoth spirometers, Douglas bag, rcspirometer) 
are used, and the rc-'^istance to air flow m each of these types vanes 
tremendously. Third, there is considerable subjective element involved 
since a successful test requires that the patient hypcrt’entilate almost 
to the point of exhaustion Fourth, low values may be recorded be- 
cause of many cxtrapulmonary foctorg, just as with the vital capacity 
test 

The M.B.C. test appears to have its chief usefulncs.s as a simple test 
for the estimation of respiratory mechanical efficiency. ^Vhen 
is greatly reduced m a cooperative patient who lias a normal or near- 
normal vital capacity, respiratory otetruction or decrei^ed lung elastic- 
ity should be suspected as a rule. The determination of the vit^ capa- 
city test supplemented by a careful record of the time required for 
expiration, gives essentially the same information, with less discomfort 
to the patient. Another simple test involves the measurement of in- 
spiratory and e.xpiratoiy time during quiet breathing, an increase m 
this ratio above 1 :1.3 slights that mechanical difficulties are present 
in expiration. , 

Breathing Reserve —'The difference betwxjon the M-B G. ana 
minute vohimo of ventilation is tenned the breathing resene As de- 
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fined, the breathing reserve must be decreased if factors exist which 
increase the minute volume of respiration or decrease thc hl-B.C. 
Since the minute volume of patients with pulmonary disease is rarelj' 
increased by more than 10 L./mm. during rest, this factor rarely leads 
to important reduction in breathing reserve, and decrease in M.B.C. 
is more important cHnicaI!y. In many patients, the breathing reserv’c 
correlates well with the degree of dyspnea and some have termed 
Breathing Reserve X 100, the *'dyspneic index.” 

M.B.C. 

Intrapulmonary Gas Mixing. — ^Proper ventilation of the lungs de- 
pends not only upon proper static and dynamic lung volumes but also 
upon the even distribution or mixing of the inspired air within the lung. 
Poor distribution of air is most frequently observed in patients with 
(a) obstruction (asthma, etc.) in whom the ainvays to certain portions 
o! the lung are narrowed excessively, and (b) emphysema, in whom the 
elasticity of some of the lung tissue is reduced. Elasticity is the property 
of matter to return to its resting state after deformation ; active work on 
the part of the inspiratory muscles is required during inspiration to 
“deform” or expand the normally clastic lung tissue, while little or no 
wTjrk should be required to expand the flabby, inelastic, emphysematous 
alveoli. For this reason a large portion of the inspired air may be drawn 
preferentially into poorly circulated emphysematous areas, leaving 
normal alveoli relatively hypovcnlilated. 

Poor gas mixing may often be detected by a simple test in which the 
patient breathes oxygen quietly for seven minutes and then makes a 
marimal expiration*, U the nitrogen content of the terminal portion of 
gas so expired is more than 2.5 per cent, poor mixing is assumed.* 
The basis for this test is that oxygen inhalation should be expected to 
wash practically all of the nitrogen out of all the alveoli of the lung if 
each breath of oxygen mixed thoroughly and evenly with the lung gas 
over the seven minute period. If poorly ventilated areas exist, these will 
retain some of their nitrogen during quiet breathing but will expel it 
during the forced expiration at the end of the test ; thus the nitrogen 
concentration in the sample delivered at that time will exceed 2.5 per 
cent. This simple test is of value only if positive ; for example, temporaiy 
hyperv’entilation may give false negative tests by washing nitrogen out 
of alveoli even in regions usually bypoventUated. More precise evalua- 
tion of intrapulmonary gas mixing requires more complicated tests, not 
suitable for general use, such as those of Darling et al.,* Bateman* and 
Fowler.® 

DiSusion. — The rate of diffurion of oxygen across the alveolar-capil- 
lary membrane can be measured in normal individuals by the method of 
M. ICrogh, which involves the inhalation of carbon monoxide in low* 
concentrations.^ The diffusion factor can also be measured in patients 
in whom impairment of diflusion is the only factor causing pulmonary 
insufficiency. However, when uneven mixing is also present quantitative 
studies of the diffusion factor are tmreliable. (This is because transfer of 
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oxygen across the alvcoiar-capHlaiy membrane is not accomplisheij by 
an active secretory process, but by pimple tlifTysion. Tiie transfer thus 
depends, among otiser tinnga, wpop Um attainment of a uniformly high 
alveolar oxygen prrssuro, which docs not occur w)ien mixing is in- 
^cient.) Tliore are several eimplc, semiduantitativc tests of the diffusion 


when the puimonafy blood flow is supposedly increased. The patient 
may exercise upon a trcailmill, stationary bicycle, standard steps or 
simply by walking on tho jovel at a monsured rate. In the other, the 
resting patient is given 100 per cent oxygen and the rate at which his 
arterial oxygen saturation rises from 07.3 to 100 per cent is charted 
(oximeter test), when a dtffuaion bajT«cr exists, tho arterial oxygen 
pressure is no longer m ncaruifpiilibrium with the alveolar oxygen 
pressure and consequently the attainment of full arterial oxygen pressure 
and Eaturntion will require more time.* If poor mixing is present, these 
tests arc simply ‘'over.nll” tests of pulmonary reserve, without Bcr''jng 
any analytical function. 

Pulmonary Blood Flow, — The pulmonary vascular bed may bo re- 
duced ip omphj'Ecma, by destruction or removal of pulmonary paren- 
chyma, endartcntls, sclerosis, thrombosieoremboh-’m- Vascular sclerosis 
or reduction m vascular bed does not necessarily mean that pulmonary 


is flowing through a reduced vftscqlarbcd, the velocity ol how up 
increased so that !cs.i timo exists for gas transfer. Pulmonary blood flow, 
pulmonary prtenal pressure and even pulmonary capillary pressure 


they reveal an inadequacy of tho pulmonary vascular bed, removal u) 
some of the remaining vascular bed by lobectomy or pneumonectomy 
may precipifafe right vcntncuJnr //Mlure- 

Arterial Blood Studies,— Study of nrtoriai blootf oxygen and carbon 
dioxide ia useful as an over-nil test of the ability of the lungs to perform 
their function, he,, to oxygenoto the venous blood and remove excess 
carbon dioxide. 

Arterial Oxygen . — A few important notes regarding the performance 
and interpretation of arterial m^gen etudies are; 

1. Oxirnetera produced commercially at present measure only changes 
in arterial oxygon Batijratlon and not (Aiohite values; hence for 
measurementB, enmplea of arteri^ or “arterialized" blood must be used 
and chemical determinations of blood oxygen content and capocity must 


Jt isTaot permissible to use venous blood for oxygen studies and then 
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to estimate arterial oxygen saturation on such a basis; venous oxygori 
saturation has been sho\ra to vary from 25 to 91 pei* cctll At times tvhetl 
arterial oxygcii saturation tvas tiotmal. 

3. Arterial oxygen saturation May be low in the absence of pulmonary' 
disease If right to left-sided shunts exist (as In some types of congenital 
heart disease and in pulmonary hemangiomata). 

‘ * ' ■ ** 'be normalln the presence of serious 

■ . ■ 1 sions receive no pulmonary capillary 

•. disease; in the latter instance, meas- 
urements of arterial oxygen pressure May be useful diagnostically, since 
the nature of the oxygen-hemoglobin dissociation curv’d is such that 
arterial oxygen pressure may fall significantly below the normal level 
vNdth little change in arterial oxygen saturation. 

Arterial Carbon Dioxide . — A few important points in the interpreta- 
tion of arterial carbon dioxide values arc: 

1. An increased arterial carbon dioxide content may be foUhd in the 
presence of either alkalosis or acidosis. Patients with high arterial 
carbon dioxide content must not be treated routinely as cases of alka- 
losis. Measurement of blood pH is of considerable value in the interpre- 
tation of these cases. Inability to ex'crcte carbon dioxide by «-ay of the 
lungs, as in pulmonary insufficiency, leads to accumulation of carbon di- 
oxide in the bood (high blood carbon dioxide) but this Is tiCidosis (acid 
retention, primary respiratory acidosis). 

2. Patients with serious pulmonary disease may have high, low or 
normal arterial carbon dioxide content or tension. If an added stimulus 
to the respiratory centre is present and if the lung is capable of hyper- 
v'entilation, the arterial carbon dio.xidc may bo subnormal ; if there is no 
extra stimulus to the respiratory center, or if the center is depressed, or 
if the lung cannot be hyperventilated for mechanical reasons, blood 
carbon dioxide will be elevated. 

3. From the point of view of the surgeon, a high arterial carbon dioxide 
pressure preoperatively is a warning to remove as little functioning lung 
tissue as possible, for such a patient is usually incapable of compensatory 
hyperventilation. 


ILLUSTRATIVE CASES 

To illustrate both the value and limitations of pulmonary function 
studies, two case reports are presented briefly. 

Case I, — Patient J. K. wasa 64 year old white mSn who had been under treat- 
ment for tuberculosis for the past six yeais. Chest x-ray one month before ad- 
mission revealed increased infiltration in the upper third of the left lung. He was 
admitted to the University Hospital because of the possibihty that a neoplastic 
process might be complicating the tuberculosis. Bronchial secretions showed no 
cellular evidence of carcinoma (Papanicolaou technic). It was impossible to ob- 
tain tissue for histological examination through the bfonehoscope but a needle 
biopsy of the left upper lobe lesiotx was BuCcfe^ful. The material was reported to 
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be a squamous cell carcinoma of a pnmary typ«, and surgical excision of the 
lesjoa was decided upon. 

Pulmonary function studies were performed preoperatively; some of the re- 
sults are recorder! in Table I. Under SlaUc Lung Volumes, it is seen that the \ntol 
capacity was reduced by more than 40 per cent below the predicted mlue for a 
man of the patient's ago, height and weight. This reduction could be due to ex- 
tensive destruction of lung tissue but the measurement of total lung capacity 
revealed approximately normal values. Since it was known that both tuberculoui 
and carcinomatous lesions were present in this patient's lungs, one of the limita- 

TABLE I 

l'l'^.lIo^Any Kumtion tirt'oiES Upov J’atiknt J.K (pREorERATivti,?) 


Test 

Xomial 

(Predicted) 

V'niues 

Actual 

Values 

•Stalir Ijiin'j 

1 Inapiraiurx reserve 

3070 ec 

I2S0 cc 

2 Expiratory re.^t^rve 

770 

1020 

3 Vital capacitj 

3St0 

2185^ 

4 Heaidua) capacity 

1730 

3S55 

5 Total capacity 

5570 

5840 

« X 100 . 

31% 

625% 

/Junamir Luno l'otu»i(3 

1 Respiratory rate 

IC/mui 

21/inm 

2 Respirator} tidal volume 

500 cc 

529 cc 

3 Respiratory tnmutc volume 

8 L/min 

Il.t L/miu 

t Maximal breathing capacity 

£S7 

50 

5 SrcathiQg reserve 

OO-OT^ 

7S% 

Intrapulmonary Oat. Jl/i«np 

- 

Poor 

Ouer-afl Trils 

1 Arterial 0, saturation 

97 5% 

90 2% 

2. Arterial CO» content (pUsnia) 

50 voU % 

71.2% 

3 Arterial CO* tension 

4ft mm. llg 

53 

4. Arterial pH 

7 42 

7.39 

5 Oximeter rale 

52 sec 

85 sec. 

fi Oximeter increase 

3.7% 

6% 

7 'Treadmill 

ffo dysp. or 

+4- Dysp 0, 


anox. 

sal- 1 6% 


turns of measurements of lung volumes becomes apparent, namely that oniy 
rather extensive lesions can be detected witii certainty by this technic, because 
of the wide variations among normal persons. In this patient, the dinui^bea 


creased pulmonary elasticity (as in emphysema) or of a combmatjon 
In this patient, ‘ ■ -jj- 

analytical gigoificai 

breathing capacity . , . ...... 

urements of intrapulraonary gas roiang definite p/ 

Iribution of the inspired air to the alveoli; this again suggests the preseace 
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emphysema, though it does not rule out nsthmatic-like obstructive lesions. 
Because of the abnormality in gas mixing, diiTu«ion across the alveolar-capillary 
membrane could not be estimated. 

Arterial blood studies revealed a moderate degree of anoxemia, associate<l 
with a high plasma COj content and tension. Since the arterial pH was reduccrl, 
the high blood COi signified primary respiratory acidosis, due to CO: retention. 
In the absence of severe respiratory depression or of terminal diffuse pulmonary 
edema, respiratory acidosis of this tjTic is usually due to pulmonary emphj'scma. 
The severity of the pulmonary disease in this patient was reveale<l by an exercise 
test upon the treadmill; while walking at only 1.0 m.p.h. for 2 minutes the 
patient experienced severe dyspnea and his arterial 0: saturation fell 0 per cent. 

The physiological diagnosis in this patient was pulmonarj' insufficiency, 
of a moderately severe type. Because of the finding of a high residual 
capacity, decreased inspiratory reserve, normal total capacity, poor 
mixing, anoxemia and respiratory aculosis, the most likely clinical diag- 
nosis would be pulmonary emphysema. The patient was judged to be a 
poor operative risk. 

However, because of the threat to life from the carcinoma, operation 
was performed. A left pneumonectomy was found to be necessary’ at 
operation. Postoperativcly, the patient had severe dyspnea upon the 
slightest exertion. Hedied suddenlyupon the twenty-fourth postoperative 
day. Autopsy revealed emphysema and edema of the remaining lung 
tissue. 

Insufficient data exists at present for predicting the amount of lung 
tissue that can be removed safely from a patient with emph>*sema compli- 
cating other pulmonary lesions. Until such data accumulates, only 
minimal amounts of functioning lung tissue should be excised in any 
patient with pulmonary insufficiency due to emphysema. 

Case II. — Patient T. S., a42 ycaroldivhitewomao, wasadmittedwitha historj’ 
typical of pulmonary hemangioma, including nosebleeds, multiple telangiectases 
of skin and mucous membranes, hcmoptj'sis, cyanosis and a family history in- 
cluding some or all of these complaints Radiologic studies revealed two shadows 
at the left border of the heart; it was not possible to be sure that the lesions pul- 
sated independently of the heart. Cardiac studies were negative except for a soft 
systolic apical murmur. 

^Pulmonary function studies were performed upon this patient to determine 


ment of diffusion (thickened membrane, etc.). However, inhalation of 0: did 
not raise arterial Oj saturation above 94.3 per cent, whereas in all except ex- 
tremely severe cases of impairment of diffusion, O* therapy raises the saturation 
to 100 per cent. For these reasons, a diagnosis of disease of the pulmonarj’ paren- 
chj-ma IS excluded m this patient and the presence of a right to left-sided shunt 
becomes almost a certainty. Strongly in favor of the existence of such a shunt 
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are two findings: (i ) failure of artcrua 0» saturation to rL»c to 100 per cent during 
mhalarion of Oi, the venous blood passm); through the hemangioma does not 
come in contact with functioning alveoli and hence cannot be oxygenated; (2) 
the decrease in arterial Oi saturation that occurred during cxerci-e, even during 
0» inhalation, venous blood from the cxetcwlns muscles contains le^s Os than 
normally and the portion of this which escapes oxygenation lea<ls to a reduction 
m arterial 0, saturation 
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PcLuosAnr FevcTfov 

SrcDiES Upov Patie.vt ' 

TS 

Test 

Normal 

(Predicted) 

^'al^es 

Actual 

Values 

5lalic £>una t'ufumea 

1 Inspiratory rc«crvc 

IDSS 

2120 

2 Expiratory reserve 

CC2 

■H9 

3 Vital capacity 

2CoO 

25.'M 

4 Iteaiduai capacity 

810 

1216 

6 Total cnpacil) 

3<G0 

3716 

e ?§><.« 

25% 

32.5% 

Dynomic Iiunp Volumrj 

1 Respiratory rate 

1C 

26 

2 Respiratory tidal volume 

500 

4« 

3. Respiratory minute volume 

S L/miD 

126 L/min 

4. Maximal breathing capacity 

(recent hcmoptj'sis) 

5 Breathing reserve. 

— 

— 


Intrapulmonary Oai .t/ixinji 

- 

Normal 

Orer-off Tesls 

1 AfCerisl Oi saturation 

07.6% 

S4 0%‘ 

2. Arterial CO« content (plasma) 

69 vols % 

46 

3 Arterial COj tension 

40 mm Hg 

33 

4. Arterial pll 

7.42 

7.42 

5. Oximeter rale 

. 52 sec. 

vSOsec 

6. Oximeter increase 

3.7% 

7.5% 

7 Treadmill 


t 


• After inhalation of orjRcn for thirty minutes,Ol 3 per cent, 
t No dyspnea, hut arterial oxygen saturation fell 2 per cent even during inJiala- 
tion of oxygen 

The function studies performed upon this patient led to a physiological 
diagnosis of right to left-sided shunt. They did not dlflcrentiatc between 
possible types of shunts such as pulmonary' hemangioma, atelectasis or 
congenital heart disea«e. In doubtful cases, cardiac catheterization or 
anpocardiography’ may be neodoti to cstablisli the anatomic site of the 
shunt. In this patient, howex'cr, the history' and ordinary railiolo^c 
studies were sufTicient to establish tlie rliagno^is and location of the 
hemangioma. 
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SUMMARY 

The usefulness and limitations of pulmonary function tests have been 
discussed and illustrated. A\Tien used udth intelligence and in conjunction 
\nth other diagnostic aids, physiologic tests are often of prognostic or 
diagnostic value to the tlioracic surgeon. 
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THE SURGICAL PHYSIOLOGY OF PERIPHERAL VASCULAR 
DISORDERS 

HAItniB Bi SllUMACKEft, Jlti, M.D.* 

Ideally, in order to deal most elTcctivcly with any disorder, both from 
the standpoint of its prevention and treatment, the precise physiological 
alterations associated with the condition should be clearly understood as 
w’ell as the etiological and pathological processes which bring it into 
being. In treating the established condition the aim obviously should be 
to safeguard the patient’s life, to cure the disease if feasible, and, if not, 
to stop its progress, to conscr\'e the affected part and restore it to as 
normal a functional state as possible. With reference to the peripheral 
vascular disorders these ideals arc sometimes realized but often arc im- 
possible. All too frequently we arc handicapped by lack of knowledge of 
the etiologj', by incomplete understanding of the pbysiopathologic pro- 
cesses at play, by inability to euro the disease or to stop its progress, by 
irreparable morphological changes. Nevertheless, it is felt that consider- 
able progress is being made towards better physiological restitution of 
the disordered circulation. 

SURGICAL CORRECTION OF THE DISEASED OR INJURED ARTERY 

Arteflovenous Fistula.— A number of examples in which treatment 
approaches the ideal can be cited. First, let us consider the problem of 
arteriovenous fistulas. The method of their occurrence is knoum. Most 
of them are traumatic in nature, a few are duo to congenital defects, and, 
rarely, they result from perforation of the wall of a diseased artery into 
an adherent adjacent vein. Though there are undoubtedly many fine 
points of possibly considerable significance which aro unknowm, the basic 
physiological alterations associated with the fistula are well loiowm, both 
the local effects in the involved limb and the remote effects upon the 
heart and general circulation. The Indication for treatment is clear-cut. 
Means are available for testing before operation the adequacy of the 
collateral circulation. This Is most important since operative obliter- 
ation may entail ligation of the affected vessels. Though these tests are 
not infallible they are generally reliable. In case the collateral circulation 
is found to be inadequate, measures such as sympathectomy may be 
instituted in an effort to increase the adequacy of the collateral bed, 
^Ilowing which the tests can be repeated until they arc found satisfactory. 
Further safety can be achieved by making certain tha t t he lim b maintains 
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good color and warmth dunog a period of precise occlusion of the affected 
vessels at the time of exploration. 

Once the fistula is obliterated the remote physiologic effects of the 
lesion are reversed, tiie cardiac output decreases, and the heart returns to 
normal size except in the unusual case of long standing in which some 
hypertrophy as well as dilation has been present. If the operative pro- 
cedure necessitates ligation of the involved vessels and the collateral 
circulation is good, the local results in the affected limb are generally 
excellent They arc well nigh perfect if, as is quite commonly possible, 
the contmuitj’ of the arterj* is preserved by ligation and transfixion of 
the fistula or by lateral artenorrhaphy, or if the continuity is reestab- 
lished after excision of the damaged portion by end-to-end anastomosis 
or by interposition of a free vascular transplant. Although the con- 
tinuity of tlio vein may sometimes be mamtained, experience has shown 
that no noticeable malfunction results from its ligation and this pro- 
cedure is generally followed. This, then, is an idea! example of cure of the 
lesion, ^c^•ersal of its physiologic effects and restitution of normal func- 
tion 

Arterial Aneurysms. — ^The same ideal is not infrequently possible 
in the treatment of the related arterial aneurysms, especially in the case 
of traumatic lesions The number of instnnccs in which restitution of 
normal blood flow can bo effected, particularly in large aneurysms re- 
sulting from artenal disease, should be appreciably increased by Blake- 
moro's* suggestion of combining ancurysmotomy with the intrasaecular 
mterpositjon of a venous transplant. Though the possibilities will vaty 
widely according to tlio extent of associated injuries and the time 
interval before definitive surgery can be attempted, Rome of the acute 
traumatic injuries of large arteries should be similarly amenable to 
maintenance or reestablishment of normal blood flow. 

Arterial Embolism. — Another example may be profitably considered 
in which ideal treatment of the local lesion is often possible but in which 
the underlying disease which is responsible for initiating the local diffi- 
culty cannot be handled so successfully. I refer to embolism of an arterj' 
so important to the nutrition of the limb that its continued obstruction 
will lead to gangrene. It is well knoivn that the source of such emboli is 
generally from a thrombus arising upon tho endothelium of the diseased 
heart and rarely from a thrombus developing upon on arteriosclerotic 
plaque or the jujured intiraa of some proximal artery. The disastrous 
effect of the sudden block is readily apparent and the diagnosis and 
localization of the embolus is generally not difficult. If the obstruct^ 
portion of the artery as exposed, an artcriotomy performed and the 
embolus removed, the incjsion >n the vessel properly sutured andanti- 
coagulant therapy continued until healing has been obtained, the chance 
of a perfect functional local result is excellent— provided the distal arteria! 
tree has not already been irreparably occluded by thrombosis and pro- 
vided the intima of the artery has not been permanently damaged by 
compression of the obturating embolaa. 

Experience has taught us that, by and large, embo/ectomies are apt 
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to be successful if perfonncd early and unsuccessful if performed late. 
The inteiA’al of time between embolism and cmbolectomy is, of course, of 
no fundamental importance axcepl in respect to the fact that the longer 
the inter\'al the more apt is thrombosis of the distal arterial tree to take 
place and the more likely is the occurrence of local severe intimal damage 
at the site of the embolus. I have performed a femoral embolectomy four 
hours after embolism and found the entire distal tree solidly clotted and 
I have, on the other hand, performed a common iliac embolectomy over 
twenty-four hours after embolism and found no thrombus at all distal to 
the embolus. In the first case gangrene naturally followed; in the second, 
excellent full restitution of blood flow was established and maintained 
until death ensued from the underlying cardiac disease. 

^Vhat factors are involved in this important matter of distal throm- 
bosis? We have good reason to believe that, in the absence of intimal 
damage, intraarterial clotting almost never occurs if adequate blood flow 
is maintained, but is prone to occur if the blood flow is extremely re- 
duced. Any measure which increases the eflicacy of the collateral circu- 
lation should, therefore, be of value. Furthermore, it appears reasonable 
to assume that the onset of clotting of an artery through which only a 
trickle of blood is flon-ing must be related to the duration of the stasis, 
just as normal blood placed in a glass tube is almost never clotted within 
a few minutes but is invariably clotted a little while afterguards. In 
addition, one would expect that adequate heparinization would diminish 
for a time the chance of thrombosis of the artery with poor blood flow 
just as it prolongs the time before clotting occurs in the test tube. To 
provide the best chance for a successful arterial embolectomy, it would 
appear evident that an early diagnosis must be made, that a largo amount 
of heparin be given immediately, that every effort be made to provide 
majdmal vasodilatation so as to provide the best possible flow of blood into 
the distal artery through the collateral channels, and that operation he 
performed without delay. It is unnecessary to remove the embolus it- 
self in those instances in which there has occurred embolism to an artery 
of such relatively little importance to the nutrition of the limb that no 
significant reduction in circulation results, or to an artery about which 
the collateral blood flow is so abundant that, wth simple means such as 
anticoagulant therapy and induction of sympathetic paralysis, it be- 
comes evident that perfectly adequate circulation is present. 

Though in many cases of arterial embolism it is possible to obtain a 
perfect or near-perfect local functional result, wo are unfortunately not 
capable of dealing so effectively with the primaiy cardiac disorder which 
usually initiates the disaster. All too frequently one succeeds with the 
acute obstructive difficulty only to have the patient succumb sooner or 
later to his heart disease or to subsequent fatal emboli. To be sure, anti- 
coagulant therapy offers promise of diminishing somewhat the hazard of 
further embolic occurrences but more effective means of dealing with the 
diseased heart must be forthcoming if we are to render the over-all 
outlook of the patient more favorable. 

Acute Arterial Thrombosis.— Can those methods of direct attack upon 
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the vascular Icsjon itself nod recst^lisljmeijt of normal circulation 
through the affected artery be applied to other conditions? I am con- 
vinced that they are applicable toocnteortorml thrombosis, though I have 
not had an opportunity to apply these principles m this condition. In 
those instances of acuto prtcnal thrombosis in which inadequate circu- 
lation persists because of the relatively important role of the obstructed 
artery, and cannot be rendered ndcqualc by induction of local sympa- 
thetic paralysis and use of anticoagulants, it would seem reasonable 
that operation should be earned out wjtU greatest po'^siblc haste. In this 
circumstance tho procedure itself would necessarily bo different from 
that employed in the case of emboli. Becauso of tho underlying intimal 
damage it would not be sufficient to remove the thromhus end repsir 
the incision in tho artery. It is likely, however, that excellent results 
would obtain if the thrombosiHl segment were resected and a free vascu- 
largr ■ tho defect. 

lie * ■ ' ■-'"vhieh I feelis of considerable 

impc . ' ‘-‘'tihrombosis 

aSSOCluvw-, . ' . • — »/)nfv 

of tho arterial trcodisiuii la •. ' . • 1 

portion and to mtorposo a long vein gi4»»- .. ■ , .t 

blood flow. Though I do not feel that routine artcnogujA.j , ly 
real help in obhteralivo disooso m general, I fee! strongly that the ev 
ponence referred to makes the study mandatory in all instances in which 
}t is felt possiblo that only a localised segment of the arterial stem JS 
occluded and that tho distal tree may be patent. Though I have not en- 
countered such a case ainco I learned of Holden’s rcmarkahlo (ycpenence, 
I am certain that continued eoarch wiU reveal a number of instances in 
which this principle ean be applied with exceflent results. Xt would appear 
worth vrhiic to study, with tho same potentialilies in mind, nil patients 
who have had pcrsisten t annoying or disabling symptoms from circulatory 
insuflicienoy consequent to tho traumatic disruption or thrombosis of an 
important artery, or by tho immediate surgery noocssary Oigttrioa), or 
by late surgerj’ requirod bocaiiso of onsujng oompheafions (aneurysm or 
arteriovenous fistula). Among thoso patU-nts it is probable that a 
fair number may have maintametl patency of tho arterial tree distal to 
the point of obstmctlon or disruption and may bo suitable candidates 
for bridging the defect with a vaacular transplant. 

THE VAIII5 OF SYMPATHETIC PAPAtYSIS 
Obliterative Arterial Diseases. — ^\Vlth regard to the chronic oblitera- 
tive arterial diseases which are go much more common in occurrence 
than those disorders previously mentioned, and so often disabling m 
their effects, we are unfortunately /xequcntly confronted with a problem 
that is at present insoluble as fpr as perfect, or even good, physiologic 
rehabilitation is concerned, Here wc are dealins ^ 
and o!ten diffuse attecial disease which results in extensive obliteration 
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of the continuity of important arteries. As far as we know, the obstruo- 
tion tends to involve the major vessel from the point of pro\ima! occlu- 
sion BO far distally that it is unlikely one could reestablish continuity 
by vascular transplantation, pot bo much because of the length of the 
obstructed segment but because any patent distal portion is apt to be 
BO small in cabber as to make the procedure technically unlikely to 
yield a good result. Of course, there arc c’^ceptions such as tijose just 
considered whore a limited obstructing thrombus develops rapidly or 
slowly upon a localized area of diseased intima. Fortunately, however, 
when the arterial treo is irreparably occluded we arc often not in a 
hopeless situation, 

Knowing the phyBiologio alterations in the arterial bed and the 
capacity for increasing or decreasing blood flow by stimulating or 
paralyzing the sympatijctic nerve supply, we have means which arc 
not infrequently remarkably effective. Xot only can one study the cfTcct 
of transient sympathetic interruption upon tho circulation to the alTcctcd 
part, but he can also observe the influcnco wliich this procedure may 
have upon any complaints manifested, such as rest pain, sensory and 
motor disturbances, Bonsitivity to cold or intermittent claudication- 
By and large, such studies permit one to prognosticate fairly accu- 
rately the result which may be obtained from permanent sympathetic 
ablation. To be Bure, they are not entirely rolioblo in every respect, In 
my experience it is extremely diflicult to anticipate from Btudies of 
intermittent claudication made before and during temporary sympa- 
thetic paralysis the effect which sympathectomy may havo upon this 
oomplaint. It is also evident from many observations that the lack of any 
demonstrable improvement in circulation during such transient eympa- 
thetic anesthesia does not invariably indicate that no improvement 
will follow sympathetic denervation. Hence, in Belccted instances, one 
can proceed with operation in such circumstances with the realization 
that some wll be Bufficiently benefited to save the extremity. 

Certain other useful measures obviously must bo utilized in oblitera- 
tive diseases, such as insistence upon abstinence from tobacco In cases 
of thromboangiitis obliterans, proper care of the naila and skin of the 
affected limb, avoidance of injury to tho port or exposure of it to ex- 
tremes of heat or cold, Nevertheless, an effort to render the circula- 
tion maximal through abolition of sympathetic impulses remains a 
most important therapeutic tool for increasing the function of the part 
and for reinedying the manifestations of ischemia. The results will 
vary according to the extent of the ischemic damage and the capacity 
of the part for improvement in circulation through release of vasocon- 
Btrictor impulses. They will vary from absolute failure ending in major 
amputation to the roost gratifying relief of pain, healing of ulcerated 
jesione, saving of limbs threatened by gangrene or limitation of tissue 
loss, and general restitution of reasonably satisfactory circulation. 
Though I know of no objective data of Btatistical significance concer- 
ning this matter, until such data becomes available it would Beero 
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reasonable to proceed upon the assumption that the resultant main- 
tenance of a state of maximal or ncar-mftjdmal circulation should di- 
minish the likelihood of further arterial thrombosis and the develop- 
ment of Ischemic disasters and should offer the patient some insurance 
for the future 

Vasospastic Conditions, — With regard to those disorders character- 
ized either by more or loss continuous or by episodic spasm of arteries, 
such as acrocyanosis, the large group of lU-dcfincd vasospastic condi- 
tions and Raynaud’s ihsease, generally satisfactoo' physiologic results 
can be anticipated from permanent release of vasoconstnetion through 
sj'mpathetic paralysis Here, too, the results are not constant for all 
the %’asospastic conditions or for all patients suffering from any one of 
them, By and large, the early and late results have proved excellent in 
acrocyanosis, in cases of hyporlildrosia, and in the large miscellaneous 
group ue chose to classify as iH-defmed vasospastic conditions. In 
Raynaud’s disease the results are eertainly better in those patients 
treated before the onset of trophic changes such as bony atrophy, 
scioroiicrmo, extensvo ulceration or gangrene. It is also true that the 
results shortly after treatment arc belter than the late results after the 
passage of many years Nevertheless, the over-all results appear at 
this date to bo generally most gratifying. 

Posttxaumatic Vasomotor Disorders. — I have previously referred to 
the importance of early diagnosis if treatment is to be expected to bring 
about the best possible restitution of good function. Nowhere is this 
more evident than in the Large group of reflex difficulties which can per- 
haps best be designated as the posltraumatic vasomotor disorders. 
Everything suggests tliat the signs and sjTnptoms m these conditions 
are due to the eifect of some local injury or irritative focus and are 
maintained by some reflex disturbance involving the f.jTnpathDtic 
nerv'ous system as one component of the arc. Many precise and clever 
theories have been postulated to explain the disorder fully but it has 
not been possible to prove conclusively the validity of any one of them. 
A number of therapeutic measures have proved their worth. It appears 
certain that aside from other measures it is altvmys nccossar)’ to obtain 
the patient's cooperation, to make him sufficiently optimistic in regard 
to the outcome to be willing to carry out vigorously the program out- 
lined, to treat any edema present by proper rest, elevation, and use of 
elastic support when the limb is dependent, and to have the patient 
exercise actively the affected part. In some, a trigger zone can be 
identified; anesthetic infiltration or excision often yields dramatic 
effects. Any existing psychoneurosis must be dealt with. In some, in- 
duction of temporary sympathetic anesthesia is verj' effective. Stm 
others require sjTnpathetic denervation. If the disorder is reco^ized 
early and treated properly and actively, the results arc, by and 
excellent. Treatment is much mote difficult, prolonged, and attended 
by more failures if it is begun after the condition has existed for a long 
time. In contradistinction to the varying manifestations and tne 
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multiplicity of considerations in treatment which prevails in this group 
of disorders, the related condition of major causalgia fits precisely into 
a recognized pattern and can almost invariably be cured by periodic 
temporary sjTnpathetic anesthesia or by permanent siTOpathetic de- 
ner^’ation. 

Methods of Inducing Temporary Local or General Vasodilatation.— 
There are many methods by which local or general vasodilatation can be 
temporarily induced. The application of heat to the body, especially if 
combined with ingestion of nleobol, often effects a striking vasodilata- 
tion in the extremities. The same effect can be secured frequently by 
diathermy to the trunk, by immersion of uninvolved limbs in warm 
water, by general anesthesia, hypnosis, barbiturate narcosis, and by the 
administration of chemical autonomic blocking agents such as tetraethyl- 
ammonium chloride or Priscol, Vasodilatation in the lower extremities 
may be achieved by spinal anesthesia. Vasodilatation restricted to the 
affected limb can be secured by the use of anesthesia of the appropriate 
portion of the sympathetic chain or of the somatic nerv’cs, by application 
of heat to the limb, or by the intraarterial injection of a variety of agents 
such as prostigroine or procaine. Intraarterial injection would appear 
unwise for routine use. Ix)cal application of heat seems clearly contra- 
indicated whenever there is significant ischemia due to obliterative or 
obstructive arterial disease. The blocking of somatic nerves has the 
disadvantage of sensory and motor paralysis. Hence for all practical 
purposes the only method generally applicable for the production of 
local vasodilatation is sympathetic anesthesia. 

It has long seemed evident to many of those interested in peripheral 
vascular disorders that the production of local vasodilatation was 
preferable to the production of general vasodilatation. I believe it has 
been the general experience when any given subject has been tested under 
controlled conditions that a greater degree of vasodilatation has resulted 
from local sympathetic paralysis than from any method producing 
general vasodilatation. DeBakcy and his associates have attempted to 
explain this observation on the basis of hemometakinesia and have 
offered some evidence in support of the hypothesis. Though most of the 
methods mentioned have some definite usefulness, at the present time I 
prefer in general to use local sympathetic procaine blocks when tempor- 
ary release of vasoconstriction seems indicated. 

The Production of Permanent Sympathetic Paralysis. — ^IVhen perma- 
nent sympathetic paralysis is desirable, operative preganglionic sympa- 
thetic denervation is the only practical method available. In general, 
the results have been excellent and the effect relatively permanent. To be 
sure, cases of extensive sympathetic regeneration have been observed — 
more frequently after operations for the denervation of the upper ex- 
tremity than after lumbar ganglionectomy. Any return of sympathetic 
function m the lower extremities appears to bo slow and incomplete. 
Though the likelihood of return of sympathetic function in the upper 
extremities apparently increases as the years pass by, the long-term 
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effect of the operation seems thus far to be fairly satisfactory. It is mident 
that the introduction of proganglicmic deccntraliratlon of the chain by 
Smitliwick and Telford and Smithwick’s later suggestions of section of 
the anterior roots m their intradural portion and the encasement of the 
decentralized chain in a silk cylinder have added greatly to the effective* 
ness and permanency of tho sympathetic paralysis. In contrast to the 
generally good results obtained n-ith this procedure, tho old stellate 
ganghoncctoraj’’ or upper dorsal ganglionectomy was often followed by 
rapid return of sympathetic function and similar results arc not in- 
frequently scon today when the upper dorsal and lower ccr\ncal ganglia 
arc e.rcisod during tho course of total sympathectomy and splanchnicec- 
tomy for hypertensive disease. 

Chemlcftl Autonomic Blocking Agents — It Is impossible to be butb 
^ vhat the future of the chemical autonomic blocking agents t\ilJ be. 
Numerous favorable reports have been published concerning their use 
m oblitcrntl%'C and vasospastic arterial disease, reflex disturbances, 
thrombophlebitis, hypertension and the like. I have had only a limited 
experience with these agents but have found them more useful in acute 
thrombophlebitis than in other conditions. I have not had as good results 
from their use in a limited number of cases of minor causalgia and 
related disorders as I have obtained from cmplojTnont of sympathetic 
blocks in a much larger group of patients. It would appear that there 
ere certain mherent disadvantages It is unlikely that any method 
producing general vasodilatation can bo quite as cffcctivo in Improving 
blood flow locally as the induction of local vasodiiatation. From our 
experiences in hypertensive patients treated by total sympathectomy 
it is difficult to conceive of any agent producing complete sjenpathetli 
paralysis without bringing about some degree of postural hypertension, 
and any significant lowering of blood pressure will vitiate in part the 
mcreage of blood flow brought about by the vasodilatation. The drugs 
presently available, and particularly tctracthylaramenlum chloride, 
are not Infrequently attended by unpleasant and sometimes alarming 
sidc-elTccls Similar new agents arc being constantly produced and 
studied and it is conceivable that some wiU result in many fewer such 
reactions Everyone looks fonrard to the continued effort to add other 
blocking agents to those now available and to tho continued study of 
their physiologic effects and the results of tlicir clinical application. 
Nevertheless, I have the conviction tliat sympathetic blocks and sympa- 
thectomy will remain useful tools in the treatment of the peripheral 
vascular disorders Ono could speculate that if the autonomic blocking 
agents prove their worth in such conditions they will have maximal 
usefulness in tliosc disturbances In which it has been established that one 
or a scries of sympathetic procofnc blocks is often remarkably effective, 
and in tho chronic vusoepasUc disordera like Raynaud'a disease m 
which the circulation is generally normal and in which the periods of 
spasm arc limited to periods of emotional excitation or c.tposuM to 
cold. 
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OTHER SURGICAL METHODS FOR IMPROVING FUNCTION OF THE 
disordered extremity 

Treatment of Varicose Veins: Superficial Femoral Vein Ligation and 
Obliteration of Existing Superficial Varices in Postphlebitic Limbs-— 
Proper treatment is obviously clarified if the physiologic disturbance 
vfhich characterizes a disorder is well understood. Xo better example 
can be cited than that of varicose veins. The task of treatment 'Was 
immediately simpUfied once it became recognized tlwough the teaching 
of Homans and others that a varicose vein is not simply a prominent 
vein or a tortuous vein but is one in which, because of incompetent 
valves, the blood flow is retrograde when the limb is dependent. With 
this understanding of the nature of the disorder, the indication and 
type of treatment was reasonably clear once the diagnosis was carefully 
established. In general, concern about the adequacy of venous return 
by other routes ceased to be a major problem. By its verj' nature the 
varicose vein could not possibly contribute to venous return when the 
limb was dependent, but, on the other band, would result in venous 
stasis. Hence its obliteration would only result in improved function. 
It would seem entirely likely that those cases of disastrous increase 
in venous stasis following ligation and injection of “varicose veins,” 
so often used as a warning that before treating such cases one must 
first establish the adequacy of the deep venous return, were in reality 
instances in which dilated collateral veins nith normal valves and 
normal flow were incorrectly assumed to be varicose veins and were 
sacrificed when they were performing proper function. A second possi* 
bility is, of course, that some may have been instances of true vari- 
cosities and that treatment was attended by associated inadvertent 
extensive thrombosis of previously normal veins. The necessity to use 
every measure, such as frequent active exercise of the limb by walking 
and elevation of the limb when resting, in order to prevent extension of 
the thrombus into normal venous channels is so xvcU recognized it hardly 
requires comment. That the treatment of varicosities is generally bene- 
ficial even if the effectiveness of the deep circulation is greatly reduced 
is evident from the improvement often noted when varices arc obliterated 
in patients in \\'hQm they have developed in a limb in which an old deep 
thrombosis is knorni to have been present. 

Though such treatment has not enabled us to restore perfect function 
in postphlebitic limbs, there can be no question that marked improve- 
ment is often noted after superficial femoral vein ligation and obliteration 
of existing superficial varices. The rationale of such vein ligations is 
based upon the early observations of Homans and others that the 
thrombosed vein invariably, or almost invariably, undergoes recanaliza- 
tion. I have personally never divided such veins without finding evidence 
of recanalization. The recanalized vein is an incompetent one since no 
effective valves are present to prevent regurgitation. This incompetence 
can be readily demonstrated at the time of ligation by roentgenographic 
■visualization of a retrograde injection of an opaque medium. I have on a 
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number of occasions performed eudi tests and found that the dye 
descends donm the length of the recanalizecl vein. 

Radiologic Method for Demonstrating Incompetency of the Valves 
of the Femoral Vein. — The use of another radiolo^c method illustrates 
the potential value of precise Btudles of a functional nature in the recog- 
nition of disordered circulatory states and their proper treatment. I 
recall nith what enthusiasm I read the report of Luke* m 1941 desenbing 
a technic which had permitted him to establish incompetency of the 
valves of the femoral vein as the explanation of chronic swelling of a lower 
extremity in one of his patients By injecting 30 cc. of 70 per cent Dio- 
dtust into thft femoral vaaduna?; ptawmal digital ctclsiaml'A waaablt: to 
show that the dye descended into the leg on the affected side but only to 
the first valve station in tlie nninvolved extremity. He did not mention 
any treatment he thought indicated. It immediately occurred to me that 
one might obtain similar information more simply and perhaps more ac- 
curately by placing the patient on an x-ray tabic tilted so the lower 
extremities were dependent and injecting into the unobstructed vein. 
Furthermore, it occurred to me that if incompetency of the vein were 
demonstrated, good results might be obtained from vein ligation. I 
was unable to explore these possibilities, however, until after the war. 
Meanwhile m a second report Luke^ had stated that studies of twenty- 
nine venograms performed according to his original suggestion had 
demonstrated that passage of the dye beyond the first valve station 
down into the thigh did not necessarily indicate a malformed or diseased 
vein, though the retrograde opacification of the venous tree tended to 
be more extensive in patients believed to have incompetent femoral 
veins than m control subjects. 

Since 1946 I have studied o number of patients by the method I out- 
lined above Tliough my experience is not large enough to permit me to 
be certain of the mvanablo accuracy of the method, thus far it seems to 
yield information which i.s of considerable value. After varying the tech- 
nic in several ways, the following method was adopted. The patient is 
placed upon an x-ray tnble tilted about 45 degrees, mtii the feet down 
The region o\’er the femoral in the groin is infiltrated with 0.5 per 
cent procaine A No 18 or 19 needle is then introduced m^ial to the 
femoral arteiy into the femoral vein. Approximatrfy 25 cc. of 55 per cent 
Diodrast or per cent Nco-iopax is then injected in a leisurely manner. 
As the injection is completed a film previously placed under the thigh is 
exposed by ordmary soft tissue technic. A film la next rapidly placed 
under the leg and exposed, and then a second roentgenogram of the thigh 
is made. Sometimes only two films ore taken In patients with apparently 
normal femoral valves the column of dye descends only to the first 
valve station just below the point rf reception ol the profunda, or, in 
some to the second valve station in the midthigh A short segment 
of the femoral vein and usually of the profunda is visualized (Fig. 590, 
A). In patients with an incompetent femoral vein the dye descent^ 
dowm the thigh to the Lnec area or even into the leg (Fig. 590, B and 
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C). In many, but not all, there is some opacification of the profunda 
femoral as well. On occasions the incompetent valves aie distinctly 
outlined by the contrast medium. The injection is ordinarily accom- 



Fio. 690. — Retrograde venograms. A, Normal venogram in patient with leg 
ulcer of undetermined origin. It is seen that the femoral vein fills dow*n to the 
first valve stations but no further. There is some reflux of the opactue medium into 
the profunda femoral vein. 

B, Venogram performed upon a 66 year old man had had recurrent ulceration of 
leg for sixteen years. Varices had been treated by ligation and injection six years 
before The venogram shows regurgitation of dye down the course of the femoral 
vein. The profunda is not visualized Patient hag done well following femoral and 
popliteal ligation and division and skin erafting but only a few months have 
elapsed since these procedures were carried out. 

C, Venogram performed upon a 55 year old woman who had had recurrent 
ulceration of both legs over a five year period. Minimal varices were obliterated 
by injection. Venogram revealed the same disorder in both lower e-xtremities. 
The dye is seen to regurgitate down the femoral and profunda femoral veins. A 
superficial femoral vein division has been performed upon one side and is to be 
carried out upon the other. 

plished with little or no pain and is successful e.Ycept in instances of 
thrombosis of the femoral vein in which a vena puncture cannot be 
performed. 

Recently in a most interesting report Bauer* has described his experi- 
ences tvith the same technic in patients with varicosities. He states the 
in almost everj' instance of chronic ulceration of the leg incompetency 
of the femoral vein has been demonstrated. He has treated these patients 
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with goo<f results hy popliteal vein Itgatiun. I have hy no means found 
all patients with leg ulcers to have incompetent femoral veins A number 
of cases have shown such a disoKlcr but in a number of others the study 
has revcalerf competency of the \-alvos. In one patient in w Korn there 
was nothing to suggest a previous tbronihosis the femoral vein was found 
to he incompetent and upon exploration the «aH of the femoral %ein was 
thickened but not thrombosed nhdeihe popliteal vein w as occluded wth 
an old thrombus (Fig. 590, li). In addition, in a number of patients 
without ulceration hut with s>Tnptoms suggesting chrome venous stasis 
it. has been pos'.jhJe to demonstrate incompetency of the fenioral >cin, 
ligation of which has producctl remarkable alleviation of complaints 
For example, one patient troate<I by my associate, J. S. Battersby, a 
young adult male athlete, who was incapacitated by fatigue and aching 
of his loner extremitjes on long standing and who had no swelling or 
cyanosis, was able to return to professional baseball shortly after bilat- 
eral superficial vein ligation nnii division Jits sjtaptoms were almo'it 
entirely rclievcrl ami he lias had no ciioma. 

Not ex-cry patient xnth unexplained symptoms and signs o( venous 
stasis, honxjvcr, »ill prove to have incompcfcncy of the deep venous 
circulation Patients ■with compatthle .symptoms or signs in whom it 
was doraonstratocl that the xmlvcs of the femoral vein were not compe- 
tent have been (reated cither hy hgation and division of the superficial 
femoral vein alone or hy ligation nml <hvlsion of the poplitenl vein as 
well. Other nnciltarj- measures such fl.s i^km grafting were carried out as 
indieaterl Thus far tlic results are most encouraging Obidously, more 
extensix’e obscrx-alions will have to be ma<lc loth w-Uh the diagnostic 
procedure and with tlio therapeutic measures m order fully to evaluate 
this matter 7’hc clinical sigru/icatrcc of demonatrablc regurgitation oh- 
vjousl}' requires mtensii-c study. 3t is undoubtedly true that a consid- 
erable number of mdjviduals wjtliout signs or symptoms of disordered 
venous return fhoir rcgurpitnUon hy ihe method uwJ, just as n-nj t/uc 
in Luke’s expcncnco with his somewhat different technic. At the moment 
it appears that some individuals xvilh incompetent femoral vems are 
without symptoms, just as some «ith rncompclcnt saphenous veins are 
unaware of their presence J A. CnmpbcU and I and our as.soctatcs are 
currently trying to enlarge our cxpcncnce in normal subjects as well as 
in suitable patients wjfh symptoms suggestive of femoral incompetcncy 
in order to determine better the inculeticc of regurgitation in both 
groups. We shall also attempt to dctcmunc any mfiucncc of muscular 
activity upon such rcgurgit.ation Though much remains to be cLanfied, 
it is believed that sucJi studies add considerably to our abihty’^ to recog- 
nizG and bring about reversal of some of the functional effects of dis- 
ordered veins. 

Stage Excision of Fluid-Accumulating Tissues in Chronic Lymph- 
edema. — A furtiicr example of the fact that better treatment will result 
whenever there is, a clear understanding of the physiopatiioiogic nature 
of any given disorder may be exemplified by exponences with chrome 



PHYSIOLOGY OP PEUIPIIERAL VASCULAR I>IS0RDI:RS 


1G95 


lymphedema. As long as ihctc was alive the question of intact deep 
Ijonphatics and malfunctioning superficial lymphatics in cases of elephan- 
tiasis, it ^Yas natural that efforts at treatment should have been directed 
toward the creation of a functioning union between the two systems. 
Once Homans and his associates had produced chronic lymphedema 
experimentally for the first time and had demonstrated that it could 
only be produced by technics which apparently obliterated all, or nearly 
all, of the lymphatics to the limb, once they pointed out that in clinical 
cases of elephantiasis all, or nearly all, of the Ijinphatics are nonfunc- 
tioning, and once they w*cre able to explain the absence of edema in the 
muscles on the basis of absence of lymphatics in normal muscle tissue, 
the type of treatment applicable was evident and rational even though 
not perfect. The excision in stages of tliosc tissues which tend to ac- 
cumulate lymph fluid, namely, those between the skin on the one hand 
and the deeper structures such as muscle, bone and tendon on the other, 
enables one to bring about remarkable reduction in swelling, abolition 
or marked decrease in number of attacks of clephantiasic fever, and 
useful function of limb. Though one might desire a more physiological 
method of treatment, I know of no more grateful patients than those 
who have been handled according to Homans’ suggestion. Until there 
should become available a new method which would permit reintroduc- 
tion of functioning lymphatic vessels in the limb, the present method 
of treatment appears to be the soundest in principle and to offer most 
relief to the elephantiasic patient. 

Instruments. — It is fortunate that for all practical purposes no special 
instruments are required for the diagnosis and treatment of the vast 
majority of the peripheral vascular disorders. All that is generally 
necessary is proper fundamental training of the physician, proper use of 
his sense of touch and vision, and such apparatus as is available to all 
practitioners — a stethescope, a sypbgmomanometer, needles and syr- 
inge. Obviously for more detailed investigative study all the instruments, 
simple or intricate, which yield some information about the circulation 
are of extreme usefulness. Indeed with all those available there is still 
need for more. It would be safe to predict that each, new instrument 
which permits a more accurate interpretation to the total circulation 
or of any of its component parts will result in new knowledge of the 
physiology of peripheral vascular disorders and may lead to more 
physiological methods of treatment. 

Management of the Ischemic Limb. — ^^Ve must keep constantly in 
mnd the many basic problems which need to be clarified. In a sense it 
is discouraging how little exact knowledge we have concerning some 
of the most fundamental importance. Perhaps the commonest and most 
urgent problem in the entire field has to do with the management of the 
ischemic limb. It would appear reasonable that two methods might 
be of benefit in such cases : first, and the preferable one, to improve the 
blood flow to the part without proportionately increasing the metabolic 
needs, and second, to decrease the metabolic requirements wthout 
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decreasing propoftionately tho arterial inflow into tho ertremity. 
far inferences concerning such proportionate uitemUons are based only 
upon flpcculatioH or upon clinical Impressions- 

Since such measurca aa sympatltetic denervation arc gehetaUy bene- 
ficial we assume that they do flol Increase local metabolism aa much as 
they increase blood flow. There is much to suggest, on tho other hand, 
that tho local application of heat la apt to iticrcaso the metabolic heeds 
out of proportion to the resultant improvement in circulation; such 
conclusions are based upon numerous cases of gangrene or extension of 
existent gangrene following utilizatfon of this method. The Uso of local 
Tcirigcmlicm was based upon the assumption that a sthk'mg reduction 
of metabolic procossca resulted from chiUing the limb. Wo know, how- 
ever, that local cooling also dlmlniahcs blood flow; whether this reduction 
in blood flow Is proportionately greater or less than the decrease in 
metabolic needs Is unknown. 

For thcec reasons, most of tls attempt to incrctieo Wood flow by cym* 
paihctio interruption, Indirect reflex vasodilatation, or some slmflar 
method >Yo avoid tho uso of local heal to tho Ischemic limb and we 
restrict the use of local rcfrigomtlon to those extremities In W'hlch tbft 
hopelessness of the situation Is apparent and in which a dedsion to 
perform a major amputation has already been made. Obviously some 
day wo must know, if it is at oil possible, the precise relationship between 
increase or decrease in blood flow and aimuUancous increfiso or decrease 
in metabolic tissue requircmeots resulting from each method of potefttial 
usefulness The solution of auch problems as theso will undoubtedly 
permit a better physiological flpproacli to the treatment of tho periph- 
eral vascular disorders. 


SPMMAHY 

In this discussion I have ottcmptctJ to illustrate the application of 
surgical methods >Yhich permit some functional rdiabilitation of the 
limb with disordered circulation In some instances one can effect perfect 
physiologic restitution, in others tho results arc only fair and in still 
others poor. In some a direct attack is possible. In others one must 
utilise very indirect means in attempting to correct the altered function. 
I have also attempted to stress t he importance of fundamental kfton ledge 
concerning the ctiologj’^, the pathogenesis, and the physiological de- 
rangement resulting from the circulatory disturbance, as well as th« 
importance of early recognition, precise localization, and prompt and 
adequate treatment. In spite of the handicaps under whicli one works 
and in spite of the tragic siluationa in which loss of limb and function 
prevail, tho over-all picture permits a certain amount of satisfacboo and 
optimism. If the means of diagnosis, study and treatment currently 
available aro tisod wisely, a reasonably good job can be done. If, m 
addition, tho basic problems which block the way arc constantly rec- 
ognized and every effort is made to solvo-them, it is certain that some 
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day the outlook for those sufTerinK from these difficulties vnW be much 
brighter. 
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THE SURGICAL PHYSIOLOGY OF HYPERTENSION 
R. H. S-MiTiiwicK, M.D., F.A.C.S.* 

INTRODUCTION 

The most prevalent forms of hypertension are those commonly 
designated as essential and malignant, ^\^lile the cause is unknoum, 
many theories have evolved since the days of Richard Bright* to whom 
must go the credit for clarifying the relationship between diseased 
kidneys and hypertrophied hearts. At that time the emphasis was upon 
kidney disease as the primary event. As time has gone on, and with the 
dev'elopment of a method for measuring blood pressure at the turn of the 
last century, it has become generally recognized that hj'pertension 
commonly exists without clinical evidence of renal damage as measured 
by ordinary tests of renal function. Emphasis gradually shifted away 
from kidney disease as the usual cause and in fact, largely as the result 
of the brilliant studies of Gull and Sutton in 1872,* the concept that 
hypertension was due to a primarj' disease of the arterioles in which the 
kidneys might or might not participate came into being before the 
introduction of the sphygmomanometer. 

The ability to measure blood pressure together with the introduction 
of the ophthalmoscope, the x-ray, the electrocardiograph and kidney 
function tests made it possible to correlate evidence of vascular disease 
with hypertension. As a consequence it became gradually recognized 
that in the early stages of this disorder evidence of vascular disease was 
usually lacking. This, together with the surprising variability of blood 
pressure of most patients and e\idcncc of hyperreacthnty of smooth 
muscle to many stimuli such as cold, pain, emotion and change of posture 
indicated that, in the beginning hypertension was due to altered phys- 
iology of smooth muscle. The failure to demonstrate increased blood 
volume, viscosity, or cardiac output led to the general belief that ele- 
vated blood pressure was caused by increased peripheral resistance due 
to widespread constriction of the arterioles. Because vasoconstrictor 
fibers reach the blood vessels by way of the sympathetic nervmus system, 
it seemed probable that this division of the autonomic ner\’ous system 
was implicated in the mechanism responsible for increased peripheral 
resistance to blood flow. 

As a result of the experimental work of Goldblatt,® commencing in 
1934, emphasis again shifted to the kidney. His presumption that 
primary disease of the renal arterioles and a consequent reduction in 
blood flow through the kidney resulted in the elaboration of a pressor 
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(vasoconstnctor) substance and hypertension appeared to be substan- 
tiated by the production of hypertension in dogs by partial occlusion 
■"fferioa. Forms of hypertension were produced which re- 
hvoertcnsion in man. However, a study 
ot cys of hypertensive man failed to 

substantiate the prcitiitn. v... i arteriolar sclerosis was the primary 
event, for in tho early stages of hypertension renal vascular disease 
of consequence was rarely present nnd in longstanding hypertension 
about half of the cases did not have changes in the renal arteriolea 
sufficient to bo the sole initialing factor.* * Since at death, as shown by 
Montz and Oldt,* tho vast majority of hypertensive patients do have 
marked renal arteriolar sclerosis, the probability that the vascular 
developed along with the hypertension or as a consequence of it seemed 
more likely. 

Otlior evidence pointing to a physiologic rather than a pathologic 
mechanism as the primary event has resulted from the quantitative 
renal blood flow studios of Ilomcr Smith^ and his associates. They like- 
^viso have reached the conclusion that altered renal blood flow is a 
secondary event. Thej'^ felt, however, llmt this was due to a humoral 
rather than a neurogenic mechanism. The demonstration of pressor 
substances in the blood in response to renal i«chcmia under certain 
circumstances indicates that such a mechanism may play a role in tho 
production of widespread %'a-mon?triction. 

E.rperimcnta)ly, chronic neurogenic hypertension has been produced 
in animals by Heymans* and otlieis. ^Y)de5pTead vasoconstriction 
be produced by sectioning the buffer ncr\'cs and dencn’ating tho carotid 
sinuses as well as in other Wnys. Tlio obsor^•ations of Tructa* that the 
blood flow to tho renal cortex may be reduced by the shunting of blood 
from tho arteries to the veins in the medullary portion of the kidney 
indicates that it is not necessary’ to Jiavc pathologic renal arterioles in 
order to have reduced renal blood flow It was also rlcraonstrated that 
decreased renal blood flow could be produced by rcflc.x stimulation of 
the sympathetic nervous system. The same undoubtedly applies to 
other viscera as well. Thus It is conceivable that in tlie early stages of 
hypertension, vasoconstriction due to nervous ond humoral mechanisms 
may exist. The former miglit initiate the latter. Vascular disease appears 
to be a secondary event and when present undoubtediy further coni- 
pUcates tho picture and may be an important factor in preventing the 
reversibility of the hypertensive mechanism. More recently Selye* 
and Heinbecker” have emphasized tho possible role of the adrenal 
medulla, the pituitary and the adrenal cortex in the production of hyi^r' 
tension. It is thus apparent that we are dealing witiv ft compheatea 
disorder the cause of wliich is not knox^m. It seems probable that neuro- 
genic and humoral mechanisms arc both implicated, find vascular disease 
as well. 
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DEVEtOPMENT OF HYPERTENSION IN MAN 

From the cHnical vie^Tioint soraething is knoiNTi about the natural 
history of this disorder; havnng in mind particularly the therapeutic 
approach to the problem, which is necessarily more or less empirical, 
it IS well to consider the obscr\’ed characteristics of this disorder. These 
may be summarized briefly. It seems highly probable that in the pre- 
hypertensive stage, the blood pressure is unusually variable vithin a 
normal range. At this time, the phenomenon of hyperreactivity as 
evidenced hj* an unusual Wood pressure response to emotion or physicni 
activity probably exists. Such individuals were classified as hjTierreac- 
tors by Hines and Browm^* who found that they responded to a one- 
minute period of immersion of one hand in icc water by a rise in blood 
pressure of more than 20/15 mm. of mercury. About 15 per cent of so- 
called normal people react in this fashion. If followed for long periods of 
time, such individuals appear to be much more likely to develop hyper- 
tension than those who do not hyperrcact. There is evidence that this 
characteristic is inherited. Thus it seems apparent that a predisposition 
to the development of hypertension exists in many cases. 

With the passage of time, probably many years as a rule, the blood 
pressure becomes intermittently elevated. Thus, when the patient is 
emotionally stimulated or is responding to physical activity, the physi- 
cian finds the blood pressure elevated. At first, it may fall promptly to 
normal after a short rest period in the honzontal position. Under these 
circumstances the hypertension may be regarded as transient. Later it 
may require hours, days or weeks of rest for spontaneous reversal to 
take place. We have arbitrarily considered that if the diastolic level fails 
to fall to below 90 ram. after forty-eight hours of bed rest, the disorder 
has passed from the stage of intermittent or transient hypertension to 
the stage of persistent or continued hypertension. 

It is of interest and of great clinical importance to be aware of the 
manner in which hypertension develops in man. This is so not only from 
the \’ieA\’point of theories of origin but also from the viouTioint of prog- 
nosis. So long as hypertension is spontaneously reversible in response to 
short periods of rest, cardiovascular disease is rarely in evidence and the 
prognosis is excellent. Occasional male patients develop cardiovascular 
changes of consequence in the stage of transient hypertension. This is 
rarely the case in females. It is undoubtedly true that most hypertensive 
patients remain in the stage of intermittent hjTiertension for many 
years. Since most physicians do not differentiate between intermittent 
and persistent hypertension they may gather the impression that 
hypertension may be a relatively benign disorder. 

In ray experience, once patients have reached the stage of persistent 
hypertension, as we have defined it, evidence of cardiovascular damage 
varjdng from slight to marked is present in over 95 per cent of patients. 
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From this pomt on, the pn^osis becomes quite different and vanes 
according to the amount of caitliorascular damage ^'hich exists when 
the patient is first sccji and t{»e severity of tlic hypertension as judged by 
the resting diastolic blood pressure level. The prognosis for males is 
poorer than for females. Once hypertensive patients develop cardiovas- 
cular changes these changes arc progressive in nature. The rate of 
progress of cardiovascular disease varies greatly. Once carthovascuJar 
disease develops the prognosis must be guarded because few hyperten- 
.sivc patients live to die of causes other than tho«o related to cardiovas- 



ing ftjth sriectiDD of patients for surgical Ireatment In this case the test was 
performed first -while tho patient iiss ambulatory and apam after a forty-eight 
hour period of bed real The hlo^ pressure levels m the horuontal position fell 
to within the normal range after the short period of bed rest This is ane’carapleof 
transient or intermittent hypertension 

cular disease About GO per cent die of cardiac complicationa, 20 per 
cent of cerebral accidents, 10 per cent of renal failure, and less than 10 
per cent of unrelated causes. It is therefore apparent that a hen hyper- 
tension becomes pereistent and cardim'ascular (Hsease begins to malie its 
appearance the question of therapy should be considered In the last 
analysis the merits of any form of therapy for this disorder will be 
judged by its effect upon tlw rate of progress of cardiovTisciilar disease 
and upon life expcctancj'. The fact that the stage of persistent hyper- 
tension, with the rare exception refemxl to, is the beginning of the 
phase of this disorder cannot be overemphasiaed. This cannot be detected 
by ambulaloiy blood pressure reading The patient must be placed at 
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bed rest. As already indicated, \vc employ a period of forty-eight hours of 
bed rest to differentiate between persistent and transient hypertension. 
This is well illustrated by Figure 591. Evidence of cardiovascular disease 
is rarely present in the stage of intermittent or transient hypertension 
and rarely absent in the stage of persistent hypertension. 

SURGICAL APPROACH TO HYPERTENSIVE CARDIOVASCULAR DISEASE 

Since the first attempt to modify the course of hypertensiv'e cardio- 
vascular disease by sjTnpathcctomy was made in 1924 by Adson,” 
various technics for dencra’ation of large vascular areas have been 
devised Interest in the approach to the problem coincided with the 
extension of surgerj' of the autonomic nervous system beyond limited 
procedures such as cervical sympathectomy and periarterial sjnnpathec- 
tomy which had been in use prior to 1925. Tlie high mortality rate among 
patients with hypertensive cardiovascular disease, particularly for so- 
called malignant hypertension, was responsible for the clinical investiga- 
tion of the value of this form of therapy which lias been in progress in a 
number of clinics during the past twenty-five years. We have been 
primarily concerned with the stage of persistent hypertension associated 
with cardiovascular disease varying from slight to marked. The problem 
has been to determine whether sjTnpathcctomy can modify the course 
of this disorder to a statistically significant degree and if so, in which 
cases operation is indicated and which surgical technics are most effec- 
tive. The following discussion will summarize evidence bearing upon 
those questions. Brief mention will also be made of two other surgical 
measures, unilateral nephrectomy and the removal of pheochromocy- 
tomas. These two operations are applicable to less than 1 per cent of 
hypertensive patients. 

VARIOUS TECHNICS FOR SYMPATHECTOMY AND SPLANCHNICECTOMY 
IN HYPERTENSIVE PATIENTS 

Since 1924 various surgical technics have been employed, commencing 
\vith periarterial s>Tnpathectomy, then bilateral lumbar sympathectomy, 
and followed by laminectomy and extensive anterior root section. The 
first two were discarded because they were inadequate and the third 
because of the high morbidity and mortality. Followng this, technics 
for performing subdiaphragmatic splanchnicectomy,^* supradiaphrag- 
matic splanchnicectomy,“ lumbodorsal or thoracolumbar splanchnicec- 
tomy,** total thoracic sympathectomy and splanchniccctomy, and total 
sympathectomy^’ were devised in that chronological order. These arc 
diagramatically represented by Figure 592. The supradiaphragmatic 
and the lumbodorsal or thoracolumbar technics have been employed 
most extensively. To date, however, only two reports dealing with the 
results of operations in sizeable numbers of cases followed for five 
years or more have appeared in the literature. The first was by Peet and 
Isberg” dealing with the supradiaphr^matic procedure, and the second 
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irflled on tho left All ojjerolJOTls ore, of oourso, performed bjlaterRlly. 

Ifavrftg had experience with oil of the five fechnics referred to in 
Figure 2, it seems best to Siirrtmivriio my present attiUido tenvard each 
of them. 

Sabdiaphrxigmatic Spfancftn/c^ctomy* — It is my belie/' tbst the sub- 
diaphragmatic tecimic is inadequate because it may fail to interrupt 
important pathways to tijo Visceral vascular ljc<I Mhich may reach the 
latter tiirough fiiiers arising above the diaphragm. It also docs not appear 
to safeguard against regcncmlion as effectively’ ns otlicr maneuvers. 

Supradiaphragmatic Splartchnicectomy. — ^I'he suptndiaphra^at'c 
tecliniolins the same shortcomings, but to a iesscr degree, and In aeidhion 
docs not provide for evpioralion of the otlrennl glands of kidney. Con- 
sequently, pathologic ciiangcs in tltoac areas mhy ho overlooked, p-ar- 
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ticularly unsuspected pheochromocytomas. This defect is less important 
since the advent of adrenolytic drugs but still exists to some degree. 

Lumbodorsal and Thoracolumbar Sympathectomy. — the lumbodorsal 
or thoracolumbar procedure appears to combine the advantages of 
both of these technics, and if performed through a relropleural trandia- 
phragmalic rciropcntoncol approach, docs not increase the morbidity or 
mortality. The transthoracic transdiaphragmatic technics for lumbodorsal 
splanchnicectomy appear to be less desirable since they increase the 
morbidity and mortality. The principal motive for the development of 
this exposure has been to increase the extent of the procedure in an 
upward direction with removal of the sympathetic trunks as high as the 
third or fourth thoracic ganglia. In my opinion it is most unlikely that 
this will prove worthwhile in the long run; in the great majority of cases 
removal of the sjmpathctic trunks bilaterally in two stages, from the 
eighth thoracic to the first lumbar ganglia inclusive, together with the 
splanchnic nerv'cs arising from this segment of the sympathetic trunk, 
is adequate. The operations are usually spaced ten days apart. 

A more extensive removal of the lumbar chain results in a more marked 
postural hypotension and tachycardia postoperatively and greatly pro- 
longs the period of convalescence Removal of the second and third 
lumbar ganglia seems to bo indicated only in patients who have an 
unusual degree of postural hypertension not associated with postural 
tachycardia. 

Contraindications * — The lumbodorsal or thoracolumbar technic ap- 
pears to be contraindicated in patients who have postural tachycardia 
as e\'idcnccd by a rise in pulse rate of 20 beats per minute or more in the 
upright as compared N\ith the horizontal position as determined by the 
postural and cold blood pressure test. There arc probably other forms 
of tachycardia in hypertensive patients which contraindicate lumbo- 
dorsal splanchnicectomy, especially those patients having rapid basal 
rates (100 per minute or more) associated with either postural tachy- 
cardia or an abnormal accelerator response to exercise as judged by the 
Masters' step test (a maximal response one minute after exercise of 150 
per minute or more). In patients with these forms of tachycardia we have 
found that this abnormality may be intensified to a disabling degree 
following lumbodorsal splanchnicectomy and have gradually reached 
the conclusion that under these circumstances a transthoracic sjTnpathec- 
tomy and splanchnicectomy is preferable. For the past few years, in 
these cases we have removed the sympathetic trunks and splanchnic 
ner\’es in two stages about two weeks apart, from the second to the 
twelfth thoracic ganglia inclusive. Thfe maneuver includes the cardio- 
accelerator fibers since none appear to arise above the second thoracic 
level. 

Additional contraindications to lumbodorsal splanchnicectomy appear 
to be coronary heart disease with definite angia pectoris which may be in- 
tensified unless the heart is included in the dener\’ated area. Also, positive 
step tests as judged by abnormalities in the electrocardiogram following 
4 
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exercise, at times associated wth either unusual tacliycaniia or angina, 
maj’ likewise prove to be on mdicotion for thoracic sirnipatiiectomy! 
In such patients, particularly the Kfoup with coronary heart disease 
and angina pectoris, we feel at the present time that removal of the 
sjTnpathetic trunks from the inferior cervical to the twelfth thoracic 
ganglia inclusive is the procedure of choice A typical case in w hich both 
tachycardia and eor-onary heart disease %rith angina pectoris indicated 
the advisability of total thoracic sympathectomy and splanchniccctomy 
IS illustrateil liy Figure 693 



symfiathrctomj' Tbi* inlient had nnema pectftrw tuiit po^lural tach>canhabpforc 
operation In Ibc nrutcly Uencrvalwi mate the Wootl prwsure JeveJs ^ere lower, 
there was moderately severe poeiurai hypotension with a elon pulse rate without 
postural acceleration 

Total Sympathectomy, — Over the years I have had occasion to extend 
thoracolumbar splanchniccctomy to total sympathectomy in sixteen 
cases for one reason or another. TTic indications were excessive and dis- 
abling tachycardia or the tlcvelopment of angina pcctons folloiving 
lumbodorsal splanchnicectomy or the failure of the latter to influence 
basal blood pressure Je^'els. I have not been impressed during this 
limited experience with the advantages of total syropatectomy other 
than to correct tachycardia or relieve an^na pectoris. The great majority 
of these complications could have been avoided had a subtotal or total 
thoracic sympathectomy been performed in the first place. Total s^* 
pathectomy by inactivating both splanchmc vasoconstrictor and cardi^ 
accelerator mechanisms has resulted in prolonged and total disabmty m 
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four of the sixteen cases due to inability to assume the upright position 
because of severe and persistent postural hypotension. Ihis is well 
illustrated by Figure 594. 

Summary. — In summaty then, it is my belief that it is possible to do 
too little and also too much to hypertensive patients. If an adequate 
lumbodorsal splanchniccctomy or a subtotal or total thoracic sjnnpa- 
thectomy is perfonned for the physiologic reasons outlined, tlie maximal 
benefit with minimal untoward physiologic effects nill ensure. We find 
lumbodorsal splancbmccctomy to he indicated in about 85 per cent and 
subtotal or total thoracic siTupathcclomy in about 15 per cent of cases. 
It is my opinion that total sj^npathectomy is not indicated as a primarj’ 



Vstondmg 


Fig. 594.— In this totally sympaihectomized patient, postural hypotension 
continues to persist to a disabling degree thirty months after operation. The 
patient was unable to stand for five minutes without fainting for over a year after 
operation. Her activities are still greatly limited in spite of elastic stockings and a 
snug abdominal girdle This has been an extreme!}- trying experience for the pa- 
tient, her family and the doctors concerned. 


maneuver and probably rarely if ever indicated under any circumstances 
except perhaps to correct untoward physiologic effects resulting from 
the improper selection of the original procedure. 


PHYSIOLOGIC EFFECTS OF ADEQUATE BUT NOT EXCESSIVE 
SYMPATHECTOMY AND SPLANCHNICECTOMY IN HYPERTENSIVE 
PATIENTS 

If the operation is wisely selected for the particular patient, the favor- 
able effects will greatly outweigh the unfavorable sequelae. The period 
of hospitalization will be reasonable (one month) and the period of early 
convalescence to the time patients begin to resume their previous 
activities will not be unnecessarily protracted (two months). With 
regard to the therapeutic value of sympathectomy and splanchnicec- 
tomy it seems certain that this is the result of a combination of favor- 
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able physiologic effects Those may be divided into known and presumed 
effects as indicated by Table 1 

Abolition of Sudden Elevations of Blood pressure Following Stimuli 
Which Result in Widespread Vasoconstriction.— This physiologic 
effect (Table 1) ims boon descnbcd by Wilkins et al These workers 
have showTi that, following adequate thoracolumbar splanchmcectoxny 
such as the bilateral excision of tJjc syTOpathetic trunks from the eight 
thoracic to the first lumbar Ranglia inclusive, together with the splanch- 
nic ncr\’cs arising from those segments, reflex clm'ation of blood pres- 
sure duo to vasoconstni-tum is abolished or greatly roiluced The same 
effect IS noted after total or subtotal thoracic sympatbectomy in vrhjch 
the chains arc removed from the inferior ccr\'ical or second thoracic 
to the twelfth thoracic ganglia inclusive These two operative procedures 
are physiologically equivalent m this respect. 

It la believed that the abolition of those sharp mershoots of blood 
pressure should greatly Icsvcn the mechanical stress and strum on the 
inrihovascular system aiul mnv Ik‘ nii important factor m slmnng the 

TAIM.K I 

ihiYSlOLOQiCAi. Errt-exs o» titMc^TiinTovT rti'i.i'ftnsK'i.oroMV 
I Knowa 

a Modification of rcItcK vasoconstrieOff controi of pr«"*i<uiv 

b Loa’cnni; of haaal biooU prcsaiire ImtI** 

Z Frcsmnpd 

a Inhibition of rcHcx acerefioii of <>}Hiic|>Urinc 

b Sljvlnlizafinn of tiloo<l fltm tlifouuh vijircrn 

progress of or reversang the seventy of cardiovascular disease, and ui 
increasing life expectancy This fnvorabfc effect occurs in ail patients 
subjected to these operation^ and appears to last for many years It is 
independent of any change in h.a'iaf Wowf pressure le\'els and has to do 
only wnth Mipcnmpo^ed sudden elevations of pressure above basal 
levels 

This pliysiologic effect is well illu'itr.atod by Figure 593 m which the 
blood pressure responses to tlie Valsalva maneuver before and after 
splanchnicectomy are ilUistnvted The physiologic effect of total sympa- 
thectomy IS no grc.atcr in this respect tlian that following himhodorsal 
or total or subtotal thoracic sympathectomy as described These reflex 
responses may bo lessened somenhnt after subdwphragmatic or supra- 
iliaphragmatic splanchnicoctoray but may still be very actix'e; so far 
f hey have never been found to bo ahoJcdicd by either of these procedures. 

Lowering of Basal Blood Pressure I^cvels. — Tiiis varies considerably 
from patient to patient, both in magnitude and duration. Afost discus- 
sions of the value of surgery' in fijo treatment of hypertensive cardio- 
vascular disease have revolved about its effect upon blood pressure levels 
It is now apparent that patients may be improved for years from the 
viewpoint of the cardiovaseabr ^'Stem and relief of sj-mptonis, ann 
may also have their life expectancy incwn'^od significantly when the 
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effect of operation upon blood pressure levels is significant but temporarj-, 
or in other cases in which the basal levels are never significantly lowered. 

Actually, lowering of blood pressure to a significant degree lasting 
for one to five years has been noted in about sixty per cent of completely 
unselectcd patients treated by lumbodorsal splanchnicectomy. With the 
passage of time there is a tendency for the levels to return toward pre- 
operative values so that about one-half a.« many patients continue to 



Fig. 595. — The Valsalva maneuver was performed before and after (shaded 
graph) lumbodorsal splanchnicoctomj'. The blood pressure levels are comparable 
in both tests before and during the ten second period of expiration against a pres- 
sure of about 40 mm of mercury. In the latter portion of the test, widespread 
vasoconstriction results in a striking rise m blood pressure to 292/160 a few seconds 
after the expiratory phase before operation. After operation, this phenomenon is 
abolished It is felt that this ph>'siologic effect upon blood pressure, which occurs 
in all thoroughly denervated patients, is an important factor in reducing the 
stress and strain upon the cardiovascular sj-stem This effect is not related to 
changes in basal blood pressure levels 

maintain lower levels during the second as during the first five-j’ear 
period of observation. This respite, together with the abolition of re- 
flex elevations of blood pressure which seem to persist even if thehasal 
levels return to or toward the preoperative levels, appears to be suffi- 
cient to exert a very significant effect upon the progress of disorder. 

An example of a marked and persistent effect upon blood pressure is 
illustrated by Figure 593, and of a slight but significant and temporary 
response by Figure 597 ; an insignificant blood pressure response asso- 
ciated with prolonged improvement of the cardiovascular sj’stem and 
symptomatic relief with unquestioned prolongation of life and economic 
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pjg 590— In the Upper perliw of this hf^irc the Wood 
judsed hVtho postural SnU coid twt. nro coraput^ before ard » Jt 
liter (.h.<ied isriiph) lumbodwral alter ortattoo Thi> 

fimre the levels «rc eontpared heloro end »i\ty-one >>• Xbe 

is regarded as a ..gmCeanl and proteged reduettoo in ,5 egtound 

patient tvm aSl >e.r old Ito' 

ihanges, an enlarged heart and an .bnonml 1 . aetling 
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Fig 507.-^In the uppei portion of this figure the blood pressure levels, as 
judged by the postural and cold test, arc compared before and sixteen months 
after (shaded graph) lumbodorsal splanchniceclomy. In the lower portion, the 
levels are compared before and 60 months after operation. This is regarded as a 
slight but significant and temporary reduction in blood pressure levels. The 
patient was a 43 year old woman, with incapacitating sjmptoms, grade 3 eye- 
ground changes and an abnormal electrocardiogram. This patient is living and 
well and relatively asjTnptomatic six and one-half years after operation. Her 

ejegrounds are grade 2, her electrocardic'"*'**' u.. 

gression o! cardiovascular disease in any’ ■ 

2 (numerical grade 1 ; see Table 11 and F 
for comparable cases) This case was se 

following a temporary reduction in blood pressure levels. It emphasizes the fact 
that the beneficial effects of aplanchniccctomy ace not due solely to the effect 
upon blood pressure levels. 









5 JO «5 20 25 30 35 

T«ne m 

FJig 505 —In iJie upper porUon of this figure the Wood pressure levels are com- 
pared before and Inenty-four months after operation In the lower portion, the 
levels )?<?fore and sixty rnenths after operation are compared At no time was the 
cITcct of operation upon bloodpressiure levels regarded as significant. The patient 
was ft 51 year old mala with lapuily progrcaaing hypertension of Che so-called 
malignant variety, with grade 4 cyrgroonds, no enlarged heart and an abnormal 
electrocardiogram At the present time, eiv years after operation, the patient is 
living and well, working hard, and aaymptotnatic There has been no progrM- 
Bton of cardiovascular dtscase. The eyegrouuds arc graded 2, the electrocardio- 
gram is improved but abnormal, and tlie heart «ic is normal This case libewwe 
iUustrates the fact that beneficial results arc not dependent solcJj’ upon the 
cHect of operation upon pressure blood levels This case hkcwisefuilr into our 
Group 2 (numerical grade 3, see Table JJ and Fig. 60J lor mortaiity and eurvivs 
rates for comparable cases) 
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rehabilitation is illustrated by ngurc 59S. Significant and prolonged 
reduction of blood pressure levels is illustrated by Figure 599. 

Abolition of Reflex Secretion of Epmepbrine. — In addition to the 
known effects it may be safely presumed that reflex secretion of epineph- 
rine is abolished. This might both directly and indirectly, through the 
adrenal cortex, exert a favorable effect upon the hypertensive state. 
Stabilization of blood flow through the viscera with a decrease in the 
periods of reduced blood flow due to vasoconstriction probably also 
results from splanchnicectomy. This mi^it exert a favorable influence 
upon the elaboration of pressor substances by viscera in response to 
periods of ischemia if such a mechanism actually exists in man. It seems 
probable that the favorable effect of splanchnicectomy upon the course 
of hypertensive cardiovascular disease is the result of a combination of 
the physiologic effects of the procedure upon the cardiovascular system. 

Untoward Effects.— Certain untoward effects arc also noted but, as has 
been previously pointed out, these are greatly outweighed by the favor- 
able effects if the proper operation is selected for the particular case. 
Among the unfavorable effects are moderate postural hypotension and 
tachycardia, excessive perspiration in hot weather and cooling of un- 
denervated areas in cold weather. If loss of ciaculation is to be avoided in. 
a given case, the lumbar outflow should be prcser\’ed on one side. Im« 
potence is very rare and may bo disregarded. There is no good physio- 
logic explanation for this as this function is mediated by the parasj*mpa- 
thetic division of the autonomic nervous system, 

Eigbty-three per cent of the patients we ha^'c interviewed five to ten 
years after operation state that the untoward physiologic effects of 
operation are more than counterbalanced by the favorable effects. The 
one most troublesome problem continues to be a variable degree of post- 
operative intercostal neuritis. This persists for a number of weeks in 
most cases, is rarely absent, and occasionally is very severe. It may last 
for several months. With increasing experience and facility in performing 
the operations this problem becomes less troublesome. However, I 
suspect that the combination of sympathectomy and irritation of periph- 
eral nerves results in the elaboration of substances which are irritating 
to somatic nerve endings and causes this particular typo of neuralgia. 
In severe cases, peripheral nerve block or subcutaneous procaine in- 
filtration is helpful temporarily, as is also moist heat . 

COMPARISON OF MORTALITY AND SURVIVAL RATES FOR SURGICALLY 
AND NONSURGICALLY TREATED HYPERTENSIVE PATIENTS 
A comparison of mortality and surxdval rates for surgically and non- 
surgically treated hypertensive patients indicates that the prognosis 
has been significantly improved following lumbodorsal splanchnicec- 
tomy. Mortality rates for representative series of nonsuigically treated 
patients followed for five to ten years are summarized in Table 
It will be noted that the mortality varies uddely in the different series 
from 28 per cent to 91 per cent. A study of these statistics indicates that 
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Fig- 693. In the upper portjpB of lh« fig»ire the blood pressure levels arc com- 
pared before and twelve montte after operation. In the lower portion, the leve 3 
betore and sixty months after operation arc contrasted. This is a marked 
Bistent reduction in blood pressure. The patient was a 42 year old 


for surgical trentnvool f8«! Figures «w aaa wss/ 
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if the patients are divided accoMing to sex, the mortality rate is almost 
twice as great for males as for females. This is indicated by Table 3. 

TABLE 2 


Mortality among Hypertensive Patients Not Treated Surgically 


Author 

Nura* 
her of 
Cases 

Time Followed | 

Mor- 

tality 

Janeway (1913) 

244 

5-10 years 

81% 

Blackford, Bowers and Baker (1930) 

202 

5-11 years 

so% 

Keith, Wegener and Barker (1939) , 

219 

5-9 j'ears , 

91% 

Kasmussen and Hoe (19451. . . . . | 

100 

6 years I 

(average) 

52% 

iJechgaard (19461 

Palmer, Loofbourow and Doering 

103S 

4-11 years 

2S% 

(1948) . . - . . 

430 

8 years 
(average) 

61% 

Total . .... 

2233 

Average . - 

50% 


TABLE 3 

Mortalitt among HiPERTENsn'E Patients Not Treated Surgically 


Author 

Males 

Females 

Janeway (1913) . . 

66% 

69% 

Blackford, Bowers and Baker (1930).. . 

70% 

‘ 39% 

Keith, Wagner and Barker (1939) .... 

93% 

ss% 

Rasmussen and Boe (1945) ... 

71% 

43% 

Bechgaard (1946) 

41% 

22% 

Palmer, Loofbourow and Doering (1948). . 

72% 

52% 

Average* 

67% 

37% 


* Weighted according to number of cases making up each percentage. 


TABLE 4 

Mobtauty among Hypertensive Patients Treated Surgically 


Author 1 

Technic 

J 


Mortality 

Cases 

lowed 

Total 

Males 

Fe- 

males 

Peet and Isberg ' 
(1946) 

Supradiaphragmatic 

splanchnicectotav 

437 

5-12 years 

42 5% 

62% 

30% 

Smithwick (1948) 

Lumbodorsal (thora- 
columbar) splanch- 
nicectomy 

326 

5-10 years j 

29% 

35% 

24% 


The mortality rates for the Peet and Isberg series and for the first 320 
consecutive unselected hypertenave patients to be treated by lumbo- 
dorsal splanchnicectomy are summarized in Table 4. A study of the 
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Ilasmusscn and Iloe senes indicates that the mortality rate for non- 
surgically treated patients increases as the resting diastolic blood pres- 
sure level becomes more severe Tins is indicated by Table 5 in which the 
mortality rates for our 320 sui^cally treated patients are included for 
companson. 

Among the control senes referred to in Table 2, that of Keith, Wagener 
and Barker deserves particular mention since this represents the first 
attempt to divide hypertensiw patients into more comparable groups 
on the basis of cardi ova'^cular abnormalities. This series of 219 eases was 
divided into four groups largely on the basis of the changes noted in the 
eyegrounds The pafienfs m Group I had mild narrowing or sclerosis of 
the retinal arteries Tho'^e m Group 2 batl moderate to marked sclerosis 
of t!ie retinal arteries charactenzed especially by exaggeration of the 
arterial refiex and artenovenoiis rompression. Group 3 contained patients 

TADI.E 5 

Mortautt among tltPERTEvsivE TATiEvrs G Ve^Rs (Ateracb) after First 
F.XAMl^ATfo^• or 5-10 Years after OrERATiov 


nesting Dinstoiic I.A?vel . 

UasmusscR And Hoc 

1 Scnithnlek 

No of 
r.-igc* 

1 Deaths | 

t Mor- 
1 tabty 

1 No of . 
: Cases ; 

Heaths 

Mor- 

tality 

flO-lOO 

4G 

50 1 

j 45% 

83 I 

7 

8% 

110-121 

31 

if> ! 

5S% 

lOS i 

25 

23% 

1254- 

19 

14 , 

74% ! 

iw : 

1 92 

i 46% 

Total 

90 

« ; 

5t% ‘ 

330 

»■ i 

: 29% 


with angiospastic retinitis cliaractcrired especially by edema, cotton- 
ivooi exudate and Jicmorrhages in the n;tin.a superimposed upon a 
combination of sclerotic and spastic lesions in the arteries. If measur- 
able edema of the optic disks was added to tliis picture the ca-sc was 
placed in Group 4 

We have divided 305 of our 320 eases followed for five to ten j'ears 
after operation into comparaVilc groups. The rcmaming twenty-one 
cases had normal eyegrounds and arc not included since no patients 
with normal cyegrounds were referred to in the Keith, Wagener and 
Barker senes The mortality rates for tho two series are compared in 
Table 6. It will bo noted that there is a marked dilTerence in all groups 
which is statistically significant for Groups 2, 3 and 4. There arc 
few cases in Group 2 m the control series to be of s?gnifie.inc<?. Keith, 
Wagoner and Barker also expressed the outlook for their patients by 
constructing sun.'ival curves for each group Wo have made similar 
curves for our cases, and tho cui^tss for tho two series are compared in 
Figure GOO. The marked difference between the outlook for the surgical 
and the medical series is apparent. In ciMnmenting upon their patients, 
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table g 

Mortality amono HTrERTENsivE Patients 5-9 Years AfTER First Examina- 
tion OR 5-10 Years after OfEBATioN 



4 8 12 '6 20 Z4 28 32 36 40 44 52 56 60 64 66 72 re 80 84 88 92 96 100 


Time ^Months 

Fig. 600. — In this figure, the survival curves for our first 305 consecutive un- 


xm. viiiieieiices ousierveu are statistically significant for groups 2, 3 and 4, 
The nonsurgical cases were followed five to nine years and the surgicarfive to 
ten j’ears. 

Keith, Wagener and Barker expressed the opinion that their data could 
serve as control material by wlucb the merits of any particular form of 
therapy for hypertensive cardiovascular disease might be judged. 

More recentl5‘, Palmer, Loofbourow and Doering presented follow-up 
data for medically treated patients followed an average period of 
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eight years. Tiicso data arc less tiatisfactory for purposes of comparison 
since an average foHow-up period of observation is not so explicit and is 
consequently impossible to duplicate accurately. They divided tbrir 
cases into four groups in which the most important changes in any one 
area determined the grade for the particular patient. Tliey divided 
their patients into four grades as (oUoa's: 

Grade 1. These patients have no changes or minimal changes m the 
fundi as represented by narrowing of tfie arterioles, normal hearts or no 
more than prominence of the left ventricle by n*ray study, no impairment 
of renal function by the tests used, and normal urine examination, or 
occasionally slight albuminuria and slight changes on microscopical 
examination of the sediment. 

Grade 2. These cases include moderate organic changes in the fundi 
os represented by nddening of the arteriolar light reflex, narroiring, 
caliber changes and arteriovenous compression. The heart rarely is 
normal by x-ray study; it is usually prominent in the region of the left 
ventricle and eomelimes more definitely enlarged but without functional 
impairment , the kidncj’ is nonnal, slight degrees of albumin and minimal 
numbers of formed elements are found in the urinarj' sediment, or there 
may be slightly unpaired function. 

Grade S The fundi are rarely normal, usually sho\v\ng arteriolar 
narrowing, caliber changes, wide light reflex and arteriovenous com- 
pression. Often there are exudates and hemorrhages; the heart is often 
moderately to markedly enlarged, commonly with symptoms and signs 
of actual or impending congestive failure or symptoms of anginalfailure 
The urine frequently shows albuminuria and casts, and renal function 
is often impaired though actual failure <utcmia) is not common, cerebral 
accidents occur m about 20 per rent of cases 

Grade 4 The cardinal— indeed, the obligator)’— sign is edema of the 
optic disks, vrivli or without exudates and hemorthagea and always with 
marked narrowing of the arterioles. Cardiac enlargement and congestive 
failure may be present; renal impairment and failure are commoa. 

We have arranged our 326 cases followed five to ten years into similar 
grades and the mortality rates arc comparcil m Tabic 7. The difference 
between the two series is marked and statistically significant for all 

fr.,,,. mUJ,, »-> — i- J - , . - — ' 


two series. Tlie mortality rates in both the Keith, Wagener and Barker 
and the Palmer, Loofbourmv and I>ocrtng scries are very high and 
indicate that the prognosis for patients with persistent hypertension 
and cardiovascular disease is poor. The division of hypertensive patients 
into four groups as suggested by these autliors is helpful since it make^ 
a comparison of two different series cases more accurate. Hon ever, 
Eince the method for grouping or gra^g employed by the.'K? authors h 
such that the classification of a case is determined by the changes m 
a single vMcular area, it is possible that the patient material contamea 
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within each of the four groups or grades as defined will vary greatly. 
In order to circumvent this difficulty \vc have devised a plan for arranging 
patients into five groups. In defining each group, many variable factors 
which influence prognosis are carefully controlled. There is no doubt 
which group a given patient belongs in. This should give greater assur- 
ance that the patients in each group will be comparable, and facilitates 
the discussion of the selection of cases for surgical treatment. 


TABLE 7 

Mortautt Among Htpertensivx Patients 8 Years (AvEtt.^cE) after First 
Examination or 5-10 Years after Operation 


Grade of Hypertension 

Palmer, Loofbourow, 

1 IVottitig ] 

j Smithwick 

No. of 
Cases 

Deaths | 

Mor- 

talily 

No. of 1 
Coses 1 

1 Deaths 

Mor- 

tality 

1 

KM 

23 1 

22% 1 

36 

1 2 1 

6% 

2 

80 

33 1 

47% 

80 

1 S ' 

10% 

3 , 

192 

150 1 

78% i 

167 

1 62 1 

37% 

4 

W 

51 1 

94% 

43 

i 22 

61% 

Total ' 

430" 1 

1 202 i 

61% 

i 326t 1 

04 1 

20% 


* 60 5 per ccat of total material. 
1 9S per cent of total material. 


SELECTION OF PATIENTS FOR SURGICAL TREATMENT 

Method of Study. — An outline of the method of study used given 
because the data serve as a basis for dhiding cases into a number of 
groups. If this information is available, it is then possible to judge the 
prognosis for a given patients with considerable accuracy. In general, 
patients who fall into Groups 1, 2, or 3 are regarded as suitable cases for 
surgerj'. With few exceptions those who fall into Groups 4 and 5 are 
poor candidates for surgical treatment. By comparison with control data 
in the literature, concerning nonsurgically treated patients, the life 
expectancy following splanchnicectomy appears to have been increased 
to a statistically significant degree in cases falling into Groups 1, 2, and 3. 
This is not the case for patients falling into Groups 4 and 5. 

In addition to a detailed history and physical examination the follow- 
ing information is desirable : 

Eiaminalion of Eyegrounds . — The cygrounds should be examined by 
an opthalmologist, with fully dilated pupils. Occasional patienfs with 
continued hypertension have normal eyegrounds. A simple classifica- 
tion has been used which divides the abnormal cases into four grades. 
(1 ) Into this grade are placed cases with spasm only, generalized narrmv- 
mg or irregular constrictions, or both, of any degree, without evidence of 
sclerosis, and without hemorrhage, exudate or papilledema. (2) Sclerotic 
changes, particularly arteriovenous compression, generally associated 
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unU/or exudate liut without papUlctIcma, regardless of the changes in the 
vessels (4) I’apiJledcma, measuraWe elet'fllion of the dfsic, is the princi- 
pal critenon for inclusion in llm group It is Benerally associated 
hemorrhage and exudate and changes of consequence in the retinal 
arteries. 

DdcTinination of CariUac and Renal Status. — The cardiac status h 
determined hy a cardiologist, supplemented by an electrocacdmsrsim and 
a seven-foot heart plate with particular reference to the size and sJiapecf 
the heart and the state of the aorta. Tlie renal area is evaluated by uri- 
nalyses, a twelve-hour concentration test, an intravenous phcoolsul- 
fonphtlialein test, the <lye lieing injected after a period of forced fluid 
intake, and specimens collected at inloirals of fifteen and thirty minutes 
and one and two hours. This ordinnrj* test of renal function is useful in 
estimating the extent of renal damage in hypertensive patients and is the 
one we have come to rely upon most. A nonprotcin nitrogen determina- 
tion is made and intravenous pyelogmms are obtained routinely. 

Blood Studies — Blood studies include counts, smears, hemoglobin 
determinations, blood grouping, Uh factors, Hinton, blood sugar, scrum 
protein, cholesterol and chlorides. 

Neurologic I needigation — If a ecrebml vascular accident has occurred 
a neurologic consultation Is rcquestctl and such additional studies as 
skull plates, electrocnccphalognvms and lumbar puncture are earned out 
as seem indicated 

PosiuTti! ami Cold lllood Pressure Test — A po'itural and cold blood 
pressure test is performed tvs foHow-s; the patient U rcquirtxl to have at 
least forty -eight hours of bc<l rest except for lavatorj' privileges Following 
this prcltminao’ period, the tests are carried out by technicians rather 
than physicians since the former are gcncrnlly able to obtain lower 
readings tlian a physician, presumably ^cause the latter often act as a 
pressor fctimuhis to the patient- rreliminaiy' readings of blood prcMure 
arc taken on each arm If no great rliscrepancy exists tiie right arm is 
used. If there is a marked iliiTcfcnce on the two sides, this is checked a 
number of limes and the arm \nth the higher reading h selected The test 
IS explained to the patient arul after an additional rest penod of fifteen 
to twenty minutes m the honzontal position observations are begun It 
13 essential that the environment be quiet, confortnble and piea^t 
Ward patients are transported to a special room for performance of the 
test during which there should he no inlcmiptions. 

Reading of puhe and blood pressure arc taken c^'crj’ minute for 
five minutes with the patient first lying, then sitting, then standing- ihe 
horizontal position is again assumed and five further reading at impute 
intcn'als are taken following which the opposite hand is immersra m 
ice water (4 to 5“ C.) up to the wTist for exactly one minute, 
are taken after thirty seconds and at the end of the sixtj* seconds of s • 
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lation by cold. Readings are then continued at one-minute inten'als for 
an additional five minutes. The patient then assumes the upright position 
and after five preliminarj' readings at one-minute intGr\’als, the cold 
stimulus is repeated exactly as in the horizontal position. This is followed 
by five additional readings at one-minute inten'als. The average of the 
first five readings in the horizontal position of the first portion of the 
postural and cold blood pressure test is regarded as the resting blood 
pressure level. 

Sedative Test . — A sedative tost is performed in all cases. Following a 
light supper, 3 grains of sodium amytal are given bj’ mouth at G:00, 
7:00, and 8:00 p.m. Hourly readings of pul«c and blood pressure are 
recorded from 7:00 p.m. to 7:00 a.m. The lowest reading of s>’stolie and 
diastolic blood pressure is taken as the response. This is evaluated by 


TABLE 8 

Method Used eob Dcteraii.s'ixg the N’l*meric.\i- 
Gr-vdc or IIyptertessut: P.\.tien'ts 

Numencal Value 

Factors to Be Considered of Each Factor 

Cerbrovaaeular accident without or xnth minor re- 
sidual 

Abnormal EKG 

Enlarged heart , 

Impending failure 

PSP less than 2.5% tn I5minutesor60%>n2bour3 
Age 50 or over 
Mild angina 

Cerebrovascular accident with residual* j 

Frank congestive failure moderate an:dr»a 1 , 

P.SJP. less than 20% in 13 minutes | 

Unsatisfactory response to sedation j 

P.S.P. Ws than 15% in 15 minutes 3 


Xitrogen retention . 4 

* Cerebral deterioration or definite involvement of arm and/or leg 


comparison ^th the horizontal or resting blood pressure level as de- 
termined by the postural and cold test, and the diastolic response is 
regarded as the most significant figure. For patients with resting diastolic 
levels in the postural and cold test between 100 to 119 mm., the diastolic 
response to sedation should be 90 mm. or less, for those in the range of 
120 to 129 mm., it should be 100 mm. or less, and for those with resting 
levels of 130 mm. or more it should be 110 mm. or less vn order to be 
regarded as satisfactorj-. Better responses than this not infrequently 
occur and are regarded as good or excellent. Also, a lesser response is 
not uncommon and is regarded as poor. 

Method Used to Determine the Numerical Grade of Hypertensive 
Patients. — ^To determine the numerical grade, the changes in the 
cerebral, cardiac and renal areas as well as the age of the patient and the 
response to sedation are first taken into consideration. The factors to be 
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considered and the numoricai value of each is indicated in Table 8 
Specific examples of the method of Ip'ading arc Riven in Table 9. Patients 
\\ ho hat'e a numerical Rrade of less thati4 wU fall into either Group I or 2 
Patients with a numerical grade of 4 or more will fall into Groups 3, 4, 
or 5. The strikinR dilTcrcnce m the mortality rates for patients ivilh a 
numerical grade of less than 4 as compared sritli those having a numeri- 
cal grade of 4 or more is indjcafcrl by Table 10 


TABLK 9 

Two ExtiiptLs or Metho» roR Dbtermivino \uuerical Graob of 
IIypertevsive Patients 


Factors Consitlcrcil 

Example I 
Almormol EKG 

Cerebrovascular neeiilenl wjlboul rcsiilunl 
P S P ‘i0% in 15 minuiea 


Numerical Value 


Total 
Example 3 
Abnormal EKG 
EnlarRcd liearl 
1» 8 P 10% in 15 minute* 


3 •• Numenesl graJe 

i 

1 

3 


Total 


5 >• Numerienl grade 


TABLE 10 

Moiitautt auono SuRCiCAUi.r Treated IlTrBRTEssivE I’atjents Fottowto 
WO Years Accordino to Nouericai. CftAOiao or Carmovascuiar Status 


Numerical Grade 

No of Cases 

Deaths 


Less than 4 

255 

31 

! 12% 

4 or more 

120 1 

7S 1 

i 62% 

Total 

OUl 1 

m 1 

29% 


Method for Grouping Hypertensive Patients.— Having determined 
tiie numerical grade of a particular patient, one then proceeds to place 

tliecasc into one of our five gr" "■ .i-i.-i,.P8tt.«r.i 

the case will fall into Group I 
and the changes in the eygrou 

with the mortality rates for each group. If the numerical grade is 4 or 
more the case will fall mto Group 3, 4, or 5, depending upon the resting 
diastolic level and the sci'cnty of the cardiovascular changes in the 
cerebral, cardiac, or renal arc.^8. This is indicated by Table 12 together 
with the mortality rates for these tliree groups. Survival curx'cs ha\c 
• ’ ' < ' r . -1 ' tjjg jjyjj groups and are illustrated by 

'loted Uiat the operative mortality m- 
I to 22 per cent for Group 0. 
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In order to obtain some idea what the mortality rate for the patients in 
each of our five groups might have been had they been treated by con- 
ventional medical measures, the mortality rates for the patients in 
each group have been estimated by arranging the patients into the 


TABLE 11 

Mobtautt Rates for SunciCALEY Treated HtpertensU’e Patiekts Followed 
5-10 Years; Numerical Grade Less than 4 


Group 

Other Factors 

No of 1 
Cases 1 

Living 

Dead 

Mortal- 

ity 

1 

Females and males with eyegrouods 
Grade 0 or 1 

Females with ej’eBrounda Grade 2 
or 4 

175 

162 

1 

13 

! 

^% 

2 

Females with eyegrounda Grade 3 
stales with eyegrounds Grade 2, 3 
Or 4 

SO 

62 

18 : 

23% 


TABLE 12 

Mobtautt Rates for Surg:callt Treated Hypertensive Patients F ollowed 
5-10 Years; Numerical Grade 4 or More 


Group 

Other Factors 

No of 
Cases 

Living 

Dead 

Mortal- 
1 »ty 

3 I 

Resting diastolic level below 140 
nun. Cerebrovascular accident 
with residual, or frank congestive 
failure, or P.S.P. below 15% in 
15 minutes and poor response to 
sedation not present 

52 

3S 

14 

27% 

4 

Same as 3 except that one or more of 
the cardiovascular changes re- 
referred to is present 

38 

7 

31 

82% 

5 

Resting diastolic level 140 mm. or 
more regardless of cardiovascular 
changes 

36 

3 ! 

1 

33 

92% 


Keith, Wagener and Barker groups and the Palmer, Loofbourow and 
Doering grades. The observed and estimated mortality rates are sum- 
marized in Table 13. The actual mortality rates for patients in our first 
three groups are considerably lower than the estimated mortality rates, 
suggesting that surgical treatment is most effective in such cases. The 
actual and estimated mortality rates for patients in our Groups 4 and 5 
are the same, suggesting that surgerj' has no influenced the prognosis in 
these patients. 







Time -MONTHS 

Fig G02. — Survival curves for surgically treated patients falling into c 
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Indications and Contraindications to Surgery. — Until further control 
data accumulate to ser\’o as an additional check on these statistics, it 
would seem best to advdse against operation in patients falling into our 
Groups 4 and 5. Operation may be recommended in patients falling 
into our Groups 2 and 3. With regard to our Group 1, it should be stated 
that this contains thirty-seven cases with minimal eyeground changes at 



Fig. 603 — Before operation this 39 year old woman had sustained a cerebral 
accident with definite residual paralysis Her eyegrounds were grade 4. She had 
an enlarged heart, an abnormal electrocardiogram, frank congestive failure, 
marked reduction in renal function without nitrogen retention, and a poor re- 
sponse to sedation. Her numerical grade was 11. She falls into our Group 4. The 
patient died within a year after operation of o cerebral hemorrhage This is a 
typical example of a case in which surgery is contraindicated. The mortality and 
survival rates for similar cases are given in Table 12 and Figure 602. 

most, \\dthout demonstrable abnormalities in the cerebral, cardiac, or 
renal areas. These patients would fall into the Palmer, Loofbourow and 
Doering Group 1. The actual mortality rate for these patients was 5 per 
cent as compared with an expected mortality rate of about 20 per cent. 
It would seem permissible to observe such cases until further evidence of 
cardiovascular damage is apparent since the mortality rate in the re- 
maining 138 cases in Group 1, who had more evidence of cardiovascular 
disease, was only 2 per cent higher. On the other hand, a longer period of 
observation may indicate that such a policy is undesirable. The other 138 
cases in our Group 1 had either cerebral accidents, definite changes in the 




5 10 (5 20 25 30 35 

Time in Mmutes 

Fig COJ.— In this future, the l>ioo<] prrssuro JeveU before end one jeer efler 
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TABLE 13 

Moktalitt Rates ron SriiciCAiLr The step llrrERTSNSira Patients Followed 
5-JO Years Coiipareo with SIortacitt Rates EbtiUated from the Keith, 
Waoener and Barker, and Palveb, Loofbopbow and Doerino Control 
Data 


Observed ifortalitj^ 

MortaJjW Estimated 
From 

Croup 

No. of Cases 

Deaths 

Mortabtr 

KWB Data 

P.LD Pats 

2 

3 

4 

5 

175 

SO 

52 

35 

3G 

13 

IS 

14 

31 

33 

^% 

23 % 

27% 

82% 

02% 

S6% 

73% 

79% 

01% 

1 


cardiac area such as enlarged hearts or abnormal elcctrocarcliograms or 
both, with early failure in some, or slight to moderate reduction in rena 
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function and in manj’ females grade 2 or 4 eyegrounds. The actual 
mortality rate for these 138 cases was 7 per cent ns compared with an 
estimated mortality rate of about 50 per cent. On the basis of the evi- 
dence at hand it would seem desirable to recommend surgcr>' in these 
Group 1 patients. 

It should be emphasized that the control data available have to do with 
the outlook for hypertensive patients treated by so-called conventional 
medical measures. It does not take into consideration the long range out- 
look for hypertensive patients treated by more recently developed diets 
and drugs. IVTiether these measures, such as severe and prolonged dietary 
restrictions, particularly of salt intake, will materially influence the 
long range prognosis will not be known for years. In the meantime it 
seems proper to recommend surgery where it appears to hav’C been most 
effective. It also seems probable that the best results in the long run will 
be obtained by those patients who have the benefit of both surgerj’ 
and medicine. It is becoming increasingly obvious that surgerj’ should 
not be reser\’ed as a last resort. 

OTHER SURGICAL MEASURES IN TREATMENT OF HYPERTENSIVE 
CARDIOVASCULAR DISEASE 

Uidlateral Nephcectomy. — Brief mention should be made of unilateral 
nephrectomy in the treatment of hypertensive cardiovascular disease. 
Follou'ing Goldblatt’s brilliant animal experiments, the possibility that 
a diseased kidney miglit elaborate a pressor substance and cause hyper- 
tension received widespread consideration. As a result, a considerable 
number of patients were treated by nephrectomy. A recent review of 
reported results by Homer Smith*^ reveals a number of cases in which the 
hypertension has been favorably modifiwl without doubt. So far it has 
been impossible to predict which patients will respond. It is generally 
agreed that the indications for nephrectomy in hypertensive patients 
should be the same as for nonhypertensive patients. Only seriously 
damaged or nonfunctioning kidneys should bo removed. The opposite 
kidney should be normal. It is inadvisable to remove the poorer of two 
involved kidneys. 

Pheochromocytomas. — Hypertension due to a pheochromocytoma is 
rare. Since removal of such a tumor is almost always succos^ul, it is 
important that this diagnosis be kept in mind as a possibility in every 
hypertensive patient. To date there are about 250 case reports in the 
literature. Only about one-third of the patients were operated upon. The 
tumors in the other cases were discovered at autopsy. 

Most of these patients have a history of paroxysmal attacks of hyper- 
tension associated most commonly with headache, palpitation, vomiting 
and sweating. It is important to realize, however, that some patients do 
not have these attacks and may be regarded as having so-called essential 
hypertension. In such cases, unexplained temperature elevations, ex- 
cessive sweating, a basal metabolic rate of plus 20 or more, elevated blood 
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sugar and rapid heart rate, particularly postural tachycardia associated 
with postural hypotension, should lead one to suspect the presence of a 
pheochromocytoma. 

The introduction of adrcnolidic drugs** has helped to confirm the 
presence of a phcoc/iromocytonia and fe a much safer procedure than the 
precipitation of an attack with histamine or mccholyl. The use of the 
latter drugs is qucstionablem patients « ithhigh sustained tj-pes of hj’per- 
tension. An adronolyic blocking agent should bo nvailable to stop the 
attack if precipitated in such cases 
These tumors arc small u-s a rule, about 4 cm. in diameter on the 
averugo. They are occasionally demonstrated by pyelography. Perirenal 
air injections can be made but are not without serious hazard. Tlie vast 
majority of the tumors arise in the adrenal gland and are unihteral 
Bilateral tumors arc rare Occasionally the tumors arise from ganglionic 
tissue in the lumbar region and veiy rarely in the tljorav. So far two 
eases are on record m whom the tumors were intracranial in position 
It 13 II ell to cvplore the adrena) glands during the perfoiroaDce of a 
thoracolumbar hplancbniccclomy. In tins way, tumors will not be 
overlooked The thoracolumbar approach with division of the diaphragm 
18 the best e\posurc for removinga tumor when It is known lobe present. 
UTicn using a technic for splanchniccctomy in patients with essential 
hypertension which docs not permit cvploration of the adrenal glands, 
unusual precautions should be tnken to e.vclude the presence of a pheo- 
chroraoeytoma by appropnatc study of the p.'iticnl 

SUMMARY 

The surgical plij’siologj' of hypertension is discussed w’ith particular 
reference to various teclmics for splanclmicectomy in the treatment of 
essential and malignant hypertension Emphasis is placed upon adequate 
but not too cNtcnfcivc eurgerj’ nnd (lie careful selection of the procedure 
best suited to a particular patient. 

The physiologic effects of ►planchniccctomj’ upon the cardiovascular 
system aretihcusscci in detail The opinion is expressed that the beneficial 
effect upon tlic course of hypertensive cardiovascular disease is not due 
solely to the effect upon basal blood pressure levels but is the result of a 
combination of effects , 

Mortality and sundi’al mtea for surKicnlll' nnd nonsurgically treatw 
hypcrtensiv'c patients arc compared. The available evidence strong} 


presented. Many variable factors are controlled so that more coniyaiauic 
patients are contained in each group llio mortality and suianval la w 
for each group arc given. On the basis of estimated mortality rates iro 
control data in the literature it would appear that surgery c' 

fluenced the course of the disorder in patients falling into Grcmps4 ana . 



SUnCICAL PHYSIOLOGY OF HYPEUTBNSIOX 


1729 


It does not seem indicated in the treatment of those cases. On the other 
hand, the prognosis for patients in Groups 1, 2, and 3 appears to be 
greatly improved. Surgerj' would seem indicated in patients contained in 
Groups 2 and 3 and in most of the patients in Group 1. Further control 
data are desirable, and will be available soon to serve as an additional 
check upon these conclusions. 

The indications for unilateral nephrectomy are mentioned briefly, and 
the importance of not overlooking the presence of phcochromocytoma 
in hypertensive patients is stressed 
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THE PHYSIOLOGY OF CARDIAC StTRGERY 
John H. Gibdos, Jr., M.D.* and Joseph W. Stayiian, Jr-, M.D.f 

The physiologj’ of cardiac surgery implies the p\\ysiology of all the 
cardiorespiratory' functions. However, it is not proposed to review the 
basic facts of physiologj* or anatomy which can bo found in standard 
textbooks, except whore these facts apply to the particular problem of 
cardiac surgery under consideration. 

The term “cardiac surgery” also requires definition. Although a great 
deal of experimental cardiac surgery has been done upon animals, opera- 
tions upon the human heart have been chiefly confined to the svirface or 
to the walla of the heart. The field of intracardiac surgery on human 
patients is in its infanc}’. The physiological principles applying particu- 
larly to the following fields of cardiac surgery will be considered: (1) 
wounds of the heart, (2) operations upon the pericardium, (3) operations 
designed to improve the blood supply of the myocardium, and (4) intra- 
cardiac operations, including those currently performed as well as those 
projected for the future. 

Operations upon the great vessels in the immediate vicinity of the 
heart will not be discussed, even though some of them have been designed 
to afford relief from congenital or pathologic abnormalities of the heart 
itself. Thus, vascular anastomoses between systemic arteries and the 
pulmonary arterj*^ • to increase the amount of blood flowing through the 
lungs 'will not be described here. These operations arc designed to relieve 
the symptoms arlsmg from a congemtal abnormality of the heart, known 
as tetralogy’ of Fallot, but do not correct the malformation of the heart 
itself. Similarly, the ligation of a persistent patent ductus arteriosus 
nill not be considered; nor will the operation of Sweet*® which con- 
sists of anastomosing the azygos vein to a branch of the inferior pulmonary 
vein in patients with mitral stenosis. AM these surgical procedures are 
related to cardiac surgerj’ but constitute an indrect approach to the prob- 
lem and therefore will not be considered here. 

Any surgeon operating upon the heart should be well acquainted with 
the fundamental work in cardiorespiratory physiology. There are three 
or four special considerations in this field which merit particular consid- 
eration. The first of these concerns anesthesia. 

ANESTHESIA 

The history of anesthesia for intrathoracic operations constitutes a 
brillia nt chapter in the adaptation of physiological knowledge to clinical 

• Professor of SurRery, Jefferson Medical College; Attending Surgeon, Jefferson 
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1731 



1732 


JOttN II. OIBBON, ^n., JOSEPH W. STAYIIAN, Jit. 


problems TJiis history tvi}I not be rei'ien-ed here. It suffices to say that 
intratracheal anesthesia should be used in all operations upon the heart. 

The Use of the Intratracheal Tube.— Tlic technic of inserting a tube 
into the trachc.a under either local or general anesthesia is a relatively 
simple procedure which can be performed by all medic.ai anesthetists, 
and which aJ] surgeons mtertsted in thoracic surger}’ shouM he abk to 
carry’ out. With such a tube in the trachea, all types of intrapleural 
operations in a free pleural space can be performed without danger to 
the p.aticnt from collapse of the lung on the side being operated upon. 
Jt is fnic tJwt a pleural carity can 1«? opened M/thoutsuchasa/eguard and 
expansion of the lung on the operal«l side can be maintained by positive 
gas pres-iure in a tightly filling face mask. Such a procedure, however, 
IS only mentioned to bo condemned. Larj’ngeal spasm, edema of the 
gloUts, or tho accumuhtion of frachcobronchfal secretions may' obstruct 
the ainvay with fatal consequences. In addition, the positive pressure of 
the gas mi.xturc in the tightly fitting face ma.sk, if continued long 


eliminates the hazards mentioned above of intrapleural operations per- 
formed with only a tightly fitting face mask. The tube insures a free 
ainray at all times which cannot be obstructed by approximation of the 
vocal cords. Secretions can be readily aspirated from the tracheobron- 
chial tree by a catheter inserted into the trachea through the tube. 

istcntion of the rubber balloon seals the tube against the trachea, thus 
preventing the escape of air between the lube and the trachea (Fig. 005). 
This creates an airtight sy-stem between llie lung and the anesthetic 
machine permitting inflation and defI.ation of the lung at will, and oh- 

■ • tube is not 

■ jf the heart 

. free pleura! 

cavity’. Exposure of the heart through o median sternotomy’ or bj’ resec- 
tion of costal cartilages and inlcrchondrol structures over the pre* 
cordium on the left side will frequently permit exposure of the h^ 
without opening the pleura, nic po«s«bUcty of accitlenlally tearing the 
pleura alway’S exists, hoirevcr, and because of this, and of the other a 
vantages mentioned above, it is always advisable to employ an intra- 
tracheal tube a hen operating upon the heart. 

Choice of Anesthetic Agent. — Any' one of a number of anestheti 
agents may be cliosen for cardiac suigeiy. The authors have a 
preference for ethyl ether anesthesia. Ether permits the cmploymca 
practically 100 per cent oxygni in the gas mixture in the 
machine and the lungs. The only diluents of this oxygen mixtu 
BrT.o?I nnirtnnt of cfhcr vaoorood the carbon dioxide 
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period required to perform even the longest intrathoracic operation is 
not harmful to the patient. Most other gaseous anesthetic agents must 
be present in a very appreciable concentration in the gas mixture to 
exert their anesthetic effect. As the concentration of the anesthetic gas 
increases, the concentration of oxygen decreases. 

It is true that with modem anesthesia, concentrations of oxygen as 
low as 21 per cent, i.c. that existing in room air, arc often sufficient to 
insure adequate saturation of the arterial blood with o\ 5 ’gcn during the 
course of intrapleural operations. However, a high concentration of 
oxygen in the gas mixture administered to the patient constitutes a 



valuable additional safeguard against h 3 q>oxemia. Such additional safe- 
guard is of special value in intrapleural operations upon patients with 
impaired pulmonary function. It is just as important to retain this safe- 
guard in operations on patients with impaired cardiac function. To the 
authors’ mind, there is no valid reason for discarding it. 

The argument is occasionally advanced that the use of anesthetic 
agents such as nitrous oxide or cyclopropane permit a more rapid re- 
covery to a state of full consciousness after the anesthetic is discon- 
tinued. It is our experience and that of many others that the skillful 
use of ethyl ether and oxygen permits a similar rapid return to full 
consciousness at the conclusion of the operation. Rapid recovery from 
an anesthetic agent is important for many reasons. The early return of 
the cough reflex is especially important, since it enables the patient to 
get rid of any bronchial secretions which may be present. 
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Mention slioulil be made of the use of cj’ciopropane in cardiac opera- 
tions Disorders of tlie cardiac rh>'thm arc apt to occur w ith this anes- 
thetic nRcnt, especially udien it is used in elderly patients. It seems ad- 
visable, therefore, not to use c3*clopropane in operations upon the 
heart. 

Avoidance of Accumuiation of Carbon Dioxide in the Body.— -Finally, 
men tion should bo made of the importance of avoiding accumulation of 
carbon dioxide in the bod}' during the course of prolonged intrapleural 
operations When such an acenmuhation of carbon diovide occurs, the 
tension of carbon dioxide in the arterial blood rises and the pH falls. 
Beecher* has recently reported the detection of severe acidosis m the 
course of prolonged mtrathoracic operations, the pll falling in j^onie 
instances as, low as 7.00. Such severe acidosis is obviously de!ctenou.\ 
particularly so in cardiac eurgerj* because of its effect upon the muscle 


be prolonged, and systole shortened. If sc\crc enough, acidosis will 
produce cardiac arrest m diastole. Acidosis also reduces the conductirity 
of the bundle of His. When severe enough, complete heart block may 
result. It iS particularly important, therefore, in cardiac surgerj' to avoid 
the acidosis which may occur in prolonged intmlhomcic operations 
The acidosis is due to an uncompensated carbon dioxide c.\c€ss in the 
blood It results from failure to remove all the carbon dioxide from the 
closedgaseirciiit botucen the patient's lungs and the anesthetic machine. 

Carbon dio-xide accumulates in the tissues and the blood os a result of 
normal metabolism. With a respirator}' quotient (the ratio between the 
carbon dioxide produced b}' the body to the oxygen consumed) of 082, 
it 13 obvious that almost as much carlion dioxide must leave the blood 
in the lungs as oxy'gcn is taken in. For an indii’idual in the basal state, 
the carbon dioxide which liastobcabsorlicd perminutein the anesthetic 
gas circuit will amount to between 200 and 250 ec. per minute ff this 
amount of carbon dioxide is not absorbed, it will accumulate in the 
mi.xture, tlic concentration of carbon dioxide in the alveolar air will ri.'e, 
the tension in the artcnal bfood niU increase and eventually a severe 
grade of acidosis w ill dei'olop. 

It is the function of the soda lime in the cIo''cd gas circuit to absorb 
carbon dioxide. Proviricd the sain lime is of good quality, present in 
adequate amount, and changed whenever it becomes hot from prolonscd 
use, carbon dioxide should be adequately eliminated from the gas mix* 
turc. This presupposes, liowever, an adequate and continuous mixing ^ 
the gas in the lungs with that in the anesthetic machine. Obvious!} , 
if there is not a continuous movement of gas betw con the lungs and t e 
anesthesia apparatu*', carbon dioxide will fail to reach the soda im 

- - • .1 i /V - precautions 

ibtaingof^ 

anesthetic 
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machine constitutes the commonest cause of acidosis in intrathoracic 
operations. , * 

Recent unpublished work in our laboratory and clinic has shoum that 
such acidosis may be avoided by maintaining a good tidal exchange 
through intermittent compression of the rubber respiratory bladder in the 


Cons+ont Flow 
Posi+ive Pressure 


necVianicaWy 
Con+rolled RespiroMon 



Ac+ive novernen+ 
of chest wall if diaphragm 



No Movement 
or slight passive movement 
of chest wall & diaphragm 


Fig. 606 —Sketches illustrating the advanta^s of intermittent compression 
of the rubber bag in the anesthetic circuit (right} over dependence upon the 
patient’s respiratory movements for producing an exchange between the rubber 
bag and the anesthetic circuit and the patient's lung (left). (Reproduced from 
the ^^utter Lecture entitled “Cancer of the Lung” by John H. Gibbon, Jr., M.D., 
Trans. & Studies of the College of Physicians in Philadelphia. In Press.) 

anesthetic circuit. This may, of course, be done manually by the anesthe- 
tist, hut we believe it can be accomplished more effectively and surely 
by mechanical means. When the pleural cavity is widely opened, the 
ordinary muscular movements of respiration are not effective in obtain- 
ing an adequate movement of gas in and out of the lungs. 'When the 
<liaphragm descends and the rib.«5 swing upward and outward, the size 
of the thoracic cage Is increased. ^Mien the chest is intact, this results 



1735 


jous II. ornDo.v, j«., jobbvh w. stxtiiak, jr. 


in the passage of air through the open glottis into the Jungs. When me 
pleural cavit}' is widely opened, these conditions do not occur. IVhen the 


in through the operative wound, rather than entering the Jung through 
the trachea and bronchus. Also, unless Jt is rigidly fived, the mediastinum 
will swing to the opposite side with an inspiratory' movement. The 
additional space in tlic oppcBite hemithora-x made available by the 
inspiratory moi’cmcnt wHl be occupied 6y the racd/astinaJ structures 
rather than by an increase of air within the lung on that ^ide. Provided 
a high concentration of oxjT^cn is m-nlntamed within the closed system 
iietwcon the lungs and the aneslhclic circuit, severe degrees of uosatura- 
tion of the arterial blood wdth ovygen will not occur despite the in- 
adequate c-vchangc of gas between the lungs and the machine. Carbon 
diovide, however, will accumulate in the alveolar air. Jt is essential, 
therefore, to supplement this lmi<Icquatc cvcliange of gas, which occurs 
from the ineffectiveness of the respiratory movements under these 
conditions, by intermittent compression of the rubber bladder in the 
anesthetic circuit. In the past nine months, we have employed intermit- 
tent mechanical compression of the respiratory bladder using either the 
Mnutz" or the Crafoord^ apparatus, in more than 1-15 intrathoracic 
operations We /lavc boon aWe by this mains to ai*oid acidosis in pro- 
longed intrathoracic operations (Fig. COG). 

THE AVOIDANCE AND CORRECTION OF DISORDERS OF CARDIAC 
RHyTHM 

The obscr\’ancc of the plij'siological principles outlined above wi^ 


itself, certain addition.il precautions must be observed to avoid dis- 
turbances of carduac rhythm. Whether the surgeon be suturing an 
incised or penetratin'; ivount) ol the heart, or removing thickened and 
calcified pericanlium, or attempting to increase the blood supply to the 
myocardium by some mc.ans, or whether lie is actually entering one of 
the cardiac chambers to remove foreign bodies or cut stenotic valm, 
he must, if possible, avoid proiJiicing di.sorders of the cardiac rhythm 
by his manipulations. 

The surface of the heart itself is irritable, and irregular contractions 
may be produced by mechanical stimulation. The least harmful of these, 
perhaps, is the production of cxiraspstotes, which tend to disappear 
when the mechanical stimuLation ceases. Rough handling of the organ 
ghoufd, of course, ho avoided. Gentle traction transmitt^ through a 
suture placed in the apev or upon the auricular appendage is suprisin^ 
well tolerated. Slight displacementa of the heart by gentle pressu , 
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jielding a little with each heartbeat, can usuallj' be carried out without 
ill effect. Bathing the surface of the heart with 1 per cent procaine solu- 
tion will tend to reduce the irritability of its surface and enable the 
manipulations mentioned above to be carried out with less likelihood 
of producing disturbances in rhji,hm. Similarly, the intravenous injec- 
tion of 0.1 per cent procaine solution given slowly will also tend to 
reduce the irritability of the heart during manipulation, as well as help to 
initiate the return of normal rhythm after irregularities have appeared. 

The most serious disturbance of cardiac rhythm is ventricular fibrilla- 
tion, which will rapidly result in death unlc^ promptly corrected. Beck* 
has demonstrated that passing an electric current through the heart by 
means of two, broad, well-padded electrodes directly applied to opposite 
sides of the heart will frequently result in the rc-establishment of normal 
rhjdhm. The electrical shocks administered in this fashion may have 
to be repeated several times, with inter\’als of rest between the shocks, 
before normal rhythm is established. This is probably the most effective 
method of re-establishing regular rliythm in the presence of ventricular 
fibrillation when operating upon the heart. It is advisable, therefore, 
to have such an apparatus available and ready for instant use when 
performing major operations upon the heart, especially when the myo- 
cardium is diseased or the coronary blood supply is inadequate. 

Intermittent compression of the ventricles of the heart by manual 
means is a most effective method for maintaining some degree of circula- 
tion and for restoring the normal rhythm in cases of cardiac arrest or 
ventricular fibrillation. It is commonly referred to as massaging the 
heart. The term is obviously inaccurate. The procedure should consist 
of intermittent compression of the ventricles at a rate somewhat slower 
than the normal beat, allowing adequate time for diastolic filling between 
successive compressions. The procedure should be employed immediately 
in all instances of cardiac failure from whatever cause during operation 
upon the heart. It is particularly important that it bo carried out from 
the moment ventricular fibrillation begins until the electrodes are in 
position to shock the heart into normal rhythm. By this means, some 
degree of circulation will be maintained until the normal cardiac output 
is restored with a return to normal rhythm. 

In addition to disturbances of rhythm which may occur during ma- 
nipulation of the heart, it is important to avoid any procedure which will 
interfere with the organ’s normal function of the fonvard propulsion of 
blood. For example, in wounds on the posterior surface of the left ven- 
tricle, it is frequently' necessary to dislocate the heart from its normal 
position in order to obtain adequate exposure for suturing the wound. 
TSTiether this is accomplished by traction upon a suture in the apex of 
the heart or by manually dislocating the heart upward, care must be 
taken not to hold the heart in this position any longer than necessary. 
The degree of dislocation should also be as little as possible in order to 
accomplish the required purpose. Marked displacement of the apex of 
5 
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the heart \ipwar(l and out of the cliest is very poorly tolerated. Cardiac 
filling and output are reducwj and disorders o! rhythm are likely to 
occur. 

The auricular appendages can bo Imndled, traumatized, incised and 
even excised'*' with great impmuty. Iforfccn' and Bailey' have recently 
used an incision in the aurievdar appendage in order to divide a steno'^ed 
mitral valve on human patients. Madden*® has actually advocated and 
practiced c.xcision of the left auricular appendage to prevent arterial 
emboli from mural thrombi in patients with nntral \'alvular disease. 
Experimentally', it has been slionn that other portions of the heart can 
bo successfully excised. Gordon IVfurray** lias recently reported the 
successful excision of infarcted areas of the ventricles in animals. "Whether 
this procedure nd/l ever}’ iJnif cfinicaf application in coronary artery 
occiusion in human patients has not been determined. 

It should be borne in min<l when handling episodes of cardiac failure 
during operations upon the heart that epinephrine has the effect of 
increasing coronary' blood flow, its action upon the coronaiy vessels 
being similar to tliat /irofJucod by stimulation of sympatiiefie nervi*. 
This IS, of course, an ex.actly opposite effect to that produced in blood 
vessels supplying the akin, which arc constrictotl by epinephrine and 
sympathetic nerve stimulation. Tin's drug, therefore, may be of some use 
in critical emergencies occurring with canliac failure during operations 
upon the heart. 

INTRA-ARTERMb THANSFUSIOK 

Having discussal the physioli^cal principles involved in the surgical 
approach to the heart and the reactions which may occur during the 
course of manipulations of the organ itself, it is appropriate to consider 
methods of combating tfic critical situation which arises because of a 

, — • I fvccur 

the 

ting 

wounds of the heart the hcmorrliage has already occurreU, auu w often 
continuing, when the boirt is operated upon. In opening a thin-wallw, 
dilated left auricle for the purpose of introducing an instrument to divide 


JovcI. A rapid hemorrhage requires an equally rajuu 

The larger tlic hemorrhage, the shorter is the time that the patient can 

survive the blood loss . 

Recently, Bobertson and co-wotkers,*’ and Porter imd ms a^ciaie 
have demonstrated tliat where the Wood X'oUimc is 
intra-arterial transfusion administered with great speed is tar ® 
i'. - to normal than an equal '’*^^*****® 

' or even at the same mte 

ained by injecting blood 
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rapidlj’ into an artei^’ is qiiito obvious. By this means, the blood pressure 
is rapidly restored to normal. This immediately restores the coronary 
blood flow to normal, since the coronary blood flow is dependent upon 
the aortic blood pressure. Thus, the vicious cycle of depleted blood 
\-olume, lowered aortic blood pressure, decreased coronary blood floiv 
and hjT) 0 xia of the myocardium is at once reversed. On the other hand, 
when large amounts of blood arc transfused rapidly into a vein of a 
patient \\ith a severelj' depleted blood volume and lowcrcil blood pres- 
sure, a sudden burden is placed upon the right heart and then upon the 



left heart before any improvement occurs in the coronary blood flow. 
Under these circumstances, it is not surprising that patients in profound 
shock fail to rally with large intravenous blood transfusions. 

It would be a mistake to assume in this discussion, of course, that the 
slow intravenous administration of blood, during the course of a pro- 
longed operation with a steady, slow, continual loss of blood, is not still 
the safest, best, simplest, and most appropriate method to use to main- 
tain a normal circulating blood volume. In any tj^pe of cardiac surgery, 
however, where the danger exists of sudden profuse hemorrhage from a 
cardiac chamber, it is advisable to have at hand and immediately 
available, an apparatus for the rapid intra-arterial transfusion of oxygen- 
ated blood (Fig. 607). 
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BLOOD VOLUME 

In ali major operations an appreciable blood loss occurs. It is now 
common surgical practice to replace this blood loss as it occurs during 
the course of the operation. Thus the patient’s cardiovascular sj-stem 
is never handicapped by even a tcmporaiy depletion of the circulating 
blood volume. In operations upon the lungs, Miller and his eo-workers“ 
have recently shouTi t)>nt tJje Wood loss in an c.xploratorj' thoracotomy 
js jn tile neighborhood of 1000 cc.; in a lobectomy approximately 1500 
cc. and in a pneumonectomy, roughly 2000 cc. In elective operations 
upon the heart the loss of Wood, which occurs in. the absence of un- 
expected hemorrhage, is probably considerably belmv these figures. 
Jsexcrtheless, it is advisaUe to replace by transfusion wliatever blood is 
lost, 

The amount of blood to be transfused can only be determined with 
accuracy during an operation by the method suggested by Wangensteen” 
of weighing gauze sponges before and after their use. The increased 
weight of the sponges saturated with blood affords a glood clinical 
Index of the blood loss. Mdlcrand his associates'* have recently streer/d 
the difficulty of estimating the blood loss bv ’ • 1 

bloodprcssureandhavcpoi«'*~’' * ' • 

by thcdvfT"'-*' 

of the bf . • 

of the op * ‘ ' 

tions It \ • • o' rwiaiioQ had been in* 

adequate! ; as determined by the d^^e method. 

In those ...vj p.'iticnts the sponges used in the operation were not 
weighed In twcnty-sc^’cn similar operations, the sponges used were 
weighed and m only tlircc of these patients was the blood loss inade* 
qiiatcly replaced, and then only hi' small amount.^. Thus in elective major 
operations upon tlie heart it is advisable to weigh the gauze sponges 
before anti after use. Tina will give a continuous record of the blood loss 
and permit simultaneous accurate replacement by blood transfusion. 

CARDIAC TAMPONADE 

Cardiac tamponade occurs when there is an accumulation of fluid or 
air in the intact pericardial sac. It results in an elevation of venous 
pressure, a decrease in the pulse prc^rc and a decrease in cardiac out- 
put. The condition is adequately described in standard textbooks, and 
docs not roquiro elaboration here. It is merely mentioned here to caution 
the opemting surgeon not to attempt to suture the pericardial sac after 
an operative procedure upon tlio heart. If the pericardium is t^h >’ 
sutured, ecrosanguineous fluid may accumulate within the pencardmm 
producing cardiac tamponade. It is advisable, therefore, not to close a 
incised wound in the pcric.ardmm. It js even desirable, under cer ai 
circumstances, to have the openit^ in the pericardium 
freely with one of the pleural cavities. If tins is done the fluid can pa 
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freely into the pleural space where it can be readily aspirated. Cardiac 
tamponade cannot occur under these circumstances. 

An opening in the pericardium, just lai^c enough to permit herniation 
of the heart through it, may be dangerous. Bettman^ has reported a case 
in which such an opening was left following the removal of a portion of 
the pericardium during the course of a pneumonectomy for carcinoma 
of the lung. After the operation the patient went into profound shock. 
He was reoperated upon, and the heart was found to have herniated 
through the opening in the pericardium Halting in marked dislocation 
from its normal position. The defect was enlarged, allowing the heart to 
return to its normal position, and the patient recovered. Small and very 
large defects are without danger, but defects of a size through which the 
heart may herniate (in Bettman’s case 2-i inches in diameter) should be 
avoided. 

THE FUTURE DEVELOPMENT OF INTRACARDIAC SURGERY 

Operations within tlie human heart at present must be performed 
without direct vision of the structure being operated upon. There has 
recently been a revival of interest in operations designed to relieve the 
stenosis of diseased cardiac valves.**- *• * The operations are performed by 
thrusting a knife or some other cutting instrument into one of the cham- 
bers of the heart and dividing the stenosed valve. Murray** has at- 
tempted to reduce the size of cardiac septal defects in children by passing 
heavy suture material blindly across the defects. A\Ticn the sutures are 
draum tight, the size of the defect in the septum is diminished. 

There are obvious disadvantages and dangers to such blind procedures 
It is hard to picture a promising future for cardiac surgery unless the 
flow of blood through the heart can be temporarily diverted. If this 
could be safely done, an incision could be made through the wall of the 
heart and a valve or septum operated upon under direct vision. Grafting 
of tissue may be necessaiy to repair defects in the septae between the 
ventricles and the auricles. It is conceivable that diseased and calcified 
cardiac valves could be replaced with grafts of suitable tissue which 
would function satisfactorily provided that time were available and 
adequate exposure of the part to be operated upon could be obtained. 
Experimentally it has been shown by Templeton and Gibbon** that a 
graft of pericardium may be successfully employed to replace an excised 
leaflet of the tricuspid valve in dogs. These operations were performed 
rapidly under direct vision through an incision in the right auricle, after 
clamping both venae cavae. The venae cavae can be safely clamped for 
only a few minutes in a dog w'ithout producing death from ventricular 
fibrillation or cerebral damage. 

Experimentally it has been shown that life can be temporarily main- 
tained in animals without any blood flowing through the heart and lungs, 
by means of a perfusion apparatus, followed by prolonged survival. 
In 1939 Gibbon* reported the successful artificial maintenance of life 
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by such ao apparatus in cats for as long as twenty minutes, followed by 
sun’ival In 1948 Bjork* reported the prolonged survival of a dog follow- 
ing occlusion of both venae cavac for thirty minutes. During occlusion 
of tlie cavae, the dog’s brain perfused with oxj'genated blood. la 
19 19 Stokes and Gibbon^* reported the 8ur\-ival of eight dogs following 
occlusion of both venae cavac for from thirty to forty*sia minutes! 
During occlusion of the cavac tlic entire body o! the animal was perfused 
with oxygenated blood. 

The apparatus rcfiuircd to achieve these results is relatively simple 
It consists of three chief elements. TIjc first js a pump to withdraw blood 
continuously from the supenor and inferior venae ca\‘ac. The second is 
an apparatus to provide lor the cVimmation o! carbon dioxide and the 
uptake of ox 3 *gcn by the blood. The third element is another pump to 
return continuoudy the oxygenated blood, from u hich the carbon dioxide 
has been removed, to the systemic arterial circulation of the animal. 
This extracorporeal circulation of blood provides an artificial substitute 
for the essential functions of the right heart, the lungs and the left heart. 
This simplified description omits tfic large number of technical difficul- 
ties which remain to bo overcome before such an apparatus can be safely 
used to take over temporarily the functions of the i 

human patients. Xoneof thc«c ’ 

bo insurmountable If it is ever 

patients it is obvious tlmt great .unu place in intra* 

cardiac surgery 

SUMMAKir 

1 . The heart may only be safely approached when suitable anesthetic 
methods arc available. Tho most important of these is the maintenance 
of an adequate airway. Adequate oxygenation of the arterial blood is 
essential but not difficult to achieve. Of equal importance is the elimina- 
tioa of carbon dioxide and tho avoidance of acidosis. This can only be 
accomplished through adequate ventilation of the lungs. 

2. The hklihood of disturbances of cardiac rhythm can be diminish^ 

by care in the manipulation of tho heart and the employment of certain 
drugs. ^ 

3. An adequate blood volume should be maintained at all tunes 
Intra-arterial transfusions arc of great value in restoring a normal 
circulation following faemorriwge. 

4. Cardiac tamponade should be avoided. 

5. Intracardiac surgery will be greatly advanced by the deyriopmen 
of a mechanical method of tempororib' taking over the functions of tae 
heart and lungs. 
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CARDUC RESUSCITATION 


Julian Johnson, M.D., D.Sc. (Med), F.A.C.S.* Charles K. 

Kirby, M.D.f 

A sufficient number of patients have been returned to normal health 
following cardiac resuscitation to make it evident that effort expended 
in that direction is worthwhile. It is equally evident to those interested 
in this field that if the occasional patient whose heart is in asystole is 
to be resuscitated, the operating team involved must act quickly, accord- 
ing to a preconceived plan. It is unlikely that any patient will be saved 
by a surgeon who has not previously thought out his plan of attack. 

^\TiGn a patient develops sudden cardiac arrest, the greatest problem 
is that of speed in making the diagnosis and instituting treatment. 
The brain must not be deprived of oxygenated blood for more than three 
to four minutes. Therefore, within this short period of time, the surgeon 
must produce an adequate blood flow by cardiac massage and the anes- 
thetist must insure oxygenation of the blood by adequate ventilation 
of the lungs. 

Since cardiac arrest is an emergency in which one cannot wait for 
consultation it would seem to be worthwhile for every surgeon and 
anesthetist to understand the various aspects of this problem so that a 
life may be saved if the opportunity should present itself. 

ETIOLOGY 

The cause of cardiac asystole has a great deal to do with the prognosis. 
Thus when one is thinking of cardiac resuscitation, death from the usual 
medical causes is not included. Success can seldom be expected unless the 
emergency arises in the operating room. Even then success is unlikely 
when dealing uith a patient with severe myocardial injury. 

A favorable situation for cardiac resuscitation is that of a patient 
With a normal heart who has received an overdose of an anesthetic. 
Here the problem is simply that of producing artificial circulation and 
respimtion until enough of the anesthetic agent is removed, or destroyed, 
to allow the heart to start beating again. This includes not only patients 
under general anesthesia but also patients who are sensitive to or per- 
haps hav e received an intravenous injection of a local anesthetic. 

From the Surgical Clinic of the Hospital of the University of Penns 3 ’lvania, 
and the Harrison Department of Surreal Hesearch, Schools of Medicine, Uni- 
versity of Pennsj’lvania, Philadelphia. 
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t Associate in Surgery, School of Medicine, University of Pennsylvania: 
Assistant Surgeon, Hospital of the University of Pennsylvania. 
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'ft’hcn cardiac arrest or ventricular fibrillation is itieiclont to anoxia, 
the brain may wcIJ iiavD been damaged considerably before cardiac 
action ceased. The period of arrested circulation which ran be tolerated 
is decreased accordingly (Case IV). 

It is sometimes dilncuU to account for sudden cardiac arrest nhea 
the heart Jus no dcmonstnibJc lesion and anoxia or an overdose of aa 
ancstiictic does not appear to be a contributory factorv It has been 
thought tliat reflex plicnomcna (vago-vagal reflexes) arc responsible. 
In such a situation the heart n-iJJ usually start beating again rather 
easily, and if the time interval is not over three minutes the prognosis 
IS good (Case I). 


WAonosis 

Dclaj' in diagnosis is the chief cause of failure in cardiac resuscitation. 
TIio anesthetist must maintaio constant obsenution of the patient if 
he is to notice asystole tlie moment it occurs. Having noticed the absence 
of a pulse or blo^ pressure the question ulwaj's arises as to whether the 
heart IS 'whether the heart is in 

stnndst stances a fatal delay is 

caused • • • „ before preceding with 

the proper treatment. 

If the surgeon happens to bo operating in tlie vicinity of the heart 
or a large artcri’ ho may immediately confirm the diagnosis by putting 
' his hand directly on the heart or large artery. If the surgeon is operating 
^ in the abdomen his first reaction should be to feel tlie heart through the 
diapliragm 

Auscultation of (he chest is not apt to be helpful when the pulse and 
blood pressure arc not obtainable. If the heart is beating so fecbb’ as 
not to give a pulse or sustain tlie blood pressure it is unlikely that it can 
be heard with a stethoscope. Time spent by the suigeon lookiog for a 
stethoscope if one is not immediately available is time ill spent. 

It has been reported that one may diagnose catxliac arrest immedi- 
ately with an ophthalmoscope.' It is said tliat the retinal arteries ^ifl not 
be visible and the column of blood xvill be broken up into short segments 
in the veins. IVc arc convinced, on the Insis of personal experience, that 
this method is of no practical X’nliie. and doubt that it is reliable ex'cn in 
the bauds of an experienced opUtlwlmologist. 

It lias been suggested that the absence of c.apillary refill indicates 
cardiac arrest. We can say that the presence of cardiac refill does not 
necessarily indicate cardiac octivuty for we hax’C obsen'cd it as long as 
half an hour after the heart bad been seen to be still. 

Even if one happens to hax'c an electrocardiograph attached ^ 
patient at the time of cardiac antsst H may not be helpful, for NegovsKi 
lias observed that the heart can produce an electrocardiogram, though »n 
abnormal one, for some time after it has stopped beating. 

It becomes obvious from the above that the only reliable method 
determining whether the patient is in cardiac asystole is to sec or 
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the heart or a large artery. We arc convinced therefore that the surgeon 
should take the point of view that opening the thorax to feel the heart 
is a diagnostic procedure. We believe that when the patient’s pulse and 
Idood pressure suddcntly cannot be obtained, the chest should be opened 
immediately without losing valuable time attempting unreliable diagnos- 
tic procedures. 

Once the decision has been made to open the chest the surgeon should 
be prepared to do it with the greatest dispatch. Every surgeon there- 
fore should give some thought as to the quickest and easiest method, 
should the occasion arise. The surgeon needs only a pair of gloves and 
a scalpel. Given these he should have his hand on the heart in ten to 
fifteen seconds. Skin antiseptics and sterile drapes are refinements which 
can be added w’hen available but their absence should not cost the patient 
his life. 

The incision should be made in the left fourth interspace from about 
the edge of the sternum to the posterior axillary line. Since there is no 
bleeding the incision can be carried quickly through the chest W’all and 
pleura. The surgeon can then readily put one band between the fourth 
and fifth ribs to feel the heart. The diagnosis will be immediately ap- 
parent. If arrested the heart will be still and if in ventricular fibrillation 
it will feel like a “bag of worms.” 

TREATMENT 

In the presence of cardiac asystole the problem is one of producing 
adequate blood flow by cardiac massage and adequate oxygenation of 
the blood by artificial ventilation of the lungs. 

Respiration. — Adequate respiration can be maintained w’ith an anes- 
thesia machine, by manual compression of the breathing bag. A tight- 
fitting face mask is satisfactory. It is not wise to take time to insert an 
endotracheal tube until the patient is again well oxj'genated. One 
hundred per cent oxygen should be used. 

If the emergency should arise out of the operating room, the bag and 
mask technic, or the Kreiselman bellows resuscitator can be used. 
Until they are available the patient’s lungs should be ventilated by the 
mouth to mouth technique. 

Circxilation. — As soon as the surgeon puts his hand on the heart and 
finds it is not beating he should start compressing it rhythmically. If 
a rib spreader is not immediately available he should divide the fourth 
and fifth cartilages wdth a knife or scissors in his left hand as he compres- 
ses the heart with his right hand in order to give better exposure and 
prevent the ribs from preying against his hands. Even after this the rib 
spreader is of great help. Pollowing cardiac massage a few open vessels 
will begin to bleed and must be caught as soon as hemostats are avail- 
able. 

There are a number of factors w’hich greatly influence the effectiveness 
of the blood flow produced by cardiac massage. 

1. Rale of Cardiac Massage . — A review of the literature reveals a dif- 
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fcrcnce of opinion ns to the rate at which the heart should be com- 
pressed. Sfost writers recommend twenty to forty times a minute, in 
order to allow the ventricles to fill adequately, while a few have sug- 
gested a normal rate. 

Because of this dilTerencc of opinion iro recently studied the problem 
in dogs. The results arc reported elsewhere.* Using the bubble meter of 
Dumke and Schmidt* in the thoracic aorta, it was found that a greater 
blood flow wa.s produco<l when the licart was compressed at a rapid rate. 
Hates of 30, GO and 120 per minute were compared. In all instances 
the bloofl flow inereased as the rate of compression was increased regard- 
less of whether the heart felt full or empty. 

As the result of those c.>:pcrimen(.s we became convinced that in 
clinical use one should compress the heart ns rapidly as possible, up to 
120 times per rtunutc. The fatigue of the operator makes a rate of 120 
times per mmu tc impO'^sIbJc for more than a foir njwutca whereas be can 
contmuc for a long time at sixty to eighty times per minute. If there are 
two or more operators who can take turns, a foster rate may be con- 
stantly maintained. 

2 Tcchntc of Cardiac iffassa/fc. — In the labomtorj’ it was found that 
some practice wa.s required to produce an effective blood flow by cardiac 
massage The dog’s heart can be compressed most effectively by placing 
tlie thumb in front and the fingers behind, or the thumb and index 
finger m front and the other three fmgere behind the heart. It nas found 
that the blood flow produced by comprcs.smg the heart against the 
.terioT chest wall was only about one-half as great as by the abm’e 
mctiiod. Only ono-fifth ns mueh blood flow could be pr^uced by com- 
pressing the heart through the diaphragm with one haml in the abdomen. 

The amount of blood flow produced bj' artificial respiration alone was 
too email to be measumble by this technic. Any hope that artificial 
rc.spiratiQn is an effective method of^producing blood flow should be 
abandoned 

A small human heart ma^’ be compressor] with one hand, as in the dog. 
The usual adult heart can be more effectively compressed, with less 
effort, by placing one hand m front and one bcliind the heart. 

3. Blood Volume . — It was found in the laboratory that the filling of 
the heart is very important in producing an effective blood fienv e%en 
though it was not profitable to wait for it to fill between cardiac com- 
pressions. The cardiac output varied directly with the rate. Nevertheless 
the cardiac output couW be greatly increased by rapid transfusion o 
blood, plasma or plasma substitutes. Wien intravenous fluids were 
rapidly the heart could be felt to fill more completely and the cardiac 
output was found to be increased greatly even though the compression 
rato rcmai»Ki 
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brain since it is most severely afTcctcd by anoxia, whereas in normal 
adults the descending thoracic aorta can be clamped for 30 minutes 
with no ill effects. We were able to show that the carotid blood flow was 
greatly increased by occluding the aorta. 

Drugs. — ^^Vc have felt that no drugs arc helpful in getting the heart 
to start beating again. Once the heart has started epinephrine may be 
useful in increasing the tone of the cardiac muscle and the effectiveness 
of its contraction. We have seldom used it. It does increase the proba- 
bility of ventricular fibrillation. 

Procaine may be useful to decrease the likelihood of the development 
of ventricular fibrillation, and in restoring normal rh>*thm in the event 
of ventricular fibrillation. We use it routinely. 

Ventricular Fibrillation. — If, when the thorax is opened, the heart 
is found in ventricular fibrillation, or if it should develop during the 
cardiac massage, the problem takes on another aspect. 

The usual causes of ventricular fibrillation are anoxia, mechanical 
trauma, electric shock, and drugs which increase the irritability of the 
heart. Clinically, anoxia results commonly from coronary occlusion, or 
respiratorj' obstruction during anesthesia. The heart may be stimulated 
by manipulation during many intrathoracic operations but ventricular 
fibrillation has occurred most commonly during operaljons upon the 
heart and pericardium. Local and intravenous procaine have been shoum 
both experimentally and clinically to protect the heart against irregulari- 
ties resulting from mechanical stimulation.* 

In rare instances ventricular fibrillation has reverted to normal 
rhythm spontaneously. In some the use of drugs may cause reversion, 
as happened recently in one of our patients (Case IV). Nearly always, 
however, countershock therapy, developed by Wiggers* and by Beck 
and Mautz^ must be employed. This method of treatment is based on 
the observ’ation that passage of a strong current through the heart 
will cause a simultaneous contraction of all the incoordinated, fibrillating 
fibers, and relaxation follows. The heart is then in standstill. In animals, 
the spontaneous heartbeat resumes after a short period of cardiac 
massage. In the patients’ hearts defibrillated by us, the spontaneous 
heartbeat has begun after a short interval of standstill. 

Before defibrillation is attempted, anoxia must be overcome by cardiac 
massage and artificial ventilation of the lungs with 100 per cent o.xj'gen. 
Three cubic centimeters of 2 per cent procaine are injected into the right 
ventricle and an equal amount into the pericardial cavity unless procaine 
has previously been given intravenously. The electrodes are then placed 
on each side of the ventncles and an alternating current (60 cycles) 
of 1 to 1.5 amperes is passed through the heart for less than a second. 
Repetition of the shock may be necessarj'. The strength of the current 
IS of importance, for it has been shown that, in animals, 0.4 amperes for 
5 seconds ivill cause fibrillation, whereas 0.8 amperes or more will stop 
it. A current of 0.8 amperes will not cause fibrillation and 0.45 amperes 
will not stop it.® 



}752 


JULIAN JOHNSON, CUASiES K. KSHBY 


hours after opcratior^ her blood pressure began to fall, she lapwcd into coma 
and her heart stopped beating mthm on hour. ’ 

At autopsy this patient wTia found to have extensive myocardial 
fibrosis Had it not been for preexisting myocardial dia'asc she might 
possibly have recovered. There probably would have been permanent 
cerebral changes of at least moderate degree. The period of cardiac 
arrest was probably between four and five minutes. 

Case VI E D , a woman aged 29, had returned to her room folio^vbg a total 
iiyslerectomy four Jioura pre\ lously She Imd not rccownx! sufhciently from 
anesthesia to rccogniic her husband but \sftsto*s5RR about the bedand, because 
of this, nas given 'fj gram of dtlaudal A short tune later, after being out of the 
room, her husband returneil and found licr blue and gasping for breath A feu- 
minutes later artificial s cntihation ssith n Ivretselman bcllotvs nxis started and 
from ten to fifteen minutes Kter a surgeon was called. Since her color had 
improved ivilh artificial ventilation of the lungs, an attempt at resuscitation naa 
mule The left chest w.ax opened through the fourth interspace and the fourth 
and fifth co-slai cartilages acre divided Tlic heart ons still, After cardiac mas- 
sage for one and oncdmlf to two mmulcs vcntricufar fibrillalioa was noted 
While waiting for the defibrillator, procaine 100 mg was given intravenously 
and mrnnl spontaneous rhythm re«umcil, with contractions becoming merws- 
ingly strong After operation spantaneous respirations did not resume wd 
rcflexe«» could never be ohuincil Tlie patient died lliirty hours later in & les' 
pirator 

It seems likely thnt the tlenth of this patient was due to respiratory 
obstruction and the c.ardiac orrest to anoxia 

Comment. — Tlic.'ic case reports illustrate iimny of the points djs> 
cussed above The only patients who recovered fully were tho«e la w'hoin 
cardiac arrest occurred on the operating tabic or in the anesthetizing 
room. Prompt ilingntHis anti treatment averted injury to the anoxia- 
sensitive brain ceils In all of these patients the heart ro'sponded quickly 
to manual stimulation and resumed its normal rhythm 

Case V' is of unusual interest bccarise an attempt at cardiac resuscita- 
tion in a patient xvho apparently died spontaneously has not been pre- 
viously rccordofl, to our knowiedgo The occurrence of ventricular 
fibnlJntion in Coses Y and ^'I, which followed standstdJ and c-xroiac 
massage, was probablj’ largely due to increased irritability of the cardiac 
rauseje resulting from anoxia. It is probably beenuso of the close ’nter- 
relationship of anoxm and x’cntricular fibrillation tliat dcfibrillation in 
humans h.as been discouragingly unsuccessful As far as we know, Beck 
lias had the only fully successful case of dcfibnllatlon 

SVMMARY 

1. The methods and technics which had proved successful in 
tating patients with cardiac arrest end ventricular fibrillation 
been discussed. 
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2. Success in cardiac resuscitation depends upon the restoration of 
the flow of oxygenated blood to the brain within tlirce to four minutes. 
All other considerations are of secondary importance. 

3. Since the time limit of three to four minutes cannot be exceeded 
when this emei^enc}’ arises, all surgeons and anesthetists should become 
familiar with the technic of cardiac resuscitation. 
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CARDIAC PROBLEMS IN THE SURGICAL PATIENT 
Francis C. Wood M.D., F.A.C.P.* 

THE PREOPERATIVE EVALUATION OF THE CARDIAC PATIENT AS A 
SURGICAL RISK 

The problem o{ evaluating the cardiflct risk of operating on a pa- 
tient nath proved or suspected heart disease sometimes seems complex 
and difficult. Sometimes it is perplexing and will demand all your 
knowledge and wisdom. Yet there are certain relatively simple principles 
upon which one can depend, and certain common pitfalls which one 
should keep in mind and avoid. 

The Fundamental Principle. — The fundamental principle is quite 
simple. A surgical operation is somewhat analogous to an athletic con- 
test. Whether or not a patient will go through it safely from the cardiac 
standpoint depends to a considerable extent on whether or not he gets 
dyspnea or anginal pain when he exercises; and on bow much exercise 
he can take without producing these sjTnptoms. Consequently, the most 
important thing to be determined, in order to evaluate the operative 
risk from the cardiac point of view, is the patient’s exercise tolerance. 

Determining the Patient’s Exercise Tolerance. — Determination of 
the exercise tolerance does not require the aid of any special instruments . 
It is not determined by studying the response of the patient's blood 
pressure or pulse to exercise. It t« determined primarily by questioning 
the patient carefully. The following questions will open the inter\’iew : 
“Can you go about your daily tasks, walk as far as you want to, keeping 
up with people of your own age, and climb two or three flights of stairs?’' 
If the patient is a housewife one can often get a picture of the situation 
by asking, “Do you do all your house^vork including your laundiy’?” 
(When a woman’s exercise tolerance is reduced, the first thing she stops 
doing is the laundry.) If the true answer to either of these questions is 
“yes,” then the patient is essentially a normal risk for surgerj’. If the 
answer is “no,” then you should ask, “What stops you from doing these 
things?” There are two symptoms which stop patients which are im- 
portant : dyspnea and anginal pain. I wish to discuss these in some de- 
tail. 

Dyspnea. — If the patient has myocardial insufficiency he will have 
dyspnea on effort. Yet since W’e all have dj’spnea on effort, this symptom 
must be evaluated on the basis of the amount of effort necessarj’ to pro- 

• Professor and Chairman of the Department of Medicine, School of Medicine , 
University of Pennsylvania; Chief of Medical Clinic, Hospital of the University 
of Pennsylvania. 

1 This discussion will deal strictly with the heart; it will not cover the extra- 
cardiac circulatory problems which are of prime importance from the standpoint 
of management of blood pressure daring anesthesia 
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duce It, and upon the noncardfac factors which can contribute to it 
such os ogc, weight, anemia, asthma, p^xJioIogic factors and the tike. 
The point to be determined is—is the patient more sliort of breath than 
he ought to'be when these factors arc taken into consideration? If so, 
the probability exists that hois dj-spneic because of heart disease. Some 
patients are '‘stopped” by a relatively mild degree of dyspnea, especially 
jf they are ncrx’ous about their hearts. Thus, jt is helpful to have some 
conception of nhat constitutes a real “end point.” llTien a person is 
really "stopped” by myocardial insufficiency he is not only dyspneic, 
but “all in,” "tired all over” and “can’t go any further.” It sometimei 
clarifies the situation if you ask a patient, “if there were a bear after 
you, could you climb another flight of stairs?” If he is really “stopped” 
by myocardial insufficiency he will tell you, “the bear would get me”. If, 
after questioning the patient carefully, 3'ou still don't feel sure you 
have a clear picture of his exercise tolerance, taken walk with him along 
the hospital corridor If he does well on that test, take him up a flight or 
two of stairs with j’ou. This will often chrifj' any doubt which may exist 
in your mind after talking to him. Tlie points to be noted are his general 
appearance and the development of manifest distress, rather than the 
actual rate of pulse or respiration Sometimes a patient, with edema from 
a peripheral rather than a cardiac cause, has been thought to have a 
cardiac contraindication to operation, wpccblly if he also has a murmur 
or an elevation of blood pressure. If the p.aticnt can walk with 3*00 as 
described above, the chances are small tliat his edema is due to cardiac 
failure. 

Arifftnal Pam.— If the patient has coronar3’ insufficiency he will have 
pam or "distress” on effort. Many errors are made in recognizing and 
evaluating this simptom, bccau<e the p.aticnt is not questioned carefully 
enough, or the c.vamincr does not know what angina feels like. Conse- 
quently, although tfierc is some risk of being too eleroentaiy, these 
questions and Uicir answers will be outlined. 

The yirst question is “cxacily tchcrc ts your pam or distress? " Angina of 
effort is, w ith few exceptions, under the sternum ; or in the midhne just 
above or below the sternum, or located in a bilaterally’ symmetriral 
distribution to either side of it. A midiinc discomfort in the che^t on 
effort is angina till proved otherwise; a unilateral discomfort, at the 
cardiac apc-x, or 10 the left upper clicst is not angina until proved other- 

The afcoivi question is "whai does il fed like?” A patient with typical 
angina, who has not os j’ct developed a glib answ er as a result of much 
practice, will respond to tfiis question with a puzzled pause, because the 
sensation is difficult to describe. Then he w'ill often „ 

isn’t exactly a pain, it is a tight feeling,” or a “pressing,” a “burning, 
a "dull feeling” or a “choking” sensation, “like gas.” Ho may say, 1 
cocs up to my throat and chokes me,” A patient who tells ® 

“vSseliko pain” has usually learned this description from bis docto , 
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or from reading medical books. It is not a terminology which patients 
tend to invent spontaneously. It should be stressed that anginal pain 
is almost never sharp or lancinating. Patients will often tell you the pain 
is “sharp” but if you question them carefully you will find that the adjec- 
tive “sharp” has been used as a synon3rm for “severe,” by a person of 
limited vocabulary. 

The third question is, “irAai mahes the pain come on?” The answer is 
“when I walk, especially when I hurry.” E.vcrcisc is the prime cause. 
Contributory factors arc “after eating,” “out doors in the cold,” “a 
wind,” “a hill” or “a stair,” or emotional disturbance. But axercise is 
the cause ; and the pain comes on during exercise. 

The fourth question is “How long does it last?” The answer is, “it stops 
quite promptly when I stop walking.” It doesn’t last longer than a Tew 
minutes. The patient will slow his pace, stop and look in a store window; 
he may lean against an upright support, or sit dowm in a chair if one is 
available. He will usually not lie down during an attack of angina. 

To sum up this clementarj- thumbnail sketch, a patient who is stopped 
by angina of effort will describe a dull, tight, constricting, choking or 
burning sensation in the chest, usually in the midline, coming on during 
effort, and relieved promptly by rest. 

The following typo of pain is common; It has often deprived a patient 
of the opportunity of being subjected to a necessary operation. It will 
be described in the terms of question and answer: 

Q. “Do you have pain in the chest when you work”? 

A. “Yes.” 

Q “What does it feel like?” 

A. “It’s a nagging pain, a sort of soreness.” 

Q. “What makes it come on?” 

A. “When I get tired.” 

Q. “During work?” 

A. “No, usually after a hard day’s work, after I sit do^m.” 

Q, "Where is it?” 

A. (Patient indicates the region of the second left interspace.) 

Q. “How long does it last?” 

A. “Hours, till I get rested.” 

I do not know the mechanism of production of this pain. It is seen 
most often in women over 40 years of age. It is not angina of effort, and 
it does not seem to be of great importance in evaluating a surgical risk 
from the cardiac point of view. 

Other Factors.— If the patient has definite angina of effort, it is im- 
portant to determine two other facts: 

1 . Did he have a cardiac infarction in the past, and if so, how long ago? 
To do this it may be necessary to inquire not only concerning a former 
“heart attack” but also concerning the diagnoses under which a coronary 
occlusion so often hides its identity; i.e., indigestion, pneumonia, gall- 
bladder attacks, pleurisy and so forth, or any fairly severe illness accom- 
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panicd by pain in the epigastrium, chest, neck or arms. If he has had such 
an attack, you must be sure tliat healing is complete, before subjecting 
him to an elective operation, 

2 I las the an^na of clTort stayed about the same in the past s'x months, 
aith regard to severity, duration, and amount of effort necessarj’ to 
produce it’ Hecent change in these characteristics indicates the possibility 
that changes may he taking place in the coronarj- circulat on, and that a 
new infarction may be in the offing. Under such circumstances eonsen’a- 
tism in m onler 

The Decision. — N'oa , aft cr you ha\'e determined the patient’s exercise 
tolerance, and have tried to be stirc, m patients with angina of effort, 
liiat the process in the coronarj' artenes is more or less static, and that 
nothing now is browing, it w possible to assign the patient with heart 
di(-easc to one of the four following groups: 

I . Xormat excraac tolerance. lie can exercise normaiiy, walk as fast 
and ns far tui he wants to, and chmb three flights of stairs. 

2 Hhghlhj rtductd excrase tolerance He can get around, but has to 
slow down more than the average individual of his age, height and weight, 
and after tw o flights of stairs he has to stop. 

3. Markedly reduced exercise tolcrtmee. He can just about get up one 
flight of stairs 

4 .Ytf excrMC tolerance. These patients usimlly have some of the signs 
of congohtn c heart failure (cyanosis, incrtjasctl venous pressure seen la 
the cer\ teal veins, inilmonaiy congestion, hcp-stic engorgement, edenw). 

If the patient is in Group 1 or 2 and can e.^ercisc normally, or with 
only slight restriction he is, in gcneml, a normal operative risk from the 
cardiac point of view As an example, a patient, aged 58 needed a 
cholecystectomy, but un electrocardiogram taken during the preoperatne 
evaluation showed a right bundle brunch block, and I was asked to decide 
if it was safe to operate. My examination disclo-sed the fact that she was 
m tlie habit of walking four miles a day “for the exorcise,” and that she 
had never had coronarj' or other cnnlmc sj^ptoms. Of course, she was 
put through a careful, complete examination, to impress her with the fact 
tliat I was not m.iking a snap judgment. However, the crux of the situa- 
tion was that she could walk four miles. She wtirl through operation 
'\Yithout untoward incident 

If a patient is in ('Jjis,s 4, operation j.s contrsiindieatrfl, except under 
unusual conditions. . 

Wien a patient is in Claw 3 and can Just about get up one fligat o 
stairs, the decision as often difficult. It depends, primarily upon weigni^ 
carefully the degree of reduction of exercis-e tolerance against the ne 
for the operation (i e , the licncfit to bo derived from it). In such cares 
you should ask the surgeon, “Wliat are the mdicalions tor , 

"How nccc'^^ary is an operation for hus 8ur\ ivah rmd future hea 
happiness?” This aspect, in many instances, i.s not given enough w o 
hy the medical consultant. It seems to me i^e.^cusable to ma 'o 
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gentleman lead a catheter life, unless he wants to do so, if there is a 
fairly good chance of his sun,’iving a pn^tatic operation. If he can get 
up one flight of stairs, and if, after bladder drainage, he has adequate renal 
function, his chances of sur\-iving operation are remarkably good, if the 
anesthesia is managed skillfully, and if, after operation, the surgeon will 
avoid excess intravenous fluid administration. 

Most medical consultants seem to me to be too afraid of surgerj* in 
patients with heart disease. If the anesthetist is capable, the heart docs 
not have as much strain placed upon it during operation as seems to bo 
generally feared. 

Pitfalls to Be Avoided. — There arc certain factors which should bo kept 
in mind when making decisions regarding operation which do not fall 
under any of the categories mentioned above. 

The Patient ivith Acute, Upper Abdominal, Pain. — ^The most dangerous 
mistake one can make occurs in the patient who, the day before j’ester- 
day, had a normal exercise tolerance. Today he developed an acute upper 
abdominal pain, and is to be operated for an acute surgical abdomen if 
the medical consultant approves. In this situation, the rules delineated 
above do not cover the danger, which is, of course, that the “surgical 
emergency” may actually be an acute coronaiy thrombosis. 

Several years ago a healthy looking milkman of -41 years came to the 
hospital uith belching, vomiting, diarrhea, slight jaundice and acute 
epigastric pain of recent origin. His temperature was 101* F. The leuko- 
cyte count showed 19,000 while blood cells, and the internist in charge 
suspected a surgical lesion and requested a surgical consultation. Dr. 
Julian Johnson saw the patient and decided that the abdominal tender- 
ness was Insufficient to account for the fever and leukocytosis, and re- 
quested an electrocardiogram which showed clear evidence of recent 
cardiac infarction I 

Coronary occlusion often disguises itself very effectively, as it did in 
this instance, by means of certain une-xpccted phenomena. It cannot be 
emphasized too strongly that every “surgical” patient with acute upper 
abdominal pain must be consider^ to have h.ad acute coronary' occlu- 
sion till proved othenvise, especially if the abdominal tenderness is not 
sufficient to fit a surgical diagnosis. 

The Patient vnlh Tachycardia. — ^If Ibe exercise tolerance is good, there 
is no major danger to be expected from the heart. The danger is that the 
patient may have unrecognized hyperthyroidism and may be precipi- 
tated into a thyroid crisis by the operation. 

The Rheumatic Cardiac Patient with Abdominal Pain. — Abdominal 
pain is not infrequently a sj'mptom of active rheumatism in such pa- 
tients. If the indications for operation are not clear, it may be well to 
watch the situation for a while. However, the distant possibility of 
active rheumatic fever should not cause you to allow on acute appendix 
to perforate. 

The Patient with Gallbladder Diseasci?) Coronary Pain (?) or 
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Spit.— Problems m this area are some of the most difficult j*ou -n-ffi be 
called upon to solve. Cormnon duct distention can produce pain under 
the sternum and in the arms, which may resemble coronary pain in 
location and character. HoAvev'er, the experienced clinician can usually 
differentiate between the two by a careful history and physical examina- 
tion, especially if he does not conclude that an electrocardiographic 
abnormality prov«^ the coronary etiology of an acute pain, or that the 
presence of gallstones indicates that the pain arises from the biliary 
tract. 

Anesthesia. — The problems of onesth^ia are quite obviously beyond 
the scope of the present discussion. However, it might be well to mention 
two points : 

1. The question of which aneslheltc offenl la choose. Thecompetentspe- 
cialist in anesthesia knows a great deal more than the average internist 
about answering this question. Consequently it is our practice to discuss 
with the anesthesiologist the problems presented by the patient, and 
then to defer to hina in the choice of the anesthetic. If an operation must 
be performed on a patient with a serious cardiac problem in the absence 
of a competent anesthesiologist, it is best to advise the person who will 
give the anesthetic to use that agent with which he has had the most 
axpencnce The skill ivith w'hich an anesthetic agent is used is apt to be 
more important in the outcome than the agent itself. 

2. In operating on any patient in Group 3 (see above) the anesthesi- 
ologist may be more important than the surgeon m bringing the patient 
through safely. Elective operations should not be performed on such 
patients unless a competent anesthesiologist is available. 

Discussion. — Although we have pointed out that the exercise tolerance 
is of prime importance in determining the cardiac risk of operation, 
we do not mean to imply that the rest of the examination should be 
neglected. Whenever an important decision is made concerning the life 
and heal ih of a pati ent, a careful, complete eaammation is a prerequisite. 
If evidence of a cardiac lesion is found, you will question him more care- 
fully about his e.\ercise tolerance, end about the possibility of activity 
of the agent which caused the carfiac lesion. If an electrocardiographic 
abnormality is found, it may help to cal! attention to a coronary lesion 
which was missed, because your history was not taken carefully enough. 
If hypertension or mitral stenosis is found, the anesthesiologist will 
watch the patient’e circulatory condition during operation ivith more 
than usual care. Long experience, and the intangibles of judgment 
are as important in evaluating the cardiac risk of a surgical patient, 
aa they are m all the other fields involving medical decision. Yet the 
importance of concentrating attention on the patient’s reaction to ex- 
ercise is worthy of emphasis. Do not let your judgment be clouded by 
unimportant electTocardiographic anomalies, minor blood pre^re 
elevations, insignificant arrhythmias or auscultatory findings of doubtiu 
significance. 
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POSTOPERATIVE PROBLEMS 

Relatively few serious cardiac problems occur postopcratively in 
patients whose preoperativc evaluation has been accurate. 

Tachycardia. — One of the common reasons for an emergency post- 
operative consultation is the development of a sudden paroxysm of 
tachycardia (or auricular fibrillation) ivith a cardiac rate of 100 to 
200. This condition must be differentiated from shock or hemorrhage. 
This can usually be done from the foot of the bed. The patient 
with paroxysmal tachycardia does not, as a rule, look seriously' ill. 
If you are uncertain, inquire about previous attacks, or take an electro- 
cardiogram. The treatment should not as a rule be heroic. These attacks 
usually subside spontaneously. Put an ice bag on the precordium. Give 
the patient a mild sedative and reassure him. Advise a rectal tube and 
heat to the abdomen or occasionally an enema. Potent medications 
directed at the heart are usually unnecessary, and may be undesirable. 

Acute Attacks of Chest Pain and Dyspnea. — Tliese attacks are apt 
to be pulmonary in origin (embolus, atelectasis, pneumothorax or 
pneumonitis) rather than coronary. Postoperative coronary thrombosis, 
in our experience, is relatively uncommon in the patient without pre- 
operative evidence of active coronary disease. 

The Problem of the Patient who “Goes Bad*' During the Postopera- 
tive Week, with Fever, Tachycardia, Distention and General Debility. — 
Many surgeons seem to bcliovc that there is an important treatable 
cardiac problem in such patients which will respond to digitalis. This 
situation, however, is usually a peripheral circulatory difficulty resulting 
from shock, hemorrhage, infection, pneumonitis, or intestinal obstruc- 
tion. I have not observed digitalis to be helpful, unless there was reason 
to believe that a pre-existing cardiac lesion was present and unless the 
patient showed signs of congestive heart failure. If the surgeon is insis- 
tent, it is usually possible to satisfy him with a small dose of digitalis 
which will do the patient no harm. 

Be sure to advise against excessive administration of intravenous fluids 
after operation in a patient whose cardiac competence is questionable, 

SUMMARY AND CONCLUSIONS 

1 . The decision as to whether a patient is a good operative risk from 
the cardiac standpoint depends mainly on two things, (a) How he 
tolerates the activity of everj’day life. (6) Your being absolutely certain, 
in all patients with upper abdominal pain suspected of having a surgical 
cause, that a fresh cardiac infarct is not causing the pain. 

2. Except in the differential diagnosis of upper abdominal pain where 
the electrocardiogram is often of great importance, the history is the 
mainstay. The physical examination should not be neglected but in most 
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cases it is usually of less importance t!ian the history m making the final 
decision. 

3. The coDbuitation which internists so often receive from their surgical 
colleagues, “Please take an electrocardiogram on this patient and tell 
me if it IS safe to operate” indicates that the man making the request 
has not grasped the fundamentals of the problem of evaluating oper- 
ability from the cardiac point of view 



THE SURGICAL PHYSIOLOGY OF THE GASTROINTESTINAL 
TRACT 

Jonathan E. Rhoads, M.D * 

Most of the recent advances in the surgical management of lesions of 
the stomach and duodenum can be attributed to a better understanding 
of the normal and pathologic functions of the various portions of the 
gastrointestinal tract. Probably the surgeons of fifty and sixty years 
ago knew almost as much about the technic of gastrointestinal operations 
as the surgeons of today, yet operations in this area, fifty years ago, 
carried a relatively high mortality, they were uncertain in their results, 
and cases had to be selected carefully before they were undertaken. In 
other words, not only has the mortality been reduced but many opera- 
tions are undertaken now which would never have been attempted at 
all a few decades ago. 

As space is limited, no attempt will be made to consider the lesions of 
the mouth and pharj-nx. 


ESOPHAGUS 

The first lesion that will concern us is congenital tracheo’csophageal 
Jislula. This lesion occurs in several forms depending on whether the 
upper, the lower or both ends of the atretic esophagus communicate 
udth the trachea. Nearly all children suffering from this lesion develop 
pneumonia and experience has shown that this stems not only from 
swallowing saliva and other material which collects in the upper stump 
of the esophagus and spills over into the trachea, but also from regurgita- 
tion of gastric contents through the esophagus when the lower segment 
communicates with the trachea. In most of the earl}* attempts to cope 
with this lesion surgically, a preliminary gastrostomy was performed. 
The mortality from aspiration pneumonia continued, and it was not until 
surgeons learned to close the fistula first and, if necessary, defer the 
gastrostomy until later, that real progress in this condition was made. It 
is evident from the studies upon this condition that in babies regurgita- 
tion of material from the stomach into the esophagus is frequent. 

The next lesions to be discussed comprise a group described variously 
as cardiospasm, achalasia, and congenital shortening of the esophagus. 
In the past, it has been customary to dilate constrictions at the cardia 
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through the esophagoscope, or preferably by the use of a retrograde 
bougie after gastrostomy has been perfonncd. In this way it has fre- 
quently bf » ’ - « • 

patent for 
ing of the 
pathway f 
gastrostomy 

A number of operations have been tuggested to relieve this condition 
One of the simplest, which can be performed transthoracically, is to 
draw the fundus of the stomach up through an opening in the diaphragm 
and do a side-to-side anastomosis between it and the esophagus above 
the lesion. Recently, Wangensteen* has postulated that most of the 
disease in this area may be due to the regurgitation of gastric contents 
into the esophagus with ulceration and scarring He has stated that, 
with the exception of the duodenum, the lower end of the esophagus is 
more subject to peptic ulceration than any part of the gastrointestinal 
tract He has applied this hypothesis in practice and has, in a small group 
of cases, resected the lower portion of the stomach (about 80 per cent) 
so as to reduce the amount of acid formation xvhich occurs. His results 
to date have been very satisfactoiy in that cardiospasm and achalasia 
have been relieved and the patients have been able to take food by 
mouth, A somewhat longer period for follow-up will be required before 
final conclusions can be drawn with regard to the validity of Wangen- 
steen’s hypothesis, 


THE STOMACH 

Gastric Secretion. -A very large amount of work has been done on 
the physiology of the stomach and some of the earliest observations 
Were made on a patient named Alexis St Martin, by the early American 
army surgeon, WiHiam Beaumont. Alexis St. Martin had a gastrostomy 


digestive material. 

The c.xperimenls of Pavlov on the conditioned reflex demonstrated the 
control of gastric secretion exercised by the central nervous system. This 
is, of course, one of the bases for vagotomy, the therapeutic measure 
revived by Dragstedt and vigorou%^ advocated by him dunng recent 
years in the treatment of duodenal ulcer A gastric pouch with an external 
opening constructed so as to preserve the vagus nerve supply to its w a 
still bears Pavlov's name. 

It IS knoam that, in addition to the cephalic phase of gastric secretion, 
there is also a gastric phase and an intestinal phase. Thus secretion is 
stimulated by food in the stomach smd by food and the products o i s 
digestion in the intestine. Mechanical irritation of the gastne tra 
probably a rveak stimulus to secretion also. Edkins first desen 
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substance which he prepared by grinding pyloric mucosa with certain 
foodstuffs that would stimulate gastric secretion when injected intra- 
venously (gastrin). It is now believed ^est and Taylor®) that the active 
material in such preparations is histamine. It has been shown that it can 
be derived just as well by using mucosa from the fundus of the stomach, 
so that insistence upon removal of all of the gastric antrum when partial 
gastrectomy is performed can no longer be based upon the earlier belief 
that the gastric phase of gastric secretion was mediated through this 
area. However, most surgeons persist in this practice because it seems 
unwise to leave gastric mucosa in a situation where its secretions can 
only be neutralized by reflux of duodenal contents through the pylorus. 
Such segments are presumably stimulated during both the gastric and 
intestinal phases of secretion. How much acid they secrete in man is not 
known. 

The intestinal phase of gastric secretion is also duo to a humoral 
mechanism. IMicther any humoral agent other tlian histamine takes part 
in either the gastric phase or the intestinal phase remains uncertain. 

Entcrogastrone, an active principle derived by Ivy and his associates 
from the intestinal mucosa, has the effect of suppressing gastric secretion 
and gastric motility. 

Gastric Acid Formation. — The last few years have made available 
much basic information with regard to ibo^fprotnr Yjunction of gastric 
cglls, particularly in connection with acid form^ion. Jntcrestmgiy 
eBough, this seems to have developed, in no small measure, from studies 
on the clectri^I_currcnts formed in the stomach which began fully sixty 
years ago by Bohlcn. The recent work in Kreb’s laboratory, by Crane, 
Davies and Longmuir,* is perhaps the most convincing of the recent 
papers on this subject because these authors worked with isolated seg- 
raents of frog st omach^Wh en such segments are mounted as a diaphragm 
Jlvi3mg~a vessel into two separate chambers, secretion can be main^ 
tained for several hours by supplying suitable media and by bubbling 
oxygen through the fluid exposed to the serosal surface. Such segments of 
mucosa may be stimulated to active secretion by histamine, or their 
secretory activity may be inhibited by atropine. ^The mucosal surface 
develops an electrical potential difference in the neighborhood of 40 
millivolts and is negative to the serosal surface. This potential dif- 
ference is maximal when gastric secretion is inhibited, and is reduced to 
a lower level, but not zero, when gastric secretion is stimulated. Both 
gastric potential and acid formation may be reduced to zero by with- 
drauing the oxygen supply, and if this oxj'gen supply is restored after a 
brief inten’al, secretion may be resumed and the potential will again 
appear. The reduced electrical energy in an external circuit which occurs 
when secretion is stimulated by histamine is believed to be roughly 
proportional to the chemical enei^ represented by the hydrochloric 
acid formed. This work confirms earlier observations of Rehm< made in 
the stomach of the dog. 
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It IS probably significant that Stout notes a reduction m the oxyntic 
or acid-forming cells of the gastric mucosa, botli in carcinoma of the 
stomach and in atrophic gastritis. How this reduction is brought about 
fs not clear but it ivouid seem to be consistent with the reduced acid 
formation so often noted upon gastric analysis in patients iv-ith carcinoma 
of the stomach It would also seem to correspond with the inability of 
the stomach containing a carcinoma to give a normal electrical response 
after the ingestion of milk. This latter phenomena A\as first observed 
by Goodman^ in 15)42. Additional data has recently been obtained and 
analyzed by Sawyer, Rhoads and Panzer.* 

Several btudies have shown that the pH of the material secreted by 
gastric acid-secreting cells is rehtiveiy constant and is very close to a 
pH of I (Hollander’) . The raatenal obtained by aspiration of the stomach 
varies considerably because of an admixture of mucus and other buffering 
material 

Experience has ghoum that one-half or two-thirds of the stomach can 
be removed, and yet that secretion from the remamder will be so copious 
and ill contain so much acid as to produce stomal ulcers. If, however, 
75 to 80 per cent of the stomach is removed, this will rarely occur. An 
exception has recently been reported by Machella and Rhoads’ in which 
^uch a resection proved inadequate and the patient was restored to 
health after total gastrectomy. 

Gastric Emptyine.—In addition to the information which has been 
presented on gastric acid formation, there is a good deal of data of 
clinical significance regarding gastric emptying. One of the earliest of 
(he enigmas encountered in gastric surgery was the persistent vomiting 
which sometimes occurs after gastroenterostomy. For some decades, 
this was referred to in surgical literature as vicious cycle or vicious circle 


basis for this belief and I have by means of the huoroscope ouseiveu 
bdriura to foliow this route m one patient. Surgeons have, at times, re- 
operated on such patients to inspect the gastroenterostomy and to sw 
that there was no technical defect. They would then divide thestomach 
across the pylorus to break the circle. As early as 1929, Ravdin obtained 
ei'idence that one factor in producing this complication was hypopra- 
teinemia. In an important paper in 1933 on the occurrence of edemsia 
surgical patients. Jones and Eaton* called attention to a seri^of P^' 
tients in which this had occurred when excessive saline had been ad' 
ministered parenlerally. , 

In 1937, Mecray, Barden and Ilavdm« published the results oi a 
study in dogs which indicated by controlled axperiments that 
teinemia would interfere witli gastric emptying after \ 

and gastric resection, in that species, and furthermore, that i 
profound effect upon the emptying of the unoperated stomach 
dog. Tlie relationship betw’een the serum protein concentration i S 
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per hundred milliliters and the gastric emptying time for water barium 
meal in liours is an inverse one. In our clinical experience, subsequent 
to this work, hypoprotcinemia has been by far the most common cause 
of delayed gastric emptjnng. There arc, however, other factors. That 
vitamin B deficiency may have a similar effect was demonstrated by 
Heublein and his associates’^ in 1941. It is often possible to differentiate 
this effect from that due to hiTioprolcinemia roentgenologically. In 
hjT 3 oproteinemia, not only is the gastric emptying time delayed, but 
transport of the barium meal from the stomach to the cecum is also 
retarded. In vitamin B deficiency, on the other hand, stomach to cecum 
time is reduced, in spite of the fact that gastric empt>ing is delayed. 

There would seem to be little doubt that Iraxtma in the region of the 
anastomosis may, at times, be a factor in delayed gastric craptjnng in 
the immediate postoperative j>criod. In our experience, open anastomoses 
have more frequently worked satisfactorily during the early postopera- 
tive period than have anastomoses performed with clamps. At times, 
clamps exert such pressure on the gastric wall as to practically destroy 
the mucosa in the area where they arc applied. If this be close to the 
stoma, as when three blade anastomosis clamps are used, the factor of 
local trauma maj' be a serious one. 

Gastric emptying is profoundly affected by the nature of the test meal. 
In general, it may be said tliat fat exerts a retarding influence on gastric 
omptjnng, and that hypertonic fluids usually arc not emptied until they 
arc sufficiently diluted to be at or close to isotonicity. Thus, Johnston 
and Ravdin’* injected hypertonic glucose into the stomach of dogs and 
determined the concentration of the material as it reached the duodenum 
and the proximal jejunum. It was found that the concentration entering 
the small bowel was seldom above 5 per cent (which is approximately 
isotonic). 

The late Dr. IV. Osier Abbott and his associates’* confirmed these 
findings in man. He was able to recover intestinal content at various 
levels by the use of the Uliller-Abbott tube and found that the human 
stomach, like the dog’s, diluted hj-pcrlonic glucose and only discharged it 
into the small bowel A\hen it was at or close to isotonic le^'els. 

These studies have important bearing on a number of clinical prob- 
lems. In making x-ray evaluations of gastric emptying, any deviation in 
the test meal from the standard water barium mixture cannot be evalu- 
ated except in the light of an axtended experience with the particular 
preparation used. In the second place, the obser\’ations cited afford an 
explanation for the diarrhea so commonly encountered with jejunal 
feedings. This seems to be true regardless of whether an e.xtemal jejunos- 
tomy has been done or whether the nutrient mixture is placed in the 
jejunum by means of an Abbott-Rawson tube, either by the orojejunal 
method of Stengel and Ravdin,** or by the gastrojejunal method as 
suggested by Bisgaard. Most of these nutrient mixtures contain sugars 
or other relatively small molecule foods and, when these enter the 
jejunum, their osmotic force results in a considerable outpouring of 
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fluid from the jejunal ivalK This apparently has somewhat the effect of 
a saline cathartic, in many of these patients, and often results in quick 
diarrhea with loss of much of the nutrient mixture. 

The “Dumping Syndrome”.— Machella“ has recently shown that the 
“dumping syndrome,” which is seen from time to time after gastro- 
jejunostomy, is probably related to the osmotic effect of meals which are 
quickly transferred from stomach to small bowel. Much has been written 


tant. Neither elevation or reduction of this level by parenteral means 
induces the symptoms of dumping syndrome m subjects who suffer 
from it. When their sjTnptoms are produced by a suitable meal, con- 
taining a considerable amount of glucose or saccharose, it is generally 
found that the blood sugar rises shortly after the ingestion of the meal 
and frequently this rise takes place close to the time that symptoms are 
observed. He has been able to reproduce the symptoms by injecting 
concentrated solutions directly into the jejunum byway of a tube passed 
through the gastroenterostomy. Indeed, symptoms of great severity have 
been produced in this way. He has also reproduced the symptoms by 
placing a balloon in the jejunum, just beyond the stoma, and inflating 
it It would seem, therefore, that dumping sjmdromo occurred uhen 
the stomach emptied too promptly, discharging a meal which has not 
been properly diluted into the jejunum. The meal, upon reaching the 
jejunum, immediately draws in excessive amounts of water and this, in 
turn, causes distention of the bowel with a rise in pulse rate and blood 
pressure and often abdominal pain and sweating. 

It is of interest to note that occasional patients with dumping syn- 
drome will have diarrhea and that occasional patients who have diarrhea 


not yet evident. Most stomas are made 3 cm. or more m lengtii, so uwi- 
the stoma is probably wider than the diameter of the efferent loop 
There is little experience with the use of really small stomas In one 
severe case of dumping sjudrome, however, we reduced the size of the 
stoma by nearly 50 per cent with resulting improvement m.the pa- 


tient’s symptoms. 


the stomach 
hlutes it to a 


n digestion is 

begun by the action of pepsin and hydrochloric aciu. i nc acid ® 
majority of ingested micro-organisms so that gastric . 

presence of normal acidity are relatively sterile. A\’hen this acidiO 
lost, however, due to any cause, the flora of the stomach 
various bacterial forms not commonly found in gastric juice appe . 
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and the risk of peritonitis, when such a stomach is operated on, is con- 
siderably increased. Usually, however, with the prophylactic use of the 
antibacterial agents now available, this docs not become a serious prob- 
lem. Harv'ey and Oughterson have su^ested gastric lav'age wth suitably 
dilute solutions of hydrochloric acid in patients with anacidity as a 
preparation for operation. 

THE SMALL INTESTINE 

The Physiology of the Small Intestine.— A number of the functions 
of the small intestine have already been discussed in ^connection 
nith functions of the stomach in the presence and in the' absence of 
gastroenterostomy. One of the major functions of the small intestine 
is, of course, transport of material between the stomach and the largo 
bowel. The late Dr. W. Osier Abbott** investigated the pressure gradient 
in this segment of the bowel by the use of the hliller-Abbott tube. In 
most of these studies, the balloon was connected to a manometer and a 
recording of pressure changes in the balloon was made on a kjrmo- 
graph. The pressure on the balloon is, of course, constantly chang- 
ing with movements of the bowel watt. In addition to the more or 
less purposive downward peristaltic movements of classical physiology, 
Abbott also described segmental movements of the bowel which ho 
believed to have a function in mbdng the contents and not to be con- 
cerned ^yith their transport. In general, the pressure in the duodenum 
was the highest of any level of the small bowel and the pressure gradually 
decreased all the way down to the ileocecal valve. It was Abbott’s 


dency for the semiliquid material rvithin the bowel to move in the direc- 
tion of the lower pressure which was normally at the ileocecal valve. 

In mechanical obstruction of the small bowel, Abbott suggested that 
fecal vomiting encountered was not due to reverse peristalsis, but to 
a reversal of the pressure gradient. In this situation, the pressure com- 
monly became higher close to the obstruction, wth the result that the 
movements of the bowel wall resulted in a back flow of material toward 
the upper portion of the small intestinal tract. It was his observation, 
and that of Johnston, that suction syphonage through a Miller-Abbott 
tube quickly stopped fecal vomiting and, as the tip of the tube lowered 
the pressure in the proximal bowel, such peristalsis as there was tended 
to carry the balloon and the tip of the tube downward. In this way, 
successive loops of distended bowel would be decompressed until the 
tube and balloon finally reached the point of obstruction. This series of 
obsen^ations, of course, provided the physiological basis for the use of 
the Miller-Abbott tube in intestinal obstruction. 

It has long been knonm that obstruction of the small bowel is less well 
tolerated than is obstruction of the large bowel. Formerly, it w’as sup- 
posed that this was due to the early vomiting which occurred with small 
6 
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bowel obstiractioa, and the resultant el«;trolyte imbalance. TVliiJe tbis 


of peripheral circulation. An explanation for this was reported by 
.< GendeI and who showed jn 1940 that marked plasma volume 

Changes come on rapidly ailerthe small bowel is obstructed in animals. 
The loss of plasma occurs into the bowel wall and perhaps, to a Jess 
extent, into the lumen of the intestine and iato the pentamd fluid. 
Presumably, the tension on the bowel wall obstructs venous return and 
increases capillary blood pressure with the resulting loss of fluid and 
some protein. Whether or not this is the cxphnation, plasma may be 
rapidly lost uith small bowel obstruction. Whereas, large bowel obstruc- 
tion, under similar conditions, results m much smaller losses Simple 
decoTopression of distended small bowel will usually lead to restoration 
of a considerable portion of the plasma volume deficit. 

The Digestive Function of the Small Intestine.— As food makes its 
way through the alimentary tract, it first meets amylase in the saliva, 
then hydrochloric acid, pepsin, rennin and gastnc lipase in the stomach, 
and then in the duodenum and upper jejunum it is attacked by a variety 
of eaejTnes. The pancreas provides several; amylase, typsinogen, 
steapsin, and chymottypsinogen and pancreatic lipase. The secretion of 
the intestinal wall or succus cnlcricus, as it is called, provides entero- 
kinase which activates the trypsinogea to trypsin and erepsln and 
peptidase, as well as ferments for lactose, sucrose and maltose. The 
liver supplies bile, containing lipase and traces of amylase and, in the 
\ Borinal individual, bile salts often concentrated five to ten times in the 
. gallbladder and discharged by the contraction of the gallbladder in 


of these various digestive juices is belieixd to range as high as V mere 
per day. It is uncertain how important a role salivary amylase plays 
There are children with strictures of the esophagus, fed by gastrostomy, 
who have to expectorate all of their saliva, who frequently do much 
better if the saliva is collected and rc-ted. Tbis, however, may be more a 
matter of fluid and electrolyte balance than of actual digestion. 

Pepsin is necessary for the preliminary splitting of certain types oi 
proteins. After it has done its W'ork, tiypsin and enterokinase from the 
bowel wall arc further able to dig^ proteins. It is not clear at wha 
level of hydrolysis most proteins are absorbed but it is believed that a 
portion are broken dovrn to amino adds and other portions absorbed as 
poljTieptides. Fat is at least partially reduced to fatty acids. Sonw o i 
is absorbed by way of the lactKils and the lymphatic system. Car o- 
hydrates are reduced to dextrose and levulose and m.ay be absorbe* 

Digestion is a relatively efficient mechanism in the nonnal indn idual. 
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Ingested food proteins are often absorbed to the extent of 95 per cent, 
fats to the extent of about 90 per cent, and carbohydrates to the extent 
of 95 per cent, or higher. The major portion of this absorption is said 
to take place in the upper 5 feet of jejunum and duodenum. Little ab- 
sorption takes place in the stomach except in the case of glucose and 
alcohol which require no chemical processing. A great variety of dis- 
turbances may occur in the digestion of foods. The rapid transit through 
the small intestine with expulsion of much nutrient material is seen as 
the result of improper dilution of nutrient mixtures before they reach 
the small bowel. The result is not unlike that seen in gastrojcjunocolic 
fistula, where much of the food may proceed directly from the stomach 
to the colon and be excreted with little change. 

In various forms of pancreatic disease, the cnzjmics derived from this 
organ are deficient or totally lacking. The failure of fat digestion is 
most prominent and the stools become fatty and foul smelling. They 
usually are quite soft and both numerous and bulky. Nutrition is im- 
paired, not only because half or more of the fat is lost in the stool, but 
because 23 to 35 per cent of the protein, and also some of the carbohy- 
drate, often passes through undigested. (See Chapter on Surgical Lesions 
of the Pancreas in regard to management of patients of this typo.) 

The permeability of the wall of the small intestine to electrolytes is 
apparently high. Lavage of the intestine with plain water will remove 
considerable amounts of sodium, chloride and other ions, and Abbott 
found that the average chloride concentration of material withdrawn 
from a Miller-Abbott tube was about two-thirds that of physiological 
saline. There is, therefore, a real danger of rapidly producing hypo- 
chloremia when a patient is continued on suction siphonage of the small 
intestine for considerable periods of time. In one patient, studied by 
Walker,” who had a high small bowel Hstula, the chloride losses within 
certain twenty-four hour periods amounted to over 40 per cent of the 
total chloride normally present in the extracellular fluid. The treatment 
of high small bowel fistula is to a very large extent one of water and 
electrolyte replacement and until a good deal of progress in this field 
was made, duodenal fistulas were almost always fatal. Now they seldom 
prove fatal but they always require intensive care. In addition to the 
supportive treatment required, continuous suction to the fistulous tract 
has proved of great value. 

THE LARGE BOWEL 

The colon may be thought of as having dual functions — reabsorption 
of fluid and storage of feces. It is capable under certain conditions of 
absorbing some nutrient material. 

The right side of the colon is the portion chiefly concerned with 
the recovery of the large volume of water and electrolytes poured into the 
gastrointestinal tract by the various glands concerned with digestion. 
When one considers the extent of the sodium chloride loss, measured by 
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Walker'® in small bowel fistula^ it is evident bow important this function 
is. It follows that a patient with an ileostomy for ulcerative colitis 
is in a highly unstable condition. We have seen certain of these patients 
who requiiud exceedingly large volumes of parenteral fluid until they 
were able to stabilize themselves. Stabilization seems to occur by change 
in the functions of the terminal ileum bo that the discharge from It 
becomes somewhat thicker and less watery. How this change m function 
is mediated is not knoivn. 

The left side of the colon seems to function more as a storehouse for 

‘ r evacua- 

• vigorous 

I. hicker, it 

is not surprising that mechanical obstruction is more common in this 
area. This may, however, be due to the fact that carcinoma, which is the 
common cause of large bon'd obstruction, characteristically assumes a 
constricting annular form of growth in the left colon, whereas, it is more 
apt to appear as a mushroom adenomatous type of growth in (he right 
colon. Whether there is an^'tbing specific in the production of anemia in 
cases of cancer of the right colon, or whether this is merely the result of 
the chronic loss of small amounts of blood, remains obscure. 

The greater diameter of the cecum apparently makes it more vulner- 
able to perforation in chronic obstruction of the large bowel. Its suscep- 
tibility to distention may also account for the frequency unth which 
pain is felt in the cecal region in patients with ohstruoting lesions of 
the large bowel at any level. 

When the ileocecal valve is competent, so that material trota the 
cecum cancoe regurgitate back into the Heum, an obstructing lesion in 
the colon is believed at times to result in a Bo-calJed “closed loop" 
obstruction with proportionately greater severity of symptoms. 

The absorptive powem of the large bowel trere extensively relied 
upon by clinicians of fifty years and more ago. Many so-called nutrient 
enemas containing milk, e^s and other foods n'ere administered to 
patients who could not take food by mouth satisfactorily. Edsall and 
MiUca and others, condemned this practice and Edsali and Miller” 
showed by analysis that such foods w'ere largely returned in subsequent 
bowel movements. 

That the large bowel is capable of absorbing certain types of food was 
shown, however, by later experiments. Folin®® showed that certam 
amino acids and Witte's peptOTe, when placed in the freshly isolated 
large bowel of the cat, resulted in a rise in some of the nonprotem nitro- 
gen constituents of the blood. Abderhalden and Schittenhelm were 
able to maintain nitrogen balance in a human subject lately by rw 
feedings of a protein hydroly'saie. In a study in chrooically isolated Ja^c 
bowel loops in the dog, Rhoads and his a^ocia tes*® were able to show t a 
abo ut 30 to 85 per cent of the nitrogen in hydrolyzed protein 
absorbed within two hours frma such a loop and that the . 

was not confined to amino adds but included large products of pr 
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hydrolysis in substantial amounts. The large bowel is also capable of 
absorbing glucose but, according to the studies of Ebeling,^* the amounts 
absorbed in this way are quite small. 

Now that the intravenous route has been developed to a point where 
both glucose and certain protein derivatives can be administered so 
readily, there is little occasion to employ the rectal route with the uncer- 
tainty of retention which is encountered in many patients. However, 
it is well to keep it in mind for the rare patient who has very frequent 
pyrogenic reactions after intravenous therapy. 

SUMMARY 

Certain physiological data on gastro-intcstinal motility, hydrochloric 
acid secretion, water and electrolyte exchange across the gastrointestinal 
mucosae, and food absorption, have been considered in relation to 
surgical management. 
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SURGICAL PHYSIOLOGY OF BOWEL OBSTRUCTION 
Abnold J. Kremen, M.D., Pn.D.* 

A consideration of intestinal obstruction and its related abnormalities 
concerns not only a particular anatomic area per so, but also it encom- 
passes and is an intimate part of all intra-abdominal disease. Although 
fundamentally the problem of intestinal obstruction relates to an abnor- 
mality of intestinal transport, the causes of such interference are many 
and varied. They may be purely mechanical or they ma}’’ be on the basis 
of congenital deformity, nervous imbalance or intraperitoneal infection. 
Nevertheless, the clinical picture of acute mechanical obstruction is 
usually a clear and sharp one, its symptoms, physical findings and x-ray 
appearance arc characteristic, and the diagnosis should not bo a diflicult 
one to establish. In the light of present knowledge it is possible to outline 
therapeutic principles nhich if applied promptly, wisely and skillfully, 
should result in the vast majority of cases in a gratifying outcome to 
both patient and surgeon. In essence, therapy should bo directed to the 
correction of nutritional, fluid and electrolyte disturbances, relief of 
distention, release of the obstructing mechanism and the removal of 
devitalized bowel with the restoration of intestinal continuity. 

During the past century a voluminous literature on intestinal obstruc- 
tion has accumulated. Excellent monographs by Troves*® in 1899, 
Mclver” in 1934, and Wangensteen” in 1942 present this accumulated 
literature in a clear, concise and readily available manner. 

Normally there enters into the upper intestinal tract of man about 
7000 cc. of fluid secreted as follows: (1) saliva, 1000 to 1500 cc., (2) 
gastric juice, 2000 to 3000 cc., (3) bile, 300 to 500 cc., (4) pancreatic 
juice, 500 to 800 cc., and (5) succus entericus, 1000 to 3000 cc. Most of 
this fluid is re-absorbed in its passage down the small intestine, since 
it has been estimated that only about 400 cc. daily pass the ileocecal 
valve into the colon. 

Physiologic alterations resulting from or attending obstruction to the 
normal passage of material down the intestinal tract relate chiefly to (1) 
the local and systemic effects of fluid and electrolyte losses, (2) the 
effects of distention on the function and viability of the gut, (3) toxic 
factors associated udth intestinal obstruction, (4) the relation of bac- 
terial grou-th to intestinal viability, and (5) the problems attending 
compromise of blood supply of the intestine. 


Prom the Department of Surgery, Uiuversity Hospitals, University of Minne- 
sota, Minneapolis. 

* Assistant Professor of Surgery, University of Minnesota School of Medicine 
Minneapolis, Minnesota. 
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TlVin AND ElECtROLYTE LOSSES 

In 1912 Hartwell and Hoguet” observed that dogs with complete ob- 
struction in the lower duodenum lived for only a few daj-s if untreated. 
If, however, they administered subcutaneously daily a quantity of 
normal saline solution equal to the amount of water lost by vomitus and 
urination, their dogs pronaptly improved and returned to the condition 
of dogs undergoing simple starvation. Their dogs so treated lived in 
good condition for three weeks or more. Unaware of the fundamental 
electrolyte imbalance they had corrected, they felt that the cause of 
death of high intestinal obstruction was due to dehydration brought on 
by vomiting. 

The work of Haden and Orr**- in 1923 demonstrated a fall in blood 
chlorides followed by alkalosis as a result of loss of gastric juice due to 
vomiting. However, it was the work of Gamble and Ross'* in 1925 that 
clarified the pattern of electrolyte and water loss in high obstructions 
and explained the beneficial effect of saline administration. They showed 
that the withdrawal of electrolytes from the body fluids was accom- 
panied by a proportional reduction of body ^Yater and that this change 
could only bo reversed and corrected by repheing both the lost water and 
lost electrobde Fjve per cent glucose solution alone would not sustain 
the normal volume of body fluids in the presence of continued loss of 
electrolyte. It was this extreme dehydration in high intwtinal obstruction 
that resulted In severe prostration and rapidly led to a fatal outcome, 
which earlier workers had almost uniformly ascribed to a toxic factor 
found in the lumen or mucosa of the obstruction bowel. Gamble and 
associates felt that loss of Na+ was the essential factor in the rapid 
dehydration that occurred. 

Sodium ion may be lost directly m the vomitus. In addition, howver, 
with a preponderant loss of Gi~, as occurs in high obstruction, an alka- 
losis develops which is compensated for by an increase of the HCOj" 
ion in the serum. Because of the alkalosis there is an increased excretion 
of base (Na'*’) in the urine, further depleting the total base of the body. 
Loss of Cl” ion can be temporarily compensated for by mobihnng 
HCOa" from metabolic storra, but the loss of base (Na'*') results in a 
contraction of the extracellular compartment of the body (dehydration). 
The increased lex'cis of serum nonprotein nitrogen and urea nitrogen 
commonly seen iit obstruction of considerable duration is a sequel ol 
of severe dehydration with extra renal suppression of urine formation. 
More recently as a result of the work of Darrow ,* it has become apparen 
that the intracellular water compartment also appears to play a 
dehydration states Under these conditions further depletion 
may take place by its diffusion into the cells, replacing the K*" whic is 
normally the predominant intracellular cation. _ v, 

In humans the losses of fluid and deetrolyte accompanynng cig 
testinal obstruction may at times appear almost astronomj^ • 
author recently observ'ed a 44 year old man who had become ob ru 
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at the efferent stoma of a short loop gastroenterostomy which had been 
performed elsewhere some eight years previously. This man lost daily 
in measured gastric aspiration from 7000 to 8800 cc. of intestinal content 
consisting, no doubt, of all of his saliva, gastric juice, bile pancreatic 
juice and duodenal succus cntericus. In order to maintain adequate 
hydration it was necessary to administer parenterally to this individual 
from 10,000 to 11,000 cc. of fluids daily containing from 45 to 50 gm. of 
sodium chloride. 

The amounts of fluid lost by vomiting, the chemical composition of 
the fluid lost and the resultant blood chemical profile of the patient nill 
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Fig. 60S — Electrc*iv*« 
acid and basic ions 
Pathology of E'ctrac 
vard Medical School, 1030.) 


vary with the site and level of the obstructing process. Figure G08 shows 
the relative electrolyte profile of the various gastrointestinal secretions. 
Aside from gastric juice where there is a preponderance of Cl“ and 
pancreatic juice where there is a preponderance of Na"^, the relative con- 
centrations of Na"*" and Cl~ arc about the same. Such being the case, 
the obstructions below the gastric outlet are not so prone to develop the 
alkalosis seen in pyloric obstructions but will nonetheless show the 
effects of dehydration and total salt loss. However, the higher in the 
intestinal tract the obstructing mechanism resides, the more profuse and 
copious is the vomiting. In low obstructions, where vomiting ordinarily 
is less profuse, but where large quantities of intestinal content may 
accumulate in the distended coils of intestine, dehydration may still 
occur. In the rabbit, which cannot vomit, obstruction causes the same 
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cliaracteristic blood changes of dehj-dration and decrease of total 
electrolj'te 

On the other hand, in low intestinal obstniction the administration of 
adequate crater and electrolyte fails to ei'oke the dramatic response that 
attends their use in high obstruction. Under these circumstances there 


.succeeds in preventing great distention. Hence, under these circum- 
stances the predominant ill effects of obstruction relate principally to the 
loss of fluid and electrolj’te incurred by vomiting, In lower small bowel 
obstructions, which are the most frequent clmically, the mechanical 
effects of distention on the bowel are everj' present, and they tend to 
dominate the pathologic picture th.at is presented. 

DISTENTION IN INTESTINAL OBSTRUCTION 

Distention of intestinal loops by gaa or mixtures of gas and fluid is a 
constant accompaniment of intestinal obstruction, Early in the course of 
the obstruction the distention is chiefly gaseous and results in the charac* 
teristic x-ray picture of small bowel obstruction. Past the period of 
infancy (three years) in healthy individuals, one does not normally see 
gas in the small intestine on x-ray exaraioation. Obstructions of longer 
duration show greater quantities of fluid accumulated In the intestinal 
loops, and the gas may not appear as conspicuously. Occasionally cases 
are encountered having distended loops of bowel containing principally 
fluid, 60 that on routine flat x-ray film examination these dilated loops 
may not be apparent. Such an error can be avoided if upright films are 
also taken, in which case fluid levels become ei'ident in small intestinal 
loops showing (he admixture of gas and fluid. 

Distention per sc is a seriou*? manifestation of intestinal disease, and 
if prolonged for any considerable period it can initiate mucosal degenera- 
tion evidenced by petechial hemorrhages, erosion and ulceration. More- 
over, long continued distention can so compromise intramural blood 
flow as to endanger the viability of the bowel. Systemic effects of disten- 
tion may also be of considerable moment and cause marked discomfort 
to the patient, ‘ ' ’ i- 

with both resp 

increased intra, , ' 

shown, there may be intcrfereucc with venous return from the lower 
extremities. 

Sources of Gas in the Boweh—Three possible sources of the ^ 
bowel obstruction are apparent: swallowed air, ps formed locally in t»e 
bowel as a result of chemical action or bacterial putrefaction and ler- 
mentation, and diffusion of gas into the gut from the blood stream 

Swallaiced rlfr.— Mclveri*- ” in I92D obser^’cd that the gw m 
stomach after operations was largely s^vallowed air. In addition, e 
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showed that air injected into the stomach of animals often passed dorni- 
ward into the intestine. Animals with peritonitis in whom the pylorus 
was ligated so that air could not pass into the intestine showed a dilata- 
tion of the stomach but no distention of the intestines. When the pylorus 
was not ligated, on the other hand, dilatation of both stomach and 
intestine occurred, indicating passage of air downward from the stomach 
He also noted that when Oi was injected into a closed loop of intestine, 
there was not onlj' absorption of Oi out of the loop by the blood stream, 
but also diffusion of Nj and COj into the loop from the blood stream. 

Hibbard,” studying the gases of mechanical small intestinal obstruc- 
tion, concluded that about 72 per cent of the gases present were derived 
from sNvallowcd air. The amount formed within the body was 28 per 
cent and, of this, 70 per cent originated from diffusion of the gases, 
dissolved according to their partial pressures in the blood, into the 
lumen of the bowel, and the remaining 30 per cent resulted from de- 
composition of food materials locally within the intestinal lumen. 

A further deffnition of the role of swallowed air in producing intestinal 
distention in obstruction vs well brouglit out by the experiment reported 
by Wangensteen and Rea.” In these animals a cer\’ical csophagostomy 
was performed wlioreby tlic proximal esophagus was brought out as a 
cutaneous salivary fistula, thus preventing swallowing. A complete 
obstruction was then produced at the terminal ileum . By thus precluding 
any possibility of swallowing air, these animals sustained by parenteral 
fluids survived on the average 35.2 daj'S, with the longest surviving for 
57 days. At death the intestines were empty and collapsed. By excluding 
the factor of swallowed air it was possible for the obstructed intestine 
to absorb the gastric secretions, bile, pancreatic juice and succus en- 
tericus without producing distention. For the most part, these animals 
lived about as long as a normal dog would live if deprived of food and 
sustained on subcutaneous water and salt alone. A controlled group of 
animals vvith similar ileal obstructions alone lived five days. Anderson 
and Ringsted (1943),* studying gas analyses from clinical material, 
concluded that the gas accumulations in bowel obstruction was due 
exclusively to swallowed air. 

Other Sources . — In the presence of obstruction and with gaseous dis- 
tention established, there accumulates large amounts of foul, fecal- 
smelling, yellou-ish fluid. This is the residual of all the intestinal juices 
mentioned earlier which, because of the distention and obstruction, have 
failed to be absorbed. In addition, under these circumstances there is an 
abundant outpouring of secretion by the intestine itself as a sequel of 
irritation and distention. In this connection the report of Herrin and 
Meek” is most pertinent. These authom produced distention by dis- 
tending balloons in Thiry-Vella fistulas and observed, as a result of the 
di^ention, a marked increase in secretion containing a high content of 
Cl ion. Gatch,”- ” on the other hand, felt that secretion may be de- 
pressed with elevated intra-enteric pressures of 10 to 15 mm. Hg. 

Compensatory Adjustments to DistenUon.— The normal mechanisms 
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for transport and removal of gas from the intestinal tract are essentially 
three. One mechanism is expulsion from the anus at periodic intervals 
second is by vomiting and bdching; the last is absorption of these gases 
by the biood stream in amounts according to their partial pressure 
solubility ratios. Under conditions of obstruction, peristalsis is unable to 
carry gas beyond the obstructing mechanism, and passage by rectum 
ordinarily does not occur. Clinically the resumption of passage of gaa 
by rectum is an excellent sign of release of the obstructing mechanism. 
Removal of the accumulated gas via the blood stream does not suffice 
ordinarily. Fine^* and associates have suggested a means of augmenting 
this transport, however, by the inhalation of 95 per cent Oj. Under these 
conditior^ the plasma does not become saturated with Ni from the pul- 
monary ah'Coli and is able in its passage through the intestinal vessels 
to absorb and transportaway a greater amount of Nj from the intestinal 
lumen. 

Effects of Distention. — Ivocally, acute distention of the bowel causes 
contraction of its longitudinal muscle unth considerable shortening (Sperl- 
ing, 1938)** and an increase in weight The weight per foot of the small 
intestine normally decreases from duodenum to terminal ileum. In 
simple ileac obstruction, however, there is a reversal of this normal 
gradient of weight so that the weight of the bowel immediately proximal 
to the obstruction is highest, with a progressive decrease occurring in a 
retrograde direction, Edema of the intestinal wall accounts for only 7 
per cent of the increase of weight. An increase of blood, principally due 
to stasis m the veins, seemed to account for most of the increase of weight 
(Carlson and Wangensteen, 1932)*. 

Changes in bursting pressure of the ileum were observed by Sperlmg 
and Wangensteen (1935)” to be most prominent in the segment imme- 
diately above the obstruction, where generally it was found to be leaver 
than the normal gut by about 50 per cent. 

The contractile power of the bowel is augmented and stimulated by 
mild distention, but when it becomes extreme and prolonged, as Brand- 
berg* noted, there results a decrease in intestinal activity. Sperling 
(1938)” observed in dogs that loops of small intestine subjected to 
pressures from 20 to 100 cm of water showed at first increased peris- 
talsis which then disappeared with fatigue. After a period, peristalsis 
reappeared, thus completing a cycle of alternate activity and rest. This 
phenomenon seemed to correspond to the intermittent cramphke pains 
that characterize bowel obstrvethn cliahally. 

Absorption of water from an obstructed loop of ileum was found to be 
considerably diminished (^Vangenstecn, 1942).** ^\'he^eas a nomal loop 
absorbed in one hour 87 per cent of the water instilled ivithin it, the 
obstructed loop absorbed only 9 per cent. On the other hand, increases o 
intra-enteric pressure to the extent that cause venous stasis result m 
increased absorption by the lymphatics. , 

Burget*and associates workingirith closed jejunal loops in dogs lou 
that they could keep their animals alive and healthy almost indefimtey 
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as long as they prevented distention by aspirating the loops. Wien they 
allowed the loops to distend, there were obvious signs of illness. Histo- 
logic studies of aspirated loops were normal, whereas in the distended 
loops necrosis and perforation were observed. 

Gatch and associates'* and also Dragstedt and associates" studied the 
effects of distention on the ctrculob’on and found that the blood flow de- 
creased with increase of intra-enteric pressure. Dragstedt felt the duo- 
denum to 'bo most susceptible to this effect, in that interference with 
blood flow occurred there at lower pressures than in ileum or colon. Such 
a circumstance first results in venous stasis, increased venous pressure, 
and then increased capillary pressure followed by increased capillary 
permeability. From the serosal surface edema fluid passes into the peri- 
toneal cavity, producing the clear peritoneal fluid regularly seen with 
nonstrangulated bowel obstruction. From the mucosal surfaco also, in- 
creased amounts of fluid pass into the lumen. By this moans largo amounts 
of protein arc lost from the available protein pools of tlic body. Patients 
with chronic obstructions and those having endured distention of consid- 
erable duration, clinically exhibit the effects of chronic protein depletion. 

Some degree of protection from the effects of increased intra-cntcric 
pressure is afforded tlm gut by virtue of its distensibility and ability to 
compensate for the increased pressure. However, as Wangensteen points 
out, the tension on each square centimeter of surface of the bowel is a 
function of the diameter as stated in the formula T=fl-DPr (T = ten8ion, 
D=adiamcter, Pr=prcssurc). Thus for equal pressures the tension on 
the surface is greater as distention occurs. A common example of such a 
circumstjvnce is scon in large bowel obstructions. When perforation 
occurs, because of failure to decompress the obstruction, it happens most 
commonly in the cecum where the diameter is greatest, and hence the 
tension on the surfaco is greatest. Sperling (1038)** found in dogs a defi- 
nite relation between the height of intra-enteric pressure and the degree 
of pathologic change occurring after distention. Petechial hemorrhages 
were apparent after sustained pressure of 10 cm. of water for twenty- 
four hours. At 20 cm. of water, necrosis, loss of viability and abnormal 
permeability of the gut wall were observed. These pressures were not far 
above those measured in clinical bowel obstructions where pressures 
from 4 to 18 cm. of water were observed, and which rose to 20 to 30 cm. 
of water with peristaltic activity. j m 

TOXEMIA 

The concept that absorption of toxic material from the intestinal 
lumen was a prime factor in the fatal outcome has been held by writers 
on the subject since the paper of Amussat in 1839.* This has always 
been an appealing thought, since it has been appreciated for a long time 
that obstructed fluid is toxic when injected into otlier animals and that 
removal of obstructed fluid by enterostomy is often lifesaving. Also, to 
support this concept is the clinical appearance of the patient with ad- 
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vanced obstmction ^\ho presents the classic facies of dehydration, mal- 
nutrition and toxemia. W\th the demonstiation by Hartwell and Ho^et,^ 
and Gamble et al.,‘* that loss of fluid and electrolyte was the cause of 
death in high intestinal obstmction, the theory of toxemia had to be 
abandoned in those cases. Proof for or against absorption of toxins 
occurring in simple mechanical lower intestinal obstruction is more diffi- 
cult to obtain.The demonstration that toxic material is present in the 
fluid of obslmcted intestines, and that injection of this fluid or extracts 
of it into animals results promptly in their death, does not establish that 
this toxic material can pass the barrier of a viable mucous membrane. 
Similar toxic substances can be demonstrated in normal intestinal fluid 
Hou ever, with loss of viability of the intestine, as occurs in strangula- 
tion and possibly after m.arked sustained distention, transmural passage 
of toxic substances into the peritoneal cavity and absorption by this 
means may well oecur. U seem-i unlikely that, in the presence nf viable 
intact mucosa, absorption of toxic material from the intestinal lumen takes 
place 


ROLE OF BACTERIA 

In the presence of obstruction the bacterial count of intestinal content 
increases markedly. Before the era of modem antibiotics, spillage in the 
course of an operation for obstruction of as much as one drop of intestinal 
content would commonly prove fatal. Today with better weapons on 
hand to combat infection, such minor spillage may be better tolerated. 

Harper and Blain'* have suggested that bacterial growth may play a 
more important role as a cause of death in experimental obstruction than 
has hitherto been appreciated. Working in dogs and using 12 cm. closed 
isolated jejunal loops, they observed an average survival time in their 
control animals of three and one-half days. By instilling penicillin solu- 
tion into the loops or by parenteral pencillm therapy, all dogs lived over 
nine days, and GO per cent survived more than thirty days In the dogs 
that died there were observed ulceration, necrosis and infection of the 
gut wall most marked along the antimesenterio border. It was the 
opinion of these authors that, by controlling the bacterial growth by 
pencillm, ulceration and other effects of distention per se in a closed 
loop were not necessarily fatal. 

Harper and Lemmeri® found no damage to the intestinal wall in upper 
jejunal obstruction, but observed over 70 per cent intestinal wall damage 
in lower obstruction. They also noted the lower the obstruction, 
with greater potential for distention, the greater the incidence and area 
of hemorrhage, necrosis and ulceration. Penicillin administered in large 
doses appeared to prevent these changes from occurring. This suggests 
that distention may prepare the way for bacteria to invade the gut wall, 
but that bacterial growth may be responsible for the ulceration and 
necrosis. 
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THERAPEUTIC CONSIDERATIONS OF DECOMPRESSION 

In the past fifteen years, since the introduction by Wangensteen of 
means for control of intestinal distention by constant suction on an 
indwelling intestinal tube, and his definition of the mechanical derange- 
ments brought on by continued intestinal distention, there has been for 
the first time a general decline of the overall mortality of intestinal ob- 
struction in this counlo'. As a result of \S'angcnstecn’s work, and sub- 
sequent contributions by Abbott and Johnston^ and others, nonoperative 
means are at hand by which control of distention can be effected. This, 
together with a more general appreciation of the mcclianical aspects of 
obstruction and distention and their train of ill effects on the organism, 
has led to sounder and more rational approach to therapy. 

Control of distention by constant suction intestinal intubation,! n the 
absence of strangulation, often will, by itself, effect release of the ob- 
structing mechanism. Experience has shown that best results have been 
attained in the obstructions due to adhesions, and in the postoperative 
ileus resulting from a combination of circumstances including post- 
operative inhibition, trauma, fibrinous adhesions, kinking and sepsis. 
Should intestinal intubation prove ineffectual and require operative 
intercession, or should surgical intcr\’cntion be elected a-s initial primary 
therapy, suction provides a valuable adjunct by partially reducing the 
distention preoperatively and by preventing additional distention from 
forming postoperatively. 

STRANGULATION OBSTRUCTION 

Compromise of the intestinal blood supply producing strangulation of 
the bowel constitutes the most serious, dangerous and treacherous com- 
plication attending intestinal obstruction, and is the one complication 
that demands immediate operative intciA'ention. Amongst those who 
utilize nonoperative decompressive therapy in the management of 
intestinal obstruction, accurate and prompt recognition of strangulation 
obstruction is imperative. It is around this ability or inability to recog- 
nize clinically strangulating or potential strangulating obstructions that 
disagreement arises as to the propriety of employing nonoperative de- 
compressive therapy alone in the management of bowel obstructions. 
Strangulation may develop with considerable rapidity in association 

with certain types of adliPwvphnnrjQ i- 

or hernia ; less rapidly ' 

distention in associatior 

other organs can be tolerated — *' — '.‘■ — ■y - • ’ 
barrier of a healthy, viable • ' * ■ 

invade the intestinal wall, s ■ • ■ ■ . . . 

the peritoneal cavity. Later frank necrosis and perforation of the in- 
testine develop, with gross peritoneal contamination. 

If is felt hy most authors, and seems to be true clinically in the vast 
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majority of cases, that a strangulated segment of ^t will not transport 


nism per se, be it an adhesiv'e band or a hernial ring, occiudes the intesti- 
nal lumen as well as the blood \*essels. 

Recognition of Viability. — Absolute clinical recognition of viability in 
borderline cases of strangulation is a difficult task for even the most 
experienced sm^eon. With the release of the obstructing mechanism a 
prompt change in color from the dark purple (rf strangulation to a healthy 
pink is fairly reliable sign of mbih'ty However, the converse, although 
suggestive of nonviability, is not absolute, for on occasion dusky seg- 
ments of bowel will survive The return of good pulsations through an 
area of involvement mdicates viability unless irreversible damage to the 
intestinal wall has taken place during the period of occlusion. Occasion- 
ally m the absence of strong pulsations, a tiny artery in the involved 
area can be sectioned and its bleeding obsen-ed Transmission of peri- 
stalsis, although commonly mentioned as a criterion of viabibty, is 
relatively unreliable. ^Vith ano.tia, active muscular contractions ensue 
which arc difficult to differentiate from peristalsis. The use of fluorescein 
given intravenou.«ly and then observed under ultraviolet light gives an 
indication of blood flow through the intestine. Laufman and Method** 
described a bowel surface temperature r^ponse as being an accurate 
index of viability. With strangulation, the temperature of the bowel 
surface fell below that of normal gut. WTien the strangulatjon was re- 
leased before viability ivas compromised, the temperature returned to or 
above that of normal bowch If after release the temperature stayed at 
Its strangulation level, viabibty was always lc«t Tliey also observed that 
papa^’erinc given intravenousfy was of considerable value in releasing 
residual vasospasm, thus aiding m the recoverj* of bowel following 
strangulation, provided the loop was recoverable 

Venous Obs^ction. Due to their thin walls and relatively low internal 
pressure, interference ivith venous blood flow is the initial manifestation 
in most types of strangulations. Pure arterial obstruction is rarely en- 
countered except in instances of accidental severance of the artery, 
arterial embolism or thrombe^is. On the other hand, usual types o! 
obstruction, encirclement, torsion, dbtention and intussusception cause 
for the most part venous occlusion or a varying combination of venous 
and artena! obstruction ^'ith venous stasis the color of the bow^ rapidly 
assumes a dark purplish blue and is early i^sociated with marked venous 
engorgement and edema of the gut. As a result of increased 
sure and stasis changes in capDlary penneab3ity occur, follow w by 
extravasation of bloody fluid into the gut wall, intestinal lumen and ree 
peritoneai cavity. Ginicalfy the passage of bloody material by rectum or 
by vomiting under these circumstances should suggest strangulation o 
some type, and the finding in the courae of an exploratory laparotomy o 
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bloody peritoneal flviid should immediately alert the operator to the 
possibility of some type of strangulatinR mechanism. 

Blood Loss os a Cause of Shoe'e tn Inlcslinal Slrangxilatton. — The factor 
of blootl loss as a cause of shock in intestinal strangulations lias been ex- 
tensively studied by Scott and Wangensteen.** In venous obstruction 
alone there was observed an average increase in weight of strangulated 
loops of ileum of 283 per cent and an average blood volume decrease of 
o5 per cent. It was the feeling of these investigators that loss of blood 
locally into the gut wall, the intestinal lumen and the peritoneal cavity 
was of sufficient magnitude in itself to bring on the picture of shock. This 
effect is not so marked with arterial occlusion alone or when both arterial 
and venous occlusion occur at the same time. Under these circum- 
stances the local loss of blood is not so great, and the animals siir\'ive a 
longer time, to die CYcntually of the effects of necrosis and perforation 
of the gut. The animals with venous obsl metions, on the other hand, 
died earlj’, usually in six hours from shock as a result of local blood loss. 

Similar observations have been noted by Krcmcn and Nelson** in 
studying the effects of ligation of the main superior mcscntcnc arteries 
and \*cins. In these experiments, dogs regularly succumbed early to 
venous occlusion of three hours' duration, usually with the picture of 
shock. Arterial occlusion could be tolcratc<l up to four hours and if 
death occurred it was considerably later than in the venous group. Oc- 
clusion of both the arteries and veins caused the type of response ob- 
soiTed with the arterial occlusion. 

Absorption of Toxic ^fakriat from Slrangulakd Intestines. — Scott** 
could find little evidence for direct absorption of toxic material from 
strangulated loops of intestine. He also injected intravenously into 
normal animals the peritoneal fluid of dogs having strangulated small 
intestine and could find no evidence suggesting the presence of toxic 
material in the peritoneal fluid until late in the course of the obstruction 
when the bowel was no longer viable and perforation had occurred. 

Thrombosis. — With the slowing of circulation through the intestinal 
vascular bed and the clumping of cells that accompanies strangulation, 
conditions favorable for intravascular thrombosis undoubtedly exist. 
Laufraan (1942)** felt that although heparin was effective in preventing 
thrombus formation and propagation, its use in strangulation was dan- 
gerous because it caused increased hemorrhage into the lumen and into 
the intramural tissues. On the other hand, Laufman felt it might be 
very helpful in preventing propagation of thrombi following lesection of 
the strangulated segment of bowel. 

Relationship of Bacteria to Viability.— Recent reports by Sarnoff and 
Poth,** and Sarnoff and Fine” imply that in addition to the vascular 
effects per se, the bacteria present in the intestine may be a deter- 
mining factor in survival from the effects of strangubtion. Tliesc authors 
obsen'ed that although the ligation of all the venous return from a 50 
cm. segment of ileum was regularly fatal to dogs, if the animals were 
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treated for ten days preoperatjvely with suceiny) snJfathkzole orally, 
70 per cent of treated animals survived indefinitely. By prav'enting 
bacterial proliferation it was possible for collateral \*enous return to 
develop through the omentum, mesentery, and to adherent loops. After 
thirty days the bowel appeared essentially normal, but prior to this 
they obseiA'cd an e.’ctcnsu'e hemorrhagic infiltrate m the bowel wall rvjth 
some early ulceration of the mucosa. The subnnicosa was hemorrhagic 
but intact. 

Blain, Kennedy and associates (194G)‘ obstructed the terminal ileum 
of dogs and then devascularized the tenninal 60 cm of the obstructed 
segment. Such a maneuver was fatal to the control animals in twenty-six 
to thirty-six hours. In animals treated with pemcillin, 100,000 umts 
every two hours, all survived seventy-two hours, at which time it was 
possible to resect the devascularized segment with surrdval of four out of 
five animals. 

Davis, Gaster and associates'® studied the degree that bactena contrib- 
ute to the damage to the intestine of rabbits, resulting from inadequate 
blood fsupplj’. They found that streptomycin, 200 mg. daily given sub- 
cutaneously to a 2 hg. rabbit, prevented death in each of twelve animals 
after devascularizing a 7.5 era. segment of ileum, a procedure that caused 
80 per cent deaths in a control group of animals. In the sumving an'mais 
the 7 5 cm segment was found to have contracted to 5 to 0 cm. It 
adherent to the omentum, parietal pentoneum and adjacent loops of 
intestine, from all of which it seemed to be deriving some Wood supply. 

These studies suggest that the lethal effects of strangulation relate 
to local blood loss with shock, and as a result of the intestinal infarction 
there is an invasion of the intestinal wall by bacteria, leading to early 
necrosis, dissolution of continuity and perforation. These effects of 
bacterial proliferation can be delayed by antibacterial agents such as 
succinylsulfathiazole, penicillin, and streptomycin, and if the segment of 
bowel involved is not too extensive, they may delay a fatal outcome 
long ea<fUgh for adequate cofhtera} vascular channels to develop. It is 
of clinical significance that these agents ivill prolong surywal time in 
experimental intestinal strangulation, and their use is certainly indicated 
in aff cases of acute intestinaf obstruction, particulsrJy where the 
possibilities of strangulation may exist. However, under such 
stances they should be employed os an adjunct to and not as a substitute 
for early operation 
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SURGICAL PHYSIOLOGY OF PANCREATITIS 


John M. Howard, M.D.* 

The past decade has bro\ight considerable progress in the underst anding 
of acute pvancreatitis. The advances have been chiefly an understanding of 
the response of the pancreas to injury and of the cfToct of this injury on 
the body rather than in demonstrating the basic cause of the di-iensc. 

ETIOLOGY 

Ko etiological agent common to over3' patient with acute pancreatitis 
lias as yet been demonstrated. An infectious origin seems unlikely. Xo 
epidemic has ever been reporte<l. Certain features of the disease, such as 
the associated frequency of jaundice and other signs of hepatic impair- 
ment, have led investigators to inquire whether acute pancreatitis, and 
the edematous form in particular, might not represent an associated or 
“aberrant” infection of the pancreas by the virus of infectious hepatitis.* 
The question cannot yet be settled, but certain interesting observations 
have been made. 

Pancreatitis is unusual as a finding associated with epidemics of 
hepatitis but does verj* rarely occur. Conversely, biopsy of the pancreas 
and liver of eight patients with typical acute edematous pancreatitis 
revealetl marked inflammatory' changes in the pancreas but only slight 
changes in the liver.* Certainly these patients did not present typical 
histological evidence of hepatitis. Furthermore, efforts by one investi- 
gator to transmit the acute pancreatic disease to himself have been un- 
successful.* The latter c.xperiment consisted of attempts to transmit the 
disease from three patients during the first week of their illness with the 
edematous form of the disease as proved by laparotomy. In each instance 
blood serum was transmitted intravenously promptly after withdrawal 
from the patient. In addition, saliva, gallbladder bile, urine, feces, blood, 
and in one instance pancreatic juice, were taken orally, intranasall3’, and 
by ingestion in acid-resistant capsules intended to release the material 
within the intestine. Serum amylase concentrations, liver function studies, 
and sjTnptomatology, over a period of six to eighteen months, have not 
suggested pancreatic or hepatic disease. Such an experiment on a single 
subject is, of course, inconclusive but has not suggested anj' form of in- 
fectious origin of the usual “idiopathic” pancreatitis. The virus of mumps 
occasionally produces an acute pancreatitis cither as a complication or 
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lodepcndent of a parotitis. EpidemiologicaUy, this vims is hardly the 
cause of the acute pancreatitis commonly seen. Twelve patients with 
acute edematous pancreatitis have had skm tests, and several have had 
complement fixation tests, for mumps during the ensuing six months 
In no instance was there e\’idence by such tests of infection by mumps 
virus * 

Most investigators have beheved that the regui^itation of bile from 
the common bile duct into the major pancreatic duct is the chief etiologi- 
cal factor. Certainly, in the e-xpenmental animal the ioiectlon of bile or of 
bile salts into the pancreatic duct results m a diffuse inflammation of the 
pancreatic parenchjTna not unlike that seen clinically. Furlheraiore, 
study of fresh autopsy specimens rca’eals that such a regurgitation is 
anatomically possible in a majority of people.* Investigators who have 
postulated this etiology have held to the theory that fade salts, in the 
ahmhne pancreatic medium, were necrotizing and that calcium, or 
some property of the bile, activated the pancreatic trypsmcigen to the 
proteolytic enzyme, trypsin. The bile salts and the trypsin have there- 
fore been held responsible for the death and partial hydrolysis of the 
pancreatic cells 

Tn ‘0 cnticisms of this theory are evident. First, autopsies of patients 
with acute pancreatitis sometimes show such regurgitation or “common 
channel” etiology anatomically impossible in the individual patient 
Secondly, many patients have the “common channel” or anatomical 
prerequisite, but never develop pancreatic inflammation Radiologists, 
not infrequently, have shown during cholangiography that dye regurgi- 
tated from the common bile duct into the pancreatic duct (Fig. 009) but 
most of these patients give no history' suggestive of pancreatitis. How- 
ever, the theory of the reflux of bile is rather widely held and is to a lar^ 
extent the basis of the decompression of the evtrshepatic biliary tract in 
the management of these patients. 

Other mvestigatora have postulated that the cause of pancreatitis is 
the obstruction of the pancreatic ducts of a healthy, secreting gland. 
They have pointed out that pancreatic or common duct calcuh, meta- 
plasia of the pancreatic ducts, or edema of the duodenal mucosa from 
alcohol or other irritants might cause obstnictioa In criticism of such a 
concept, It should be recalled that the main pancreatic duct fr^uentl) 
communicates with the accessory pancreatic duct of Santorini whic 
empties into the duodenum several centimeters from the ampulla o 
Vater, In these patients, obstruction at the ampulla of ^ 

mon duct stone or spasm of the spbinctercf Oddi could hardly cawe o 
stniction to the outflow of pancreatic juice Moreover, surgical bp 
of the pancreatic ducts following partial pancreatectomy in 
simple bgation in experimental aminals has led only to a veo' 
pancreatitis, not to the hemorrhage and necrosis yvhich are 
in clinical practice. Yet even if the n^rgitation of-bile 
creatic ducts is the etiolo^cal explanation for the disease, the 
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tial pressures permitting the reflux of bile must offer at least a partial 
obstruction to pancreatic outflow. This, at least, seems the case in cho- 
langiography. McGowan measured the pressure in the common bile 
duct to be 50 mm. of water, whereas after morphine had produced spasm 
of the sphnicter of Oddi, 500 mm. of water pressure permitted a slight 
legurgitation of radiopaque fluid from the common duct into the pan- 



creatic duct.* The secretory pressure of the human pancreas has not been 
accurately measured while that of the liver is about 220 mm. of bile 
(325 mm. water).* The role of the gallbladder in regulating the maximal 
pressure in the common duct seems unimportant as its intraluminal 
pressure never exceeds the secretory pre^ure of the liver. Of clinical 
interest is the fact that pancreatitis occurs occasionally in patients whose 
gallbladder has been removed, again suggesting that the gallbladder 
is unnecessary in forcing bile up the pancreatic duct. 
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THE RESt>ONSE OP THE PANCREAS TO tIUUMA 

Basically, the response the panere^ to injury is similar to the 
response of other abdommal organs The irritation produces .a reactive 
mfiammation which presents a rather constant pattern on histologic 
stud}' Kdcma and vascular er^oigement are accompanied by a polv- 
morphonut'leai and lymphoc>'tic exudation. As the local edema and exm- 
dale increase, there m distention of the p‘«eudocapsule of the pancreas 
and irritation of the posterior peritoneal wall Pain results and is localized 
chiefly to the back and epigastnum Distention of the pancreatic ducts 
occur with radiation of thepam to the left side J^rf her distention of the 
biimiy tree may produce nght upper quadrant radiation of the pain ‘ 
Pancreatic pam is conveyed by the splanchnic nerves It is probable that 
inflaniniation limited to the uncinate process of the pancreas may cause 
radiation of ptim to the right lower quadrant, but m genera! radiation of 
pain trom the head of the pancreas is experimentally identical with that 
from the common duct, c)^tie duct or cystic arlerj' 

Edema, vascular engorgement, and exudate produce swelling of the 
pancreas, most commonly found in the pancreatic head Obstruction of 
the pancreatic ducts, if not an etiological factor, might result This is the 
cliaractenstic finding m cdematouspancreatitis and pathologically seems 
similar to the early picture of acute appendicitis or acute cbolecyatitra 
Like edema m these other processes, edema of the pancreas may produce 
piessurc and feecondar}' ischemta Pressure may be exerted directly on the 
branches of the pancreatoduodenal arteries and the associated veins. 
In addition, the proximity of the disease to the celiac and other sympa- 
thetic ganglia may rC'?u!t m vascular spasm Thus ischemia will pro- 
mote pancreatic necrosis which in turn mil lead to additional edema and 
exudate, additional pitssurc and additional ischemia With progression, 
as in the ischemia and necrosis of strangulating bowel, the exudate may 
change from a clear to blood-tiiigod appearance. At times, areas of ne* 
erotic pancreas may seem almost caseous m gross appearance. Finally 
there may be necrosis of the vascular walls with frank hemorrhage. 

This relationship faetiveen pancreatic edema and pancreatic necrosis 
IS not proved but such a pathogenesis for the various forms of acute 
appendicitis, acute cholecystitis and acute diverticulitis has been 
demonstratiKl Furtliermore, this relationship between pancreatic etl- 
oma, necrosis and hemorrhage han been supported by the expenmcii' 
tal observations of Popper, Xecheles and Russell* They demonstrateii 
that ligation of the pancreatic ducts and intravenous injection of secretin 
in the dog produced edematous pancreatitis. If, at the same time, the 
arterial blood supply was temporarily occluded, necrotizing and nemof- 
rhagic pancreatitis occurred instead of the edem''''"*- " ' “ 

theory of relationship between — 
criticized on 
rhage. 

Ak the pan 


devdop.*?, cdoiUvi extend^ around tlic 
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common duct, rctroperitoneally beneath the poucli of Morris-on, and 
occasionally over the right lobe of the liver. Similarly, it may ovtond 
laterally around the khlneys or rarely anteriorly along the round ligament 
to the umbiUcus. Advanced inftammation and necrosis may he associated 
with a retroperitoneal spread of eilcma and necrosis down along the aorta 
and iliac vessels to the pelvis. 

Owing possibly to the distention of the pancreatic ducts nitli resultant 
rupture of the ductules or acini or because of increased permeability of 
the acinar cells from ischemia, there is a release of the pancreatic enz^Tucs 
into the peripancreatic tissues and into the peritoneal cavity. The peri- 
toneal fluid, ranging up to sevend hundred cubic centimeters in quantity, 
is an exudate '\ith a very high concentration of protein including fibrin. 
It may be clear or contain hemolyzed or nonhemolyzed red cells. In 
addition, the three pancreatic enzymes are present in high concentration 
(Table 1). Thus there may be an enzimnatic peritonitis, for some of the 


TATd-E \ 

Pancreatic Enzymes in Peritoneal Fluii> ls .\cute Pancreatitis 


Patient j 

Amylase | 

(Somogj’i) 

I/ipatc 

i(cc N710 NaOIl) 

Tryp'in 

8.T. 1 

' >300 1 

Present 

Present 

D.D i 

> 300 

0 4 

8 3 

MH ! 

i >3500 1 

i 24 4 

7 4 

MH. 

1 23S0 1 

1 20 3 

G.O 

SO. ' 

1 1800 ' 

1 IS 1 

5 9 

Il.N' 

1 2216 

21 9 

11 0 

G.S 

1 sooo 

1 Present 

Present 

v.s 

4800 

1 31.1 

9 4 


features of the perioneal inflammation may be duo to the presence of the 
enzymes in the peritoneal cavity, although Dragstedt, Haymond and 
EIUs have demonstrated that in the absence of infection the enz>Tnes 
produce only a mild peritoneal reaction. As the pancreatic inflammation 
produces necrosis of the gland and of the surrounding tissues, the 
cnziTnes are present in the peripancreatic and peritoneal fluid to speed 
the hydrolysis of the necrotic tissue. The current concept of enz^ines is 
that they are catalysts and can only speed chemical reactions but not 
initiate them. Thus Upasc cannot hydrolyze living fat cells but can speed 
the hydrolysis of necrotic fat to fatty acids and glycerine. Ionized calcium 
can then combine with the fatty acids to form soaps, the white plaques 
of “fat necrosis.” Thus most of the necrotic fat and the greater con- 
centration of lipase are near the pancreas and adjacent viscera so it would 
bo expected that most of the “fat necrosis” would be found in these 
areas. However, as the inflammation and necrosis may spread from the 
pancreas to distant areas, and since the enzjTnes are present in the peri- 
toneal exudate, “fat necrosis” may occasionally be found scattered 
throughout the peritoneal or retroperitoneal tissues. 
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These calcified plaques may be found during the first tweaty-four houra 
of the illness. After two weeks they may be encapsulated with fibrous 
tissue and grossly may not be recognizable* Their ultimate fate has not 
been demonstrated. 

Since edematous pancreatitis may be found without evidence of “fat 
necrosis”, one might infer that the inflammation in such patients was 
not severe enough to produce tissue destruction, 3 prerequisite for the 
action of hpase 

The amylase is also released locally into the tissues and peritoneal 
fluid ('Table 1). Possibly it too reacts locally to speed the hydrolysis of 
glycogen in the tissues. No experimental data is available, how ever, to 
verify this. 

Studies of the peritoneal exudate (Tabic 1) reveals that activated 
trypsm is present. Its local action in producing hydrolj-sis of protein has 
been the basis of the “trjTJsiQ theory" of the etiology of pancreatitis 
Its presence m the peritoneal exudate does not, however, prevent the 
formation 0 / a fibrin clot in this exudate. 

THE REACTION OP THE BODY TO PANCREATIC TRAUMA 

Increased Concentration of Circulating Enzymes.— The damage to the 
pancreatic acini and the release of enzymes into the surrounding tissues 
results m an absorption of these enzymes into the blood stream. In the 
experimental animal, this absorption, at least of amylase, is partially by 
way of the lymphatics*® but is chiefly a direct absorption into the blood 
stream as the blood courses through the damaged pancreas. Note that, 
folfowing the production of axperimcntal pancreatitis by the hgation and 
subsequent injection of bile into the pancreatic ducts of the dog. the 
amylase concentration is higher m the serum from the pancreatic vein 
than m (he serum from the pancreatic arterj' (aorta)** (Fig. CIO). 
This demonstrates that the enzyme is absorbed directly into the blood 
stream and that the damaged pancreas is the source of the increment 
This experiment further demonstrates the dilution elTect in the portal 
vein and again in the peripheral blood stream. Thus the high amylase 
concentration in the peripheral blood stream may be associated with a 
much higher concentration in the pancreatoportal circulation. . 

Normally the concentration of amylase of the peripheral Wood » 
80 to ICO Somogyi units per 100 cc. of serum (and 20 to 35 SomogJ"* 


This concentration of arayla.«e in the serum is rather constant but it 0*^7 
increase to diagnostic levels ■within a few houre after 
diagnostic levels being considered any concentration over SOO Som<® 
units per 100 cc. of serum. »mnunt 

As the concentration of amylase increases in the serum, tneam 
excreted in the urine increases, a fact which was jitihzed m tne 
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diassoj^tk This iscrwised ifixw. aniTb.^ coco^traticn. s.zd ejc- 

eretioQ s^iemEzIv w mainiiained so Ion:; tts thftre b prccresHive pancreatic 
damnac, nsiiall/ faEina to a normal level after fortv-eizht to ninetv-em 
hours, .\fter eitecsive pancreatic cecro-i,**, ssz.yh.-fi tzzy almost dbappeor 
from the senim. 

SimHarlv, -ertim, lipo.-'e concentration b increaj=ed and the elevation 
may be pirjlomrefl for several days after the amyta-e concentration hjns 
Callen to normal, a fact a-hich may he of occo-^iocal help in the bte 
dioonosis of pancreatitis CntE recently, the detemmation of lipase coc- 



FIz. filO. — Concnatratica of osiyLtse ia s<»r33i of paacreatic ara»f7 fiorr.j 
paRcrearic aa«i portal vvza aftor pro<i:a:tJon of oiporiaeatal pani’r'M.'i'.s '^Corir- 
Sirzory.) 


ceatratinn reqtiired ttventy-foor hours whereas, the determination of 
amyiase concentration reqriired only thirty mrniztes to two hoiirs. The 
latter test has thfWifore been conetdered the preferable diaonnstic test in 
the presence of acute abdominal disease. Et ts of practical, interest 

that if senna fe removed from the cells and r«rmsrated_ theamyib.?e ccn- 
ccntiauon channes very little wfehia txdve hours and the te^ remains 
cHhicoEy vaM during this tcne.*^ 

The concentiatMn of trypsin m the semra cannot be accuratelv 
measured but probably, it, too, is elevated.* 

The systems action of these ctrcclatrn^ enzymes has not been dem- 
onstrated but in aE Ek e lThood they have some role in metabolism cut- 
side the bowel as them pre?<mce la the aenrm. at Iea?t of amylase, is a 
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charflctenstic of all mammaHan We.” they be hormones, tovic 

in high concentration, as arc insulin, qjtnephrine and thjToxine, espe- 
cially in the high concentration m whiA the pancreatic cnzjTnes reach 
the hver 

Hepatic Damage. — Borgstrom” gave trypsin intravenously to rabbits 
and noted a lowering of prothrombin and fibrinogen levels. Tlie fall in 
prothrombin level was cotifirmed in patients with pancreatitis but this i.s 
far from conclusive evidence of specific tnissin action, for Hver damage is 
freciiicntly associated with pancreatitis Many of the patients are jaun- 
dsc^ Cephalin flocculation, colloidal red, thjTnoI turbidity and thTiTuol 
flocculation tests verj' frequently reveal evidence of hepatic damage and 
this damage may parallel in degree the pancreatic damage.* The cause 
of the hepatic damage is not clear. It may be due to conunon bile duct 
obstruction but the stools arc seldom achohe and the jaundice may 
deepen in the presence of a functioning cholecj'stostomy. Jt may be due 
to a bacterial or enzjTnatic cholanptis as either may sometimes be 
demonstrated. Again the hepatic damage may be due to some unidenti- 
fied to.xm from the traumatized pancreas. Liver biopsies reveal minima! 
periportal mffammator}’ and degenerative changes.* In axpenmental 
bile pancreatitis, ireneus** demonstrated definite histologic evidence of 
hepatic damage consisting of generalized edema, cloudy swelling of the 
cells around the centra! vein and periportal areas, and parenchjTnal 
necrosis In some animals fatty degeneration, hemorrhage, and extemive 
necrosis of the hepatic cells were noted 

Irapainnent of Gallbladder Functloru — ^Therc is frcquontl)' a coin- 
cident abnormality of gallbladder function Many surgeons ha\c not^ 
the high incidence of gallbladder disease associated with panereatitis, 
but Silvani and McCorkle** hax'o presented evidence of impairment of 
the function of the “norma!" gallbladder during acute pancreatitis 
These authors found tliat intravenous cholecj’stography revealed a 
failure of gallbladder visualization m sixteen of twenty-eight patients with 
acute pancreatitis This phenomenon in the “normal" gallbladders 
studied persisted for approximately a week after which the gallbladder 
regained the function of dj’c concentration. The authors found no 
evidence that the failure of gallbladder visualization was due to failure 
of the hx'er to excrete the dye. 

Other Gastrointestmal Eeffets. — Tlie effect of the disease on the re^t 
of the gastrointestinal tract seems nonspecific. Refie-v nausea an« 
vomiting are charaetenstic The retroperitoneal inflammation and c 
enzjTnatic, chemical and bacterial pwitonitis produce an ileus of ' arjing 
intensity. Rarely is a patient with acute pancreatitis seen who d^ no 
initially have an absence or marked diminution of peristalsis. The i e^i^ 
associated with severe pancreatic necrosis may persist for manydaj’sanf 
the secondary' distention may simulate that seen in obstruction o 
left colon. ■ , , a!np-.<; 

Intubation of the duodenum during the first few ilays of t 
may show a temporary absence of pancreatic enzjTnes, due pr 
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to obstruction of the pancreatic ducts.- Absence of bile, however, is 
unusual. 

Cardiovascular-Hematologic Effects. — ^Thc disease is rcflectctl on tlie 
cardiovascular-hematologic system by hemoconcentration and decrea«ed 
blood volume. Varying degrees of peripheral vascular shock may occur 
as with any other form of peritonitis or intra-abdominal necrosis. 
Tachycardia and occasional rise in the blood pressure occur. This 
hypertension and injury* to the myocardium as reflected by electro- 
cardiograms iiavc been attributed to the action of trypsin,' but it is 
quite likely that these changes arc nonspecific. 

Leukocytosis, of course, occurs as the white blood cells are mobilized 
as a result of necrosis and infection. Hypocalcemia has been reported'^ 
and attributcrl to the removal of the circulating calcium ions to form the 
soaps of "fat necrosis,” but calcium excretion stiulies have not been 
reported. Tetany must bo a rare sequoia if, indeed, it ever results. 

Hyperglycemia is a common finding during the acute illness. This has 
been attributed to the destruction of the islet cells by the inflammatory’ 
process. However, since the islet tissue contains insulin, one might c.\- 
pect a release of insulin, as with amylase and lipase, resulting in a 
transient hyperinsulinism and hypoglycemia. Such a hypoglycemia has 
not been noted. The release of epinephrine by sympathetic stimulation 
may be partially responsible for tlie elevated sugar concentration. .Vgain, 
the systemic action of amylase has not been demonstrated and in high 
concentration it conceivably might cause the hydrolysis of stored carbo- 
hydrates and the release of glucose to the blood stream 
Respiratory Tract. — The manifestations of the disease on the respira- 
tory tract seem only to be the liigh incidence of pulmonarj’ atelectasis 
secondary to the paralytic ileus and abdominal distention. In addition, 
pleural elTusion m.ay result from the subdinphragmatic inflammation. 

Impaired Wound Healing. — -Wound licaling is frequently slow in 
these patients. This is in part due to ischemia as the patients are usually 
obese and distended. A transient diabetes may affect wound healing and 
encourage wound infection. Nutrition cannot be maintained in the 
patients with progressive necrosis. As a result, the incidence of wound 
disruption is higher than in most nlxiominal diseases 
Infection. — The cause of death from pancreatitis is toxemia, and the 
cause of the toxemia seems to be infection. Infection may not be a 
primary factor in the etiology of pancreatitis but, if not, secondary* in- 
va.sion of the inflamed pancreas, the bile and the peritoneal exudate is 
frequent. Cultures taken from the pancreas which is mildly inflametl arc 
frequently sterile but, as the inflammation progresses, invasion bv 
pathogens is favored by the presence of ischemia and necrotic tissue. 
Experimentally, sterile pancreatic juice in the peritoneal cavity does not 
produce a profound toxemia, but infected pancreatic juice produces a 
widespread necrosis, toxemia, and death of the animal.* 

Cultures of the bile and pancreas from the last fifty patients with acute 
pancreatitis studied at tlie Hospital of the University of Pennsvlvania 
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u-ere positive in thirty-five instance (70 per cent) at the time of opera- 
tion The cultures were positive in almost every instance where late 
operation was neceasajy because of necrosis. Occasionally the organisms 
were of doubtful pathogencity but the presence of virulent gram-positive 
and gram-negative organisms can be anticipated in a high incidence of 
patients 


TRAUMATIC PANCREATITIS 

Because of its position in the retroperitoneal space, overlying the 
v ertebrae, the pancreas is seldom mjuf^ by avternal force. Traumatic 
pancreatitis results nearly always from a direct injury, that is, a stab 
wound or other penetrating injury. Infrequently, injury of the pancreas 
may occur by indirect transmission of force from a blow on the anterior 
aWotnmal wall This represents injury to a healthy, functioning gland. 
Xeerotic tissue is usually minimal and neither bile salts nor activated 
trypsin is present in the pancreas. In the absence of associated iniuries, 
the manifestations are usually those of a slowly developing retroperi- 
toneal collection A period of latency of several days may exist but, as 
the secreting gland continues to function or develops a temporarj' 
secretory inhibition and recovers, pancreatic fluid accumulates, usually 
outside of the capsule. As the fluid follows cleavage planes, it may present 
laterally or retroperitoneally over the sacral prominence. Very high con- 
centrations of the pancreatic ensymes may be found in the serum in these 
patients Shallow and IVagner reported a serum amylase conceofration 
of 6400 units m a boy who had experienced a nonpenetrating abdominal 
injury,” The patient, aged 8 years, withstood the injury almost on an 
ambulatory basis Again it should be emphasized that traumatic pan- 
creatitis differs from the more common type hy the absence of necrotiz- 
ing ageuts, by the presence of a healthy biliary tract, and possibly by the 
absence of pancreatic ischemia. 

HEALING OF PANCREATITIS 

The pancreas heals by fibrosis and probably by regeneration. 

The cmreiit theories of pathogenesis do not fully expiaia why 
flammation is reversible ui^ess the otetruction at the sphincter of Oddi 
or of the pancreatic ducts is released, or a secretory inhibition of the 
pancreas might contribute to the recovery by lessening intraglanduiar 
pressure. 

In experimental bile pancreatitis,^ edema and other inflammstoiy 
changes begin subsiding during the first week. By the end of the brs 
week, fibroblastic tissue has proliferated to fill the intplobular spac^ 
and distort the acini and lobules. Meanwhile, the acinar cells wnic ^ 
retain their basement membranes intact recover and prestos j 
retain their ability to function. At the same time, the necrotic 
undergo autolysis and seem to be, in part, replaced by ductal pro i e 
tion.»-*“ 
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In the mild, edematous pancreatitis (experimental), histologic re- 
coverj' is almost complete in ten to fourteen days and the pancreas 
cannot be difTcrentiated from a normal gland. If the pancreatitis is more 
severe with patchy necrosis, and hemorrhage, histologic recovery is 
complete in one month but residual fibr(»is and distortion of the acini 
remain.'* 

Clinically, the exudate gradually absorbs but the edema may persist 
for several months after symptomatic recover^’. Tlic areas of “fat 
necrosis” become encapsulatc<l and may not be recognizable one month 
after the initial attack. 

Functional recover>% as manifested by the secretion of enzymes into 
the duodenum, usually takes place within the first week unless the 
necrosis of the pancreas is progressive. With repeated episodes of pan- 
creatitis, this secretion may gradually decrease as the acinar tissue is 
destroy^ and finally with fibrotie obstruction of the ducts, may dis- 
appear. Histologically, such a pancreas reveals marked cirrhosis with 
relative prcsciv’ation of the islet tissue. 

Massive necrosis and hemorrhage may heal by fibrous encapsulation 
giving rise to the pscudocyst. Such a cyst, like the subdural hematoma, 
may still contain blood several months later. The designation of “en- 
capsulated hematoma” changes to “pscudocyst” as the old blood is 
absorbed. Some of the fibrous lined cysts contain p.ancreatic enzymes 
oven though sometimes no communication with the pancreatic ducts can 
be demonstrated. 

THE PHYSIOLOGICAL ASPECT OF TREATMENT 

The measurement of the serum amylase concentration as a short, 
diagnostic test of acute pancreatitis permits the clinician to outline a 
definitive course of therapy. 

Application of the physiological principles to treatment of acute pan- 
creatitis has centered around : 

1. Decompression of the biliary tract and prevention of reflux of bile 
into the pancreatic ducts. 

2. Prevention of ischemia to the pancreas. 

3. Treatment of the associated peritonitis and its sequelae. 

4. Drainage o! pancreatic collections. 

, Intubation of the biliary tract permits its decompression and so tends 
to prevent reflux of bile into the pancreatic ducts. This has the practical 
advantages also of permitting drainage of infected bile, diagnosis and 
treatment of acute biliary tract complications and may be combined 
with drainage of pancreatic collections. It also permits cholangiography 
at a later date. Morphine produces spasm of the sphincter of Oddi and so 
should be avoided. Conversely, atropine may be used in an effort to 
decompress the common duct by relaxing the sphincter— an action which 
has not been conclusively demonstrated. Doubilet and MulhoUand have 
suggested div'ision of the sphincter of Oddi to prevent recurrences.' 
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Efforts to prevent pancreatic ischemia have centered around splanchnic 
nc5 VC and ceijac ^ngiiou procaine blocks, drainage ol the pancreas to 
lessen mtracapsular tension, maintenance of normal blood volume and 
iiemoglobin content, and maintenance of pulmonary aeration by pre- 
\ ention of puIfnonar 3 ’ eomphcations. 

Similarly m an effort to stop secretion of Uic acini, the indirect stimulus 
i>{ food in the stomach should be avoided, and some investigators-*-" 
h.a e suggested irradiation of the panercase to depress secretion. 

The treatment of the peritoneal irritation and infection has consisted 
of maintenance of blood volume, chemotherapy and antibiotics, and dc- 
compicssion of the gastrointestinal tract. 

The application of these principles has faulted in a marked decrease 
III mortality fiom this disease, the greatest decrease m mortalityhaving 
h>!lo\>.ed the introduction of antibiotics. 
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CLINICAL EXPERIENCES WITH SURGICAL LESIONS OF THE 
PANCREAS 

.loN’ATHAN E. Riio\ds, M.D.,* Joiin^ M. Howard, M.D.f and 
N. Henry Moss, M-D.J 

The pancreas, because of its position, its blood supply and its essential 
role in metabolism, was long kno^\*n as the hermit organ of the abdomen 
and for many years surgeons seldom attempted any operations upon it. 
With the development of modern adjuvants to pancreatic surgery in the 
last ten years and largely due to the pioneering efforts of ^Vhipple, 
Brunschwig, and others, operations arc now being done for acute pan- 
creatitis in its various forms, for chronic pancreatitis, for chronic re- 
lapsing pancreatitis, for pancreatic calculi, for cysts of the pancreas, for 
pancreatic carcinomas, and for adenomas or hj'perplasia of the islet 
cells. 

The purpose of this paper is to discuss the pros and cons of some of 
these operations and to make an attempt to evaluate some of them from 
the standpoint of operative mortality and prognosis. It must be said at 
the outset that any such evaluation must be tentative, and in some cases 
purely preliminarj’, because the experience acquired so far is limited and 
much is yet to bo learned about the physiological problems involved in 
pancreatic surgeiy. 

Our experience at the Hospital of the University of Pennsylvania has 
been reviewed for the period 1932 to 1940 in an attempted sur\’ey of 
this held. Table 1 shows the distribution of these cases in the various 
categories. 


ACUTE PANCREATITIS 

Acute pancreatitis comprises acute edematous (interstitial) pancreati- 
tis, with or without fat necrosis,' acute hemorrhagic pancratitis and acute 
necrotizing pancreatitis. Most authors use the last two terms synony- 
mously, but the differentiation between the cases with edema and fat 
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necrosis and those with hemorrhagic and necrotizing pancreatitis is 
not always clear. 


TABLE I 

SuROicAL Lesions oe the Pancreas 
Hospital of the Umvereity of Pennsylvania, 1932-194!) 


Diagnosis 

No of 
Cases 

Incidence in 
Entire Series 

Carcinoma of the pancreas 

. 65 

37.6 

Acute edematous pancreatitis 

3S* 

26 0 

Acute necrotuing or scute hemorrhagic pancreatitis 

16 

11 0 

Abscess of the pancreas 

1 

.7 

Chronic pancreatitis 

11 

7 5 

Pancreatic cjsta and pseudocysts 

8 

5 I 

Cjstadenoma 

I 

.7 

Pancreatic calculi 

4 

2,7 

Chronic relapsing pancreatitis 

4 

2 7 

Tumors of the islands of Langerhans 

6 

4 0 

Ectopic pancreatic tissue 

3 

2 0 

Total 

147 

100 0 


• Five treated without operation 


TABLE 2 

Acctb Pancreatitis 

Hospital of the University of Peonsylvania, 1932-1049 


Necrotulng 

and 

Hemorrhagic 

Total number of cases 16 

Temperature (on admission) 

JMimmum 90 0 

Maximum 102 0 

Average 09 6 

U'hite blood count (on admission) 

Minimum 10,000 

Maximum 33,500 

Average 16,706 

Pulse (on admission) 

Minimum CS 

Maximum 116 

Average 5 

Respiration (on sdmissian) 

Minimum IS 

Maximum 32 

Average - 24.7 


Edematous 

3S 

97 4 
101 2 
90 0 

6,700 

34,800 

16,335 

64 
128 
92 0 

20 

38 

24.4 


There arc those who take the point of xiew that hemorrhagic pan- 
creatitis IS a separate clinical entity because the mortality is liighcr. This 
we find difficult to believe. /Umost any serious disease could be divided 
betxvcen the milder and the more severe cases on the basis of one criterion 
or another. The situation is further complicated by the teaching in the 
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older textbooks that operation should not be done in acute pancreatitis. 
Thus, in many patients presumed to have had pancreatitis, a definite 
diagnosis u'as never established unless it was eventually confirmed at 
autopsy. In recent years, the scrum amylase has proved useful in making 
the diagnosis of acute pancreatitis preoperatively, but it is unlikely that 
it can be relied upon to distinguish between the edematous and the hemor- 
rhagic forms of the disease. 

As Table 2 indicates, the leukocyte count, the temperature elevation, 
and the pulse and rcspiratoi^' rates were of no value in making such a 
differentiation. The ago range and sex distribution arc likewise of no real 
assistance (Table 3). 


TABLE 3 

SORGICAI. LeSIOKS OF THE PaNCREAS 
HospUal of the Umvcreity of Pennsylvania, 1032-1949 



Per 

Cent 

1 Male 

Per 1 
Cent 
Fem.ilc 

Young- 

est 

Oldest 

.Average 

1 Age 

Carcinoma . . 

1 55 C 

44.4 

35 I 

78 

57.6 

^emalous pancreatitis 


80.0 

19 1 

72 

42.8 

Kecrotizing pancreatitis 

30.8 ' 

C9.2 

33 

85 

52.5 

Chronic pancreatitis 


50 0 

3S 

63 

53 8 

Pancreatic cysts ... 1 


50.0 

C 

53 1 

35.1 


As a working hypothesis, it seems wise to regard all acute pancreatitis as 
potentially dangerous. For example, in two cases in our files, the patients 
showed relatively mild symptoms with tenderness most prominent in the 
right lower quadrant. Both had appendectomies and the diagnosis of 
acute pancreatitis was not made at operation. Both became gradually 
sicker and died three to four days postoperativcly and at autopsy 
had hemorrhagic necrotizing pancreatitis. Certainly, they did not present 
the dramatic picture of hemorrhagic pancreatitis at the time of admission 
and it seems possible that they began with edematous pancreatitis, 
which progressed to the more severe form of the disease. 

Another point in favor of regarding edematous and necrotizing pan- 
creatitis as two forms of the same disease, is that there have been six 
patients who recovered from edematous pancreatitis at this hospital who 
developed subsequent attacks of pancreatitis. Two of these had hemor- 
rhagic pancreatitis and died. 

It is not easy to interpret the mortality figures for acute hemorrhagic 
pancreatitis from the literature. In the fulminating forms of the disease, 
diagnosis is often so uncertain that operation is done even by those 
surgeons who believe in nonoperative management of pancreatitis. 
Operative results in themselves are controversial. Paxton and Pajme' 
in a recent statistical review of a large series of cases of acute pan- 
creatitis, found that there was an over-all mortality of 33.3 per cent. 
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Among the patients who were operated upon as emergencies, the mortality 
was 44.7 per cent, while in the group who were not operated upon the 
mortality was 21.3 per cent. This, the authors felt, was equally true for 
either the acute edematous or hwnonhagic variety. However, if opera- 
tion is not done, no one can ever be entirely certain whether or not the 
patient had hemorrhagic pancreatitis, unless the patient dies and 
autopsy is performed. 

Since penicillin has become available, the mortality of acute pancrea- 
titis has been markedlj’ reduced. In our series, there ivas a reduction 
from 18 per cent to 3.2 per cent. Analysis of the figures reveals that the 
edematous form dropped from 9.7 per cent to zero, while the hemor- 
rhagic and necrotizing types of acute pancreatitis showed a reduction in 
mortality from 45 per cent to 20 per cent (Table 4). The single death 
encountered during the penicillin era (1945-1949) resulted from hemor- 
rhage and necrosis of the entire pancreas. 


TABLE 4 

MOflTAlJTT Of AcVTZ pAfiCBSArms 

Hospital of the Upivrwty of Pcnnsylvariia, 1932-1919 


1 

Edematous 

llmorrhtieSe 
aod Nrerouring 

Total 


Ko, o[ 

Mortal- 

No. of 


No of 

Mortal- 


F^tients 1 

ity 

Patients 

Ity 

Patients 

Uy 

1033-1915 

31 ! 

9.7% 

11 

45% 

44 

18 % 

1945-1949 

20* j 

0 

5 

50% 

81 

3.2% 


* locludes 5 patients treated without operation 


The usual operation is cholecystostoroy and drainage of the pan- 
creas The latter is accomplished by incising the peritoneal attach- 
ments of the descending portion of the duodenum and placing drains 
against the head of the pancreas behind the duodenum and by opening 
the gastrocolic omentum into the lesser peritoneal cavity for drainage 
of the body and tail of the oi^an. 

The cholecystostomy is carried out because it is thought that many 
cases of pancreatitis are due to a reflux of bile into the pancreas, as a 


from a number of studies. It was further confirmed at the Univ’ersity ot 
Pennsylvania a few years ago in a careful study of autopsy material at 
the Philadelphia General Ho^ital.* In a series of 150 individuals^ a 


choledocholithiasis and acute cholecystitis recorded in our senes as wi 
as the occurrence of hyperbilirubinemia is sho^vn in Table 5. 









RUUaiCAI* LKBIONB OP PANCUOAH ISOfi 

Tlui UHQ of dmins for tho pi«u*n*ns Ustdf is \mscd, partly ot» tho noal 
for an avcnno of escape for neerolio panereutio (isstio and jms, and, 
partly to provide an exit for the panercatio enr.yinea which appear to he 
released into the peritoneal cavity. Ilia well Icnown that siinph' pnnere- 
atie fistidns, sometimes produced in operationH for duodenid tdeer, are 
seldom fatal as lonR as drainnuo to tho ontsido is estahlished. 'I’he sitna* 
lion in acuto pancreatitis is differi'nl in that tho proteolytic enr-ymes 
appear to bo activated. However, this wotdd seen\ to ho only an addi* 
tionul reason for providinjj drninnKe. 

Further review of the ex\H‘nouce at tho Ihwpital of tlto University of 
Pennsylvania revealed additional rases fron\ tlio jvntopsy hies in which 
no purposive operation was done. We shall not attetn)>t to specify the 
j)er cent mcjrtalily of nonoperative Iri'atment hecjttiso tljero is j»o way t)f 
knowioK Iiow many ]iatients not opemtwl upon actually l»ad tho disease. 
Sullice it to say, that of the twenty patients who ilii'd with this eondltion 

TAPhK f> 

I’ANCIIBATITIS 

tfosptlat vlifl tfntvctAtly of PonusyWuula, lOTi-lOlO 

llrmorriinidc 

nait 

Fili'jantmm NrorotUlan 


Nuinl>cr ot piilionts sUuUod 

Rcrua\ hhicvililtv 

f.7 

in 

0 to 0,fi ICK. pi'r ion CO. 

11% 

•in% 


O.fi to 2.0 a^K. per 100 co. 


Ovor 2.0 inK. i*or 100 co 


100% 

111% 

Acuto rliolccyntillH, . 

-1% 

CiioIntitliiriHiH 

•11% 

r.ii% 

CholndooholithUiilN 

r.% 

37% 


since 1022, cloven or Gfi per cent oitUor had u<v operation or an ivrehwant. 
operation not directed aKainsl lljo pniicnvitic flisjviw'. 

In mimmary, wo Imvo to date employed mi oporallvo treatment in tho 
mananemont of most pationts with acuto pancixuvlitis hecanso of tlio 
following considerations: 

1. Decompression of tho hUiury tract n^dueeH l.lm prol>a!)i))l.y of rellu.x 
of hllo into tho pancreatic ducts. 

2. Acuto biliary tract complications uro discovered and treated. 

Jl. Enzyme tests do not difforcnliato l>ctwe(‘n ))rimiiry pancreatitis 
and pancreatitis secondary to innammation iti an atljmsmt oipu)-~o,j'., 
perforated postcri()r \dcor. 

•I. Operation permits tiio cstalilishmcut of dcaincKo tracts for necrotic 
or infected pancreatic tissuo, lluid conUvininK panereutio onzymoM and 
infected bile. 

r». Operation provides a means of later oxmnininf' the eoimnon Idle 
duotrocntKonoIoKieally.With tho combined use of operative intervention 
and a peritonitis rcRimo postoi>craUvcly, tho mortality has declitied to 
3.2 per eent in (ho last thirly-ono casos. 
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oWtive swrgerjr to the pancreas or the 
♦He residual 

mfiatnmaUon is evL... . times still 

been quite marked three or four mouiiw i recoverj', 

y — recommend cholecystectomy after emergency 

‘ , ■ ''f calculous cholecystitis, 

titis may later m-xi--.... 


CHRONIC PANCREATITIS 

Chronic inflammation of the pancreas may mnge from moderate 
fibrosis with vague digestive disturbances and epigastric pain to chronic 
enlargement of the pancreas with jaundice and cachexia which is dif- 
ficult, if not impossible, to differentiate from malignancy. That pancrea- 
titis can at tunes mirnic carcinoma, even to the production of common 
duct obstruction, is attested by the occasional recovery and prolonged 
survival of patients with supposed carcinoma following cholecj-sto- 
iejunoslomy. Under such circumstances, radical operation has been 
performed by experienced surgeons, without malignancy being found on 
pathological evammation of the resected specimen. 

CHRONIC REtAPSWG PANCREATITIS 

This disease entity represents the severe forms of chronic pancreatitis 
, • '•’> owcerbatioDS separated by long or short periods 

• • tQ jhe pancreas prob- 

„ ^ n be demon- 
strated clmicalii' ’cas may be 

revealed by decreased volume and couceuvi.. atic enz^vnes 

m aspirated duodenal juice, excess nitrogen and excess total and unsplit 
fat m the feces, diabetes, calcification rn the pancreas ns demonstrated 
by x-ray, or, fomiation of pseudocysts. 

Perhaps the syroptomatolt^ is best outlined by a patient whom we 
followed for several years After a gallbladder operation performed else- 
where, ho had persistent symptoms at the time of his first admission to 
the Hospital of the University of Pennsylvania. Ilia common bile duct 
was explored but the only positive finding was a swollen hard pancreatic 
head. A biopsy showed fibrosis. In this instance there was a small collec- 
tion of bloods'- fluid which xve aspirated through a needle from the bead 
of the gland. 

The patient did well for seN'etal months but failed to gain weight. 
He then returned with nausea, vomiting, and epigastric p.xin. Gastro- 
intestinal films and biliary drainage were negative He was carried 
along symptomatically until it x'ras postulated tliat his vomiting was 
due to interference with the mobility of h«s duodenum and a gastro- 
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enterostoTRv ^vas performocJ. His vomiting subsidod, but tho bouts of 
epigastric pain persisted. Flat films of tbc abdomen revealed a bazN’ area 
in the region of the pancreas, interpreted as calcification in the paren- 
chjTna of the gland. As time went on, this became more dense, the attacks 
of pain continued at intcia’als, and the patient developed frank diabetea 
and required insulin. In such patients in whom the diagnosis of clironic 
pancreatitis and pancreatic calcification has been established and uho 
fail to respond to conservative therapy, some authors believe that there 
is indication for radical resection or even total pancreatectomy. Such 
procedures have been done in a number of patients at other surgical 


TABLE 6 

CnnoKic Rcutrsixc PAS*cnE.^.Trns 
Hospital of the University of Pennsylvania, 1932-104!) 



1 

Ageind 

Sex 

Epigii" 
trie p»ia 

Pincrcisl 
by X-nrj 

Dilbctn j 

rgoantic i 
Enryinw in j 
DuMfcxl 

Of>eniiott | 

Result 

W.F 

fen 

3 jm. 

Y« 

1 

1 il yn 

' Kot<lone 

1 r*ni*l FAbov 

1 ttretoDy 1 

ltw«mrt»te ro- 
1 li<>f Died 
in months 

JT 

3UI 

1 

Syrs. 

Y« 

6 yr» 

All nor- 

1 (0*1 

! 

BIlatmlliiBi. 1 
j bo dm»l 1 

1 lympetb. | 

■ (ctomy j 

Psia relieved 

vro 

eiM 

Jyn. 

Y« 

1 

' DUbeti«sucxr 1 
toUraiw* 1 
1 eurre 

1 .AU b*l<5w tw- 

(M) 

1 Total Fob. 1 
1 m*»etoiay ] 

1 Psi&retieeed 

1 


TRAUiiATic Pancreatitis 


G S.* I {O'M 8 moQ. No DisTwiic suev Multipto ct. Died of eQd» 

lolenoce plontiona cuditia 

I ear*e vith dnia. 

I age of pan* 

I creis and 

I gallbUdder 

• Previously reported by DeMutb and Rjtweoo” 

clinics with complete relief of pain to prove the efficacy of the operation. 
In the case of this patient, during the third year of his disease, he was 
again explored and we resected the tail and body of the pancreas. This 
afforded but incomplete relief. Before the symptoms had become severe 
enough to lead us to complete the pancreatectomy, the patient developed 
a gastrojejunocolic fistula of which he died. 

Before another case of this tjqic was encountered, Rienhoff and his 
associates^ had reported relie^*mg such a patient by interruption of the 
greater and lesser splanchnic nerves, the sjunpathetic chains, and both 
vagi. The plan of this procedure is to render the patient incapable of 
feeling the pain arising in the pancreas. With a thoracolumbar sj-rapa- 
thectomy alone, Smithirick* in 194Q demonstrated complete relief of 
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pain in a patient with multiple calcareous deposits. Subsequent studies 
by Ray and Neill, « and by Grimson and hU associates^ have confirmed 
the value of such a procedure. In some instances, such a resection only 
on the right side has been sufficient. Doctor Ray recently stated that 
vt was sufficient to resect from - ’m • i 

lesser splanchnic nerves on bo 
relief obtained by the use of , 

as a diagnostic procedure and in several cases has advised the use of 
splanchniccctomy provided the patients obtained relief with repeated 
injections of the splanchnic nerves Benefits from such an approach to 
the problem are that the procedure is of far less immediate hazard than 
radical resection and does not carry with it the certainty of diabetes 
that is caused hy a total pancreatectomy. 

In June 1947, another patient presented with a diabetic sugar tol- 
erance curve, calcification in the pancreatic area, and recurrent attacks 
of pam which had plagued him for five years. He had had a cholecystec- 
tomy two years earlier by a very experienced surgeon who noted thick- 
ening of the head of the pancreas at that time. Duodenal intubation 
revealed almost complete absence of pancreatic amylase, lipase, and 
trypsin. On the basis of this evidence, we felt sufficiently sure this pa- 
tient had chronic relapsing pancreatitis to omit biopsy and to do a right 
dorsolumbar sjTnpathectomy two months later. Improvement was 
transient and a left lumbodorsal ^unpathectomy was necessary. Since 
then, the patient has been free of pain and has been able to give up the 
use of narcotics. 

Opponents to the use of sympathetic surgery for the relief of pain for 
chronic pancreatitis believe that it should be rescn,'ed for those patients 
in whom the inflammatory process is in the end stage of calcification. 
OtherNvise, exacerbations of the disease may go unnoticed after this 
procedure and it is not unknown for a patient to have bouts of fever 
attended with slight tenderness on pressure as the result of development 
of pancreatic infection or necrosis, but to have no spontaneous pain 
because of the sympathectomy. 

In many of these patients, a diabetic tendency is already demonstrable 
and the external secretion of the pancreas is greatly reduced in its 
enzyme activity, so that there is not much to be lost by sacrificing the 
entire pancreas. After total pancreatectomy the insulin requirement 
is considerably lower than that of some severe diabetics. In RTiipple’s 
review® of fourteen cases of total pancreatectomy together with three 
subsequently reported eases,^*- “ the average insulin requirement was 
32 units. Hypothetical calculations based on experiences with depa^rea- 
tized animals by various investigators before the development of modem 
pancreatic surgery varied from 70 to 300 units for the average theoret- 
ical requirement to maintain normal carbohydrate metabolism m man. 
This discrepancy remains unexplained. Owing to the absence of pancr^ 
atic enzymes after total pancreatectomy, digestion and absorption of 
fat and protein are moderately impmred. The administration of pancrea- 
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tin as a substitute for pancreatic juices is iielpful but is not always 
completely effective. 

In February 1948, a total pancreatectomy was carried out in a man of 
62 years, who had classical symptoms and findings of chronic relapsing 
pancreatitis. The operation was made difficult by an extreme degree of 
fibrosis around, as well as in, the pancreas. In this case it required six 
and a half hours. The postoperative course was extraordinarily interest- 
ing. After a stormy period of four days, during which time it was neces- 
sary to increase the insulin intake to over 100 units, the patient improved 
and the insulin requirement was stabilized at about 45 units. Gastric 
acidity was low. The depancrcatized patient tends to develop a fatty 
liver unless choline or some other lipotropic substance Is given, so choline 
was started by mouth on the eighth day, 1 gm. per day. Several days 
later, pancreatin, 15 gm., was started and on this regimen the patient 
had normal appearing stools and gained some in weight. 

It is evident that there are several methods of meeting the problem 
of chronic relapsing pancreatitis; the first, to interrupt the afferent 
nerves and let the pathological process alone as by thoracolumbar 
sympathectomy, or successful regional splanchnic blocks followed by 
splanchnicectomy ; the second, is to resect the pancreas. A third possi- 
bility is the ligation of the pancreatic ducts. Cattell” believes that much 
pancreatic pain is due to distention of the duct and has suggested anas- 
tomosis of the duct of Wirsung to the jejunum. More experience and a 
satisfactory postoperative follow-up over a long period of time will be 
needed to evaluate these methods, but at present sympathectomy or 
splanchnicectomy appears to be the more conser\'ative approach. 

PANCREATIC CALCULI 

Pancreatic calculi usually occur in persons past 40. As they are usually 
composed of calcium carbonate deposits, they are radiopaque but may 
be misdiagnosed as calcified mesenteric liodes, pbieboVitbs or gallstones. 
The pain produced is usually epigastric with reference to the back at 
about the eighth dorsal segment and is commonly intermittent. Pan- 
creatic calculi are often associated with chronic relapsing pancreatitis, 
in which disease calcium is laid down in approximately half of the cases 
either in the parenchyma as regions of calcification or in the ducts as 
stones. The calculi are usually multiple, may appear in the head, body 
or tail of the pancreas, or the entire organ may be outlined. 

Undoubtedly, pancreatic calculi account for occasional instances of 
the so-called postcholecystectomy syndrome. So far as we know, they are 
not frequent in patients with acute hemorrhagic pancreatitis. In the 
series we have reviewed, calculi were encountered seven times. In three 
of these patients, they were associated with the clinical picture of chronic 
relapsing pancreatitis. While it is imusual to be able to remove the 
smaller stones at operation, the removal of the stones located in the 
larger ducts is usually accomplished by cutting across the parenchyma 
of the pancreas to the duct of Wirsung. 
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CYSTS OF THE PANCREAS 

Pancreatic cysts are of two main types — the true cysts arising from 


\nth a high titer of pancreatic enzymes. During the 1937 to 1949 period, 
we have had six examples of the true cyst and two of pseudocj'sts. The 
largest of these true cysts was about 7 inches in diameter and arose in 
the body of the gland. We have also bad one patient with a cystadenoma 
of the acinar cells. This was resected. That pancreatic cystadenomas are 
rare is substantiated by the recent review of Benson and Gordon" who 
were able to collect only twenty-eight surgically explored cases, including 
one of their own, from the literature. Of these twenty-eight cases, 
complete excision of the tumor was accomplished in tv enty-one cases 
with an operative mortality of 20 per cent. 

Of the two pseudocysts, one was a classical ease In which the leader 
of an itinerant Scotch clan was shot in a feud. The bullet vent through 
his abdomen and he was taken in shock to a private hospital in the 
vicinity where, after several transfusions, he Tallied but ran a febrile 
course with pain in the lower chest and signs of fluid in the left pleural 
cavity. Over a period of five weeks, a la^e mass developed in his left 
upper quadrant and it was for tlus reason that he was transferred to 
Philadelphia. At operation, more th.*in 4 liters of wat ery fluid were drained 
from the cyst which occupied the lesser omentum. The edges were mar- 
Bupialized and the tract drained for sixteen months. 

In the case of the tnie cysts, complete excision is usually desirable. 
Frequently this necessitates amputation of the left side of the pancreas. 
When large, however, these cysts arc sometimes marsupialized and, 
while this is a procedure of second choice, it often works satisfactorily 
and may be wiser than the acceptance of the risk of a very difficult 
surgical procedure The walls of the cysts may be painted with one of the 
destructive chemical agents in the hope of killing the excretory celk 
lining the cysts. Of the six cases of true cyst encountered, all were 
excised completely except one largo one which was intimately attached 
to the superior mesenteric vein. After injunng and repairing the vein 
twice in an effort to separate the cj'st completely, it vas decided that 
the risk of irreparable injury to the vein was so great that it wouW be 
better to leave a small portion behind. This area was drained for several 
months and caused no trouble in the suteequent three to four yeare. 
Eventual!)', liowever, fluid reaccumulatcd and had to be drained again. 
These nine lesions have been resected (seven) or marsupialized (two) 
without fatality. 


CARCINOMA OF THE PANCREAS 

The subject of pancreatic carcinoma has received so much attention 
lately that everyone is more or less familiar with the recent deieop- 
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ments. It is the chief indication at present for total pancreatectomy. 
While the operation is being carried out quite widely, it cannot be said 
to be fully evaluated as yet. When Whipple collected the available ex- 
perience with it in 1941, the longest survival had been under three 
years. Since then, there have been a few cases with sur\'ival for longer 
periods, but it is still too soon to state that the operation is curative. 
Certainly, for the vast majority of patients, it must be regarded as 
palliative. 

There is a growing opinion that radical resection should be reserved 
for ampuUaiy malignancies without extension or very carefully selected 
cases of carcinoma of the pancrc.as where there is no infiltration of 
adjacent blood vessels or metastascs to regional IjTnph nodes. In the 
experience of Cattell and Pyrtek (15), who recently reported sixt 3 ’-ono 
examples of pancreatoduodenal resections, including fiftj'-six for car- 
cinoma (representing an operability rate of 34 per cent) and five for 
benign disease, there was a 5 per cent operative mortality for ampuUary 
carcinoma as contrasted to a 10.7 per cent morlalily for patients with 
carcinoma of the head of the pancreas. Follow-up studies of those sur- 
viving the operation revealed that 25 per cent of the patients ^\ith 
carcinoma of the ampulla of Vatcr without extensions were living and 
well after five years and 50 per cent were living three years or more 
follo^ving resection. Of the patients with carcinoma of the head of the 
pancreas, however, only one patient out of thirty surx'ivcd three years 
or more. 

The difficulty in removing the pancreas lies largely in the arrangement 
of its blood supply and in its relations with the duodenum, common 
bile duct, and the radicals of the portal vein. Tlie head of the pancreas 
shares its blood supply with the duodenum through the superior and 
inferior pancreaticoduodenal arteries, and the bodj’ and tail of the 
pancreas derive their blood supply chicfll’ from the splenic vessels which 
lie along Ibe superior margin of the gland and sometimes appear to be 
within its substance. Total pancreatectomy, therefore, requires sacrifice 
of the duodenum, the lower part of the common bile duct, and fre- 
quently of the spleen, though careful dissection and the ligation of 
numerous branches may enable one to dissect the tail and body of the 
pancreas away from the splenic vessels, leaving them intact. 

The most difficult part of the operation is often the dissection of the 
gland from the superior mesenteric vein prior to its junction with the 
splenic vein to form the portal. Tlie neck of the pancreas lies on top of 
this vessel, but the head curves around it and the uncinate process may 
actually lie behind it. This part of the operation should not be under- 
taken unless one is prepared to suture lacerations of the portal vein at 
points where small tributaries enter it from the substance of the gland 
and are at times tom off even with careful dissection. 

One of the really difficult decisions at times is to know whether an 
area of induration in the head of the pancreas represents carcinoma or 
the fibrosis of chronic pancreatitis. In some instances, frozen section may 
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be of help, but the pancreas is not an easy organ from which to get a 
representative biopsy and usually the decision has to be made largely 
on the gross findings. 

As most carcinomas are in the head of the pancreas (55 to 70 per cent), 
surgeons have generally been content to remove only this area. Usually 
there is ample islet tissue in the remainder to prevent diabetes. There 
is some disagreement as to whether or not the pancreatic duct should 
be anastomosed to the iejunum ^ong with the biliary tract and the 
stomach. In the original Whipple operation, this was not done, but it has 
since become increasingly common to do it. Brunschwig, however, takes 
the point of view that the acinar tissue of the gland degenerates even 
if the duct is anastomosed to the jejunal mucosa and he does not believe 
that it is a worthwhile step.’* 

In all large series there has been considerable moitality. Yet, the 
operative risk has been steadily reduced in the last five years. In 193 
cases of radical operations from five different surgical clinics, including 
sixteen total pancreatectomies, not all for carcinoma, the over-all post- 
operative mortality was 30.8 per cent.*’ Evaluation of surxdval rates, 
iiowevcr, differentiates the more optimistic results according to the 
location of the lesion. The experience of Cattell,** theMayo Clinic group** 
and others has led them to believe that pancreatoduodenal resection 
may euro carcinoma of the ampulla of Vater in an appreciable number of 
cases, but not carcinoma of the head of the pancreas. Results of survival 
m the latter have been disappointing and necessitate either modification 
of the operative procedure or abandonment of radical surgery. 

ABNORMALITIES OF THE ISLANDS OF LANGERHANS 

Among the most interesting disturbances of the pancreas are those 
that lead to hypoglycemia, namely adenoma of the islet cells of Langer- 
hans, carcinoma of the islet cells of Langerhans, and a generalized hyper- 
plasta of the islets. It must be remembered that the pancreas does not 
account for all cases of hypoglycemia. Severe liver damage may account 
for some cases and disease of the adrenals or the pituitary may account 
for others. A good ckassification of spontaneous hypoglycemia has been 
made by Conn.** 

The usual historj' of these cases is that the patients develop con- 
vulsions especially in the early morning before breakfast or that they 
develop abnormal behavior reactions upon fasting (Tabic 7). Thus one 
of our patients was first considered ill by his family when he woke up 
in a dazed way and threw his gold watch out of the window. Not a few 
of these cases have been found in institutions for epileptics. 

In the University Hospital series, there have been six cases of which 
one was malignant. Carcinoma of the islet cells is a rare condition of 
which only about thirty-seven cases have been reported. In our case 
the patient succumbed with metastases but did not have hjTioglycemia. 
The other five cases have been followed and the patients are doing we 
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from the standpoint of the blood sugar level. Wc were recently able to 
repeat the six hour glucose tolerance tests on all five of these patients 
and all were within normal limits after periods of from three to thirteen 
years, respectively. 

The diagnosis in these cases should be suspected whenever people 
develop abnormal weakne^, comnilsions, personality change, or periods 
for which they have amnesia upon fasting. A blood sugar at such a time 
is usually below 50 mg. per cent. The glucose tolerance test shows a 
low peak and an early return to normal or subnormal levels. Liver 
function tests are usually near normal. 


TABLE 7 

Islet Cell Adexomas op the Pancreas 
Hoapital of the University of Pennsylvania, 193^1945 





Symptoms 
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No 
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E.P. 

1 
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1 
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No 

No 
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29 

No 

No 

Yes 
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tail of pancreas 

Well. Sugar tolcraucS 
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UG 

61 F 

2S 

No 

Yes 1 

No 

5 cm adenoma 1 cm 
irom tail o! pan* 
creas ^ 

Sugar tolerance curve 
within normal 
range; mild symp- 
toms of autonomic 
nervous sj-stem 


If there is no evidence of Simmonds’ disease or disease of the adrenals, 
exploration should be done in such coses — preferably through a trans- 
verse incision across both recti about an inch above the umbilicus. The 
head of the pancreas is exposed by reflecting the hepatic flexure and then 
mobilizing the duodenum. The rest of the pancreas is exposed by dividing 
the gastrocolic omentum so that the lesser peritoneal cavity is widely 
exposed. The posterior parietal peritoneum along the louver border of the 
pancreas may then be incised as it is usually avascular. This permits the 
surgeon to introduce his fingers behind the pancreas and palpate it 
carefully against his thumb or against the fingers of the other hand. 
In obese and emphysematous individuals, it is sometimes difficult to 
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reach the tail and this can be facilitated reflecting the splenic fie.Turo 
of the colon downward and, if necessary, bringing the spleen fonvard 
and supporting it with a pack. 

Even if an adenoma is readily found, one should expose the entire 
pancreas, as multiple islet cell adenomas occur in 14 per cent of cases 
If no lesion is found, a biopsy should be taken for frozen section. If the 
pathologist finds bj’perplasia of the islet cells, some surgeons do a sub- 
total resection of the pancreas. The wisdom of this procedure is not yet 
well established. 

Dunng the preoperaih'e period, ev«i patients ivith adenoma must he 
evaluated for diabetic symptoms which may supervene, due to a supres- 
sion of function of the remaining islet tissue. In the patients who have 
undergone adenectomy, any such sjTnptoms ivill usually prove transient 
but, in those who have had subtotal resection, the results are, of course, 
variable 

One should note that mabgnancj' of islet cell adenomas is difficult 
to recognize on section. The presence of blood vessel invasion does not 
necessarily indicate malignancy. Whipple and Frantz*® have established 
an intermediate classification of suspiciously malignant islet cell tumors 
m which fustological evidence of roalignanej’ e.'tjsts, but clinically the 
tumors appear to be benign in that no metastases occur and the patients 
remain well following excision. At the time the first of these eases was 
operated on at the Hospital of the University of Pennsylvania, this was 
not well knowTi In an effort to relieve diabetes in another patient, a 
graft from an adenoma was implanted in her rectus abdominis muscle 
as soon as the frozen section was reported benign. Subsequently, the 
pathologist found blood vessel invasion and reported possible ma- 
lignancy The graft apparently did not take, and the subsequent course 
of the patient, as well as further study of his tumor, convinced us that 
the lesion was benign. 

The results of removal of islet ccU adenomas are e,\'cellent Complete 
and immediate restoration to health is the rule 

ECTOPIC PANCREATIC TISSUE 

Ectopic pancreatic tissue was resected from the wall of the duodenum 
in three patients at the Hospital of the Universitj* of Pennsylvania In 
one of these, a benign ectopic nodule was resected in the search for the 
primary site of a malignancy which had been established by lymph node 
i)iops5’'. 

CONCIUSIOMS 

1. Evidence is presented suggesting that edematous pancreatitis and 

necrotizing pancreatitis may be stages in the same disease. 

2. The question of ivhether operative or nonoperatiye treatment is o 
be preferred in the severe forms of acute pancreatitis has not ^ wen 
answered. Results have improved with better methods of therapy an 
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have been very favorably inflticnced by penicillin. Since 1945, we have 
employed operative treatment in all of the severe cases of pancreatitis 
with an over-all mortality of 3.2 per cent. The results are reported for 
possible comparison with series treated by nonoperative means. 

3. Chronic relapsing pancreatitis, while not a frequent lesion, is worthy 
of more attention than it has received. Where stones arc present in the 
duct, some relief may be afforded by their removal. Most cases have been 
treated surgically cither by pancreatectomy or by bilateral lumbodorsal 
symipathcctomy which interrupts the afferent neta’cs. The latter is the 
more conservative procedure, even though it requires multiple opera- 
tions, but further experience will be required to determine which pro- 
cedure yields the best results over prolonged periods, or whether one of 
the newer procedures will prevail. 

4. Pancreatic cysts should be excised if technically possible. Pseudo- 
cysts of the pancreas and rare true cysts may have to be marsupialiEcd, 

5. Resection of the pancreas for carcinoma arising within the organ 
is worthwhile as a palliative procedure but so far offers very little chance 
of cure. 

6. Pancreatic lesions arc not the only ca\iscs of hypoglycemia but are 
among the most amenable to treatment. 

Hyperinsulinism may arise in three ways: adenoma of islet cells, 
carcinoma of the islet cells, or hyperplasia of the islet tissue. 

The common cause is adenoma and adcncctomy gives complete and 
usually lasting cure if all adenomas are found and removed. 
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RECENT ADVANCES IN KNOWLEDGE OF BONE 
Contributions Applicable to Surgery 
William T. Fitts, Jn,, M.D.* 

Recent advances in the surgerj' of bone have derived chiefly from 
discoveries made in the fundamental metlical sciences during or just 
prior to World War II. Chemotherapeutic and antibiotic agents became 
available just at the time when the war began to produce an enormous 
tiumbot of casualties and thereby provided a testing ground for new 
surgical methods. The incidence of spreading infection and septicemia 
following open fractures was greatly reduced in World War II (as com- 
pared to World War I) primarily as a result of these drugs. By employing 
the antibiotics, whole blood and plasma, and newer skin grafting 
methods, surgeons were able to perform extensive bone grafting pro- 
cedures soon after the wound had liealcd, with a low incidence of infec- 
tion. The need for large amounts of bone for grafting led to further 
investigations of homogenous bone transplants and to the establishment 
of bone banks — a development that will extend the scope of bone sur- 
gery. 

The search has continued for a metal for internal fixation of bone, 
which is completely inert in the body tissues and also possesses ideal 
mechanical and physical properties. Knowledge of the advantages and 
limitations of existing metals has been extended, chiefly through studies 
instigated by the Committee on Fractures and Other Traumas (now 
Committee on Trauma) of the American College of Surgeons. 

The constant search for a safe method of treating fractures that will 
effect complete fixation of the bone fragments while allowing complete 
mobilization of the rest of the body led to the introduction of intra- 
medullary nailing for fractures of long bones. First used on a large scale 
by the Germans in World War II, the method has only recently gained 
recognition in America. Although the advantages and limitations of 
intramedullary nailing have not been fully determined, the work should 
enlarge our understanding of bone physiology. 

Recent studies have shonm that severe derangements in metabolism 
accompany bone injury and that patients who suffer trauma to bone 
are in need of nutritional treatment as an adjuvant to operation. 

In this paper an attempt ^Yill be made to discuss briefly the above 
developments. 

From the Harrison Department ot Surreal Research, Schools o{ Medicine, 
University of Pennsylvania, and the Surreal Clinic of the Hospital of the Uni- 
versity of Pennsylvania, Philadelphia. 

•Associate in Surgery, School of Medicine, University of Pennsylvania; 
Assistant Surgeon, Hospital of the University of Pennsylvania 
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BONE GRAFTING AND THE BONE BANK 

The science of bone grafting has developed steadily over many years. 
Heterogenous' grafts— e.g., beef booe, ivory, cow bom— have been un- 
successful, autogenous transplants have uniformly given the best re- 
sults. Both cortical and cancellous bone grafts have been widely em- 
ployed, the cortical graft taken usually from the tibia and the 
cancellous graft from the ilium Cortical grafts must be used when 
stability is required , cancellous grafts show greater osteogcnetic powers. 
The use of the latter has increased in recent years. 

The fate of the grafted bone has been widely disputed. It is now 
generally accepted that most of the elements of the bone die and are 
replaced by living bone. After ectensive experimental and clinical 
.studies, Abbott and his co-workers' concluded that the mature elements 
of both cortical and cancellous bone die follow’ing transplantation. 
They s.aid, however, that the cells of the cndo.steum and periosteum 
may aun’ivc and produce nen* bone A cortical graft has little osteogcnetic 
power because it is composed principally of mature elements. The 
cancellous graft, on the other hand, has a loosely woven structure; it 
contains many ostcogenctic cells and has high powers of osteogenesis. 
For ununited fractures and for bridging defects of bone, Abbott stated 
that the be-st results are produced when cancellous bone is added for 
osteogenesis to the cortical bone necessary for stability. 

Bishop, Stauffer and Swenson’ reported 580 bone grafting operations 
performed m an army general hospital. The massive onlay graft fixed 
by metal screws was preferred to inlay grafts. Cancellous bone chips 
were added to the onlay graft to stimulate osteogenesis. It is generally 
arh'ised that the incision for bone grafting be made as far away from 
the wound as possible, so that healthy, full thickness skin may be re- 

ing 

dul 

, by 

Boyd ’ 

Phemister^ has recently reported a method of bone grafting that does 
not involve excising the fibrous union or anchoring the graft w-itb plates 
or screws The bone is exposed, the periosteum, reflected, and a shallow 
bed for the graft is made by chiseling out a thin depth of cortex. A graft 
of cortical bone is inserted into the shallow bed and fixed by suturing the 
periosteum over it Phemister stated that the advantages of the method 
are : the preser\’atioQ of the fibrous union (which may aid in the forma- 
tion of bone) ; the relative simplicity the operation ; and the elimination 
of metals for internal bxathn. The metbod cannot be used when much 
loss of bone has occurred or when there is much instability at the fracture 
line. In these instances, the cortical graft must be securely fixed in order 
to achieve stability. 

Homogenous Bone Grafts and the Bone Bank.— Autogenous bone i 



RECENT ADVANCES IN KNOWXEDGE OP DONE 


ISIO 


considered the ideal type of graft, but many instances arise in which 
autogenous bone cannot be safely acquired in sufficient amounts: e.g., 
in extensive bone operations on children, in patients with considerable 
bone loss, and in poor risk patients. During World War II, when many 
of the wounded had extensive bone destruction, surgeons were induced 
to experiment further with the homogenous bone graft. 

The transplantation of bone from one person to another or from one 
species to another has been tried from the middle of the nineteenth 
century. Heterogenous grafts were never satisfactory. In 1942 Inclan, * 
after experimental work on rabbits and dogs, reported the results of 
nine human homogenous grafts. The grafts were covered with the 
citrated blood of the donor and refrigerated at a temperature of 2 ° to 5* 
C. Inclan concluded that the homogenous transplants acted like fresh 
autogenous bone, even thougli presen’ed for as long as three weeks. 

Many subsequent investigators have found liomogenous bone trans- 
plants to be successful. Henry* used homogenous chip grafts of cortical 
bone with good results. The graft was taken from a donor who was a 
close relative of the patient (sjmgenosioplastic graft) and of the same 
blood typo. Bush and Garber’* * experimented with homogenous grafts 
in rabbits and reported that, although autogenous grafts were reconsti- 
tuted into bone slightly more rapidly, the homogenous grafts were en- 
tirely satisfactory. They subsequently established a bone bank for 
human transplants at the New York Orthopedic Hospital. For this 
bank they used bone grafts taken from the ilium or tibia, placed in 
bottles, and usually frozen at minus 25*C. The bone, which was alw’ays 
taken from living sources, was kept at least two weeks before being used. 
No attempt was made to employ donors of the same blood type as the 
recipient, but all donors were first proved to be free of syphilis, malaria 
and chronic infection. Bush and Garber reported 12G operations on 104 
patients and were enthusiastic about the results. 

Wilson® described the bone bank maintained at the Hospital for 
Special Surgery in New York, wheic homogenous grafts w’ere used for 
joint fusions, treatment of ununited fractures, and for filling bone cavi- 
ties resulting from the excision of benign bone tumors and cysts. The 
donor bone was frozen while still moist, placed in sterile sealed jars, 
and kept in a deep freeze unit at minus 10® to 20° F. Homogenous bone 
from forty donors was inserted into twenty-five patients without regard 
to blood groups. No massive grafts were used, the grafts were applied 
chiefly in the form of bone chips. Excellent results were obtained. 

Successful results from the clinical use of homogenous grafts have 
also been reported by others.*® * ** • ** It is not yet proved that homogenous 
bone will retain living elements as wdl as autogenous bone. As long as 
the latter is the ideal bone for grafting, homogenous bone should be 
used to supplement rather than to supplant it. Yet the use of homogenous 
bone has been an important advance, and the establishment of bone 
banks has extended the scope of bone sui^ry. It is probable that banks 
will be set up in many communities during the next few years. 
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Bone for graftmg has, up to the pKJSertt time, been obtained from 
living sources With proper o^nization, it may be possible for operating 
teams to obtain considerable amounts of bone under aseptic conditions 
from fresh cadavers -who died from trauma. It is apparently not neces- 
sary for the donor to have the same type of blood as the recipient. 

THE ANTIBIOTICS AND SURGERY OF BONE 

Certain aspects of bone sargeiy have been revolutionized by the 
introduction of the antibiotics (see Table 1). In infections of bone, 
surgery can be performed much mote safely and is sometimes eliminated 
altogether by appropnate use of the antibiotics, especially penicillin 
which IS unusually effective against the principal bacteria found in 
osteomyelitis, namely hemolytic Staphylococcus aureus, hemolytic strep- 
tococci, and pneumococci. Penicillin has also decreased the risk of 
infection in clean operat ions on bone, and its prophylactic use has become 
V idcspread 

Acute Hematogenous Osteomyelitis. — In 1943 Florey” said, "The 
evidence is that nith adequate dosage it is possible to eliminate all 
infection, and one may look fonvard to the time when beteomyeUtU 
treated early will no longer be a surgical condition ” Experience in 
subsequent years has borne out Florey's predictions. Acute hematog- 
enous osteomyelitis has been mu2h less frequent in recent years because 
the ear and skm infections which are its usual predisposing cause are 
usually controlled by the liberal use of penicillm. Once acute hematog- 
enous osteomyelitis does develop it shoe's remarkable response to 
penicillm 

/Utemeier and Wadsvvorth” reported soYcaty-one patients with acute 
hematogenous osteomyelitis studied over a four year period. They 
found “spectacular control of baeteraenuc local infection and metastatic 
complications " They stated that emergency surgerj*, once considered a 
life-saving procedure in certain cases of acute hematogenous osteomyeli- 
tis, 13 no longer necessar5' and there is always time for proper preparation 
of the patient If penicillin is begun early in the disease, surgery may be 
eliminated altogether. For pemcillra to be roost effective it must be 
started durmg the first few dal's of infection. Since the roentgeoograpaic 
signs do not appear until after the first week, penicillin must be started 
on clinical signs alone Altemeier and Wadsworth stated that even u 
bone necrosis has occurred, suigety might not be necessary ; according 
to a study of the roengenograros, spontaneous sbsoiption of involved 
necrotic bone often took place. FoBow-up studies of the patients of 
Altemeier and Wadsworth's series showed only nine rocurren''*" “i 
Blxty-seven patients. In each of these mstaTU“" 
penicillin had been give too late cw in 
The dose advised was up to 100,000 ut j 
infections. Penicillm was continued for at least one week after sh fiigns 
of infection had disappeared. 
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Trueta and Agcrholm^ and Nachlas and Markheim** also report^ 
excellent results from penicillin in acute hematogenous osteomyelitis. 
Trueta and Agerholm advised surgery if pus is present in the medulla 
or subperiosteal space, but they waited twclv'c to forty-eight hours 
before operation. The operation consisted of drilling holes in the bone 
instead of making a window m the cortex. Wounds were routinely 
closed without drainage. 

It is not universally believed that pcnicUlin has abolished the need 
for surgerj’ in all instances of acute hematogenous osteomyelitis. Dick- 


TABLE 1 

Examples op the Effect of PEs-iaLUK on Suroehy or Bone 



Before Penicillin 

After Penicillin 

Mortality of acute hematogenous 

25% ± (a) 

2% ± (b) 

ostcomj-elitis 

Surgery for acute hematogenous 

osteomyelitis 

Loss of bone grafts from infection 

j Ueually necessary 

1 (a. b) 

Often not necessary 
if treatment is begun 
early (a, b) 

(battle casualties) 

Time advised between healing of 
infected open fracture and graft- 

17%, World War 1(c) 

3.3%, World War II 

, (d) 

ing procedure 

Sauceriration of chronic osteo- 
myelitis with primary wound 
closure, with or « ithout plastic 
procedures 

1-2 years (c) 

6 weeks to 6 months 
(e) 

Generally unsuccess- 
ful (f, g. b) 

Generally success- 
ful (f. g. h) 


Sources; (a) Altemeier, W. C. and Wadsworth, C. L.** 

(b) Nachlas, I. W. and Markbcim, H R.'* 

(c) Kirk, N.*« 

(d) Bishop, W. A. ct al.* 

te) Lambert, C 

(f) Buchman, J. and Blair, J. E.” 

(g) Reynolds, F. C. and Zocpfel, F.>* 

(h) Sherman, M S.‘* 

son” said that surgery supplemented by penicillin is less dangerous than 
surgery alone and abscesses can be drained with greater safety. Dickson 
pointed out that the chances of recurrence are decreased by early surgical 
removal of the nidus of infection combined with large doses of penicillin. 

There is no doubt that penicillin has decreased the incidence of acute 
hematogenous osteomyelitis. There is also general agreement that if 
penicillin is given early in established acute hematogenous osteomyelitis 
it may cure the disease before bone necrosis takes place. But-surgeons 
disagree on how often surgery is needed and how extensive it need be 
in the presence of bone necrosis. 
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Chronic Osteomyelitis. — Chronic osteomyelitis has not teBponded as 
dramaticaUy to penicillin as has acute osteomyelitis.^- Pencillin alone 
IS rarely sufficient, the infected bone must be saucerized before healing 
iviU occur Penicillin, however, is a powerful adjunct to surgerj' Lb 
chronic osteomyelitis because it permits radical surgery with less risk 
than formerly of spreading jidection and septicemia. Plastic procedures 
for filling the cavities rn bone following saucerization (e g., use of muscle 
flaps, packing with bone chips) can be performed with little risk of 
mfeDtion, and the wound can usually be closed with impuiuty. 

Following surgery for chronic osteomyelitis it i& best to cover the 
bone with full thickness skm. If enough skin is not a%-ailable, a split 
thickness skin graft can be closely applied to the bone cavity. When a 
large skin pocket results from this procedure it should be filled irith 
cancellous bone chip.s at a second operation (a scar-fiUed pocket often 
leads to vascular changes and necrosis) and then covered with full 
thickness skin 

Penicillia in the Prophylaxis of Bone Iafcction.~-Tho striking effect 
of penicillin m reducing infection following extensive bone surgery in 
battle casualties is shonm by a comparison of the results of boue grafting 
procedures in World W’ar I and World War 11. K»k” stated that, in 
World War I, 17 per cent of his bone grafts m battle casualties were 
lost from infection. In the last war Bishop, Stauffer and Swenson’ lost 
only 3 3 per cent of grafts from infection. 

The use of penioiUta has sharply decreased the necessary delay between 
the healing of the ivound m open fractures and bone grafting. IVhcrcas 
previously the established practice was to wait one to two years, bone 
grafting is now often performed within six weeks after healing." It has 
been found that cancellous bone is more viable in the presence of infection 
tlian cortical bone — especially if penicillin Is used.’ 

Penicilhn is effective m reducing the incidence of postoperative infec- 
tion m clean bone operations. Buchman and Blair® concluded that "in- 
tramuscular administration of pcniciUm for twenty-four hours before 
an operative procedure on bones and joints and for about tea days after 
constitutes a dependable method for the avoidance of ordmarj’ surgical 
infections which have plagued patients and embarrassed surgeons from 
time to time". 

Some surgeons have disparaged the employment of penicillm pro- 
phylactically because they think it gives a "false sense of security 
and thus tends to make tbe surgeon "careless in bis technic." From the 
point of view of tbe patient it seems almost inhuman to withhold peni- 
cillin for the purpose of forcing the surgeon to perform an adequate 
operation. Antibiotics should mw'ease the scope of surgery, not en- 
courage poor technic. „ 

Streptomycin and Tuberculosis of Bone. — Recent reports- • - 
have shouTi an increasing confidence in the usefulness of stepfomycia 
in tbe treatment of bone and joint tuberculosis. Although the remits 
are not as dramatic as in intestinal tuberculosis, a slow but deani e 
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improvement has been reported in the majority of patient. BickeP* 
recommended 1 gm. daily for ninety days- A longer period of study is 
needed before the value of the drug can be accurately determined. 


METAL FOR THE INTERNAL FIXATION OF BONE 

The proper treatment of injured bone often necessitates internal 
fixation with metal, although the use of any known foreign material 
carries some risk. Scientists liavc long sought an ideal metal for internal 
fixation: one that is inexpensive, possessed of ideal physical and me- 
chanical properties, and completely inert in the body tissues. Although 
several adequate metals have been developed, all of them have draw- 
backs. 

Only recently have metals boon developed that are sufficiently inert 
in the body tissues. Venable and Stuck** found that many metals were 
poorly tolerated because of the electrolytic activity about the metal, 


TABLE 2 

Composition of Vitavuum 

Cobalt, 

Chromium 

Molybdenum 

Manganese 

Silicon 

Carbon 


05 per cent 
80 per cent 
3 per cent 


q.s. 


(From Kennedy, R. II.: Done Plates and Screws SjTnpodum on Fractures 
and Other Traumas. Clinical Congress, American College of Surgeons, Sept. 9, 
1947, New York ) 


resulting in “electrolytic osteitis.” Experiments performed by them in 
1930 showed that all of the metals then in common use in surgerj’ 
caused damage to tissues because of electrolytic activity. The extent of 
tissue damage >Yas roughly equivalent to the galvanic action that look 
place bettveen the metals. They found that if a combination of metals 
IS inserted at a single operation, an electromotive force is set up between 
the metals, and osteitis results. Venable and Stuck discovered that a 
dental alloy, vitallium, was completely inert in bodi’ fluids, and after 
axperimental and clinical trials they recommended it for clinical use. 
The composition of vitallium is given in Table 2. 

In 1940 the Committee on Fractures and Other Traumas appointed a 
subcommittee to study the metals available for internal fixation of 
bone. 2 «-”. 2 a committee initiated a scries of investigations which 
w’ere carried out at Columbia University by Professor Colin Fink of the 
Engineering Department and Dr. Clay Ray :Murray of the School of 
Medicine. From these studies it was concluded that two available metals 
were acceptable for use for internal fixation: vitallium and 18-8 SMo 
stainless steel (Table 3). Vitallium was found to be completely inert 
in the tissues, but the physical and mechanical strength of individual 
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plates showed unpr«lictable variations, so that there was danger of 
breakage. This is due to the fact that vitallium is cast, instead of cold 
rolled, and therefore contains large ci^tala. Professor Fink avpressed 
the opinion that improvements in the manufacture of vitallium plates 
might eliminate this objection. 18-8 SMo stainless steel, although not 
completely inert in body tissues, was found to cause so little interference 
with healing processes as to be within ph3'siological limits. Its pLj-sical 
and mechanical properties were the best of the available metals. Ihe 
United States Arm3'’a specifications for plates and screws, prepared in 
cooperation with the National Bureau of Standards, require 18-8 SMo 
stainless steel (29). 

The Committee on Fractures and Other Traumas has made recom- 
mendations for uurYann types of plates and ecrews with rfesirabfe mc' 
chanical and physical properties.*^ These recommendations are now in 


TABLE 3 


CouPoaiTios or lS-3 SMo Sreeu AitcRicAN SrsEi- and Iro.v IssTmrrE 
SpEancATioN 3J6 and 317 


Chromium 

Nickel 

Moljbdeaum 
Maegaaese 
Carbon, , 

Silicon 

Phoaphorus 

Sulfur 

Iron 

Pocknall hardness 


17 to 2(7 per cent 
10 to 14 per cent 
2 to 4 per cent 
2 per cent maximum 
0 0$ per cent xnaximua 
0 73 per cent maxisnua 
0 03 per cent maatmum 
0.03 per cent marlmius 
ilenmiaisg per cent 
C^O to C-35 


(From Kennedy, H il. . Boae Plates and Screws SjTaposimn on Fractures 
and Other Traumas. Clinical Congress, Amcrjcan College o! Surgeons, Bept. 8, 
1347, Kew York ) 


the hands of the Bureau of Standards. It is hoped that the Bureau will 
be able to adopt new commercial standards so that the materials from 
different manufacturers w31 be uniform and acceptable. Thus far, Dr. 
L. B. ’Tackerman of the Bureau of Standards, has been reluctant to 
write specifications for vitallmin bone plates because of the impossi- 
bility of distinguishing “brittle” plates before use and the danger of 
subsequent breakage 

Dr. R. H. Kennedy,*® chairman of the Committee on Fractures and 
Other Traumas, reported that in recent inv'estigatioos, carried out with 
the aid of Dr. Tuckerman, absoiption around screws was shoira to be 
caused bj' improper cun'ature of the pfate from side to side (the inside 
curve of the plate should be that of a penny), or by too much torque m 
dnving the screw home, or by incorrect centering of the screw. 

The search for an ideal metal for internal Rvation of bone will con- 
tinue. Recent expenmenta in this labwatory*' hav'e shoirn that the meta 
zirconiuna is well tolerated by bone, but tests to determine its me- 
chanical fitness have not been made. 
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INTRAT.IEDTJLLAIIY PINNING OF FRACTURES 

Although for many years substances have been inserted into the 
medullary cavity for fixation of bone fragments — chiefly for grafting — 
intramedullarj' nailing for the treatment of fractures has been used on a 
large scale only in the last few years. Kuntschcr of Germany, after 
preliminary’ experiments on dogs, began to use the method extensively 
on humans in 1940 ”• ”• « Intramedullary’ nailing was widely em- 

ployed by the German Army in AVorld War 11 and on the European 
continent after the war. It has only recently begun to attract much 
attention in this country. The great virtue of intramedullary' nailing 
is that it allows the rest of the body to remain mobile during fixation 
of the bone. It may also have uses other than in the treatment of fresh 
fractures — e.g., in osteotomy, and shortening of the limbs. The physio- 
logical effects of an intramedullary foreign body are of interest because 
of the destruction of part of the marrow. Kuntschcr and others stated 
that the presence of the nail in the medullary’ canal stimulated the pro- 
duction of callus and speeded the healing process of fractures. Bolder, ” 
on the basis of an abundant experience with nailing, concluded that the 
nail often inhibits fracture healing. Experiments were recently performed 
in this laboratory to determine the effect of intramedullary nailing on 
fracture healing.*^ An intramedullary wire inserted into the fractured 
ulna of the dog was found to stimulate a periosteal reaction, often at 
some distance from the fracture site. This “periosteal callus” was quickly 
absorbed and seemed to have Httlc effect in the healing of the fracture. 
Our experiments indicated that the presence of an intramedullary wire 
did not increase the speed of healing other than by increasing the degree 
of immobilization; neither did the intramedullary foreign body appear 
to delay fracture healing significantly’, 

Hazen and Santurio” compared the chemical composition of the callus 
formed in fractures of the dog’s femur after treatment by simple im- 
mobilization ^rith the callus formed after intramedullary nailing. Be- 
cause no appreciable difference was noted in the process of mineralization 
between the two groups, the authors concluded that intramedullary 
pinning did not hinder mineralization of the callus. 

KGntscher emphasizes the danger of shock from the procedure, and 
Bdhler reports several immediate deaths from intramedullary nailing. 
Except in the elderly or poor risk patient, there should be no unusual 
danger if the patient is properly supported by good anesthesia and suf- 
ficient quantities of whole blood. One is puzzled by the many instances 
of shock and immediate death from nailing procedures reported by the 
Germans, and one wonders if fat embolism might have been responsible 
for these complications. 

Even though antibiotics were not widely used in the German exper- 
ience, infection was not common. Both Bohler and Kuntscher advised 
leaving the nail in if infection developed. The nail affords immobilization 
desirable for the healing of the infection, and acts as a drain for the 
medullary cavity. 



1826 


WltLIAM T FITTS, Jfl. 


It is probable that intramedullary nailing should at pr^ont be used 
only for fractures of the shaft of Use femur and certain difiieuU fractures 
of the ulna (Monteggin fractures). How widespread its use will become 
m this countrj' is yet to be determined. "Whatever Its final place in the 
surgery of bone, its study should contribute to our understanding of 
fracture healing. 

PROTEIN METABOLISM ANt> INJURY OF BONE 

Profound changes occur in protein metabolism after extensive bone 
injury. By nitrogen balance studies Cutbbertson*’ and Howard” 
-shovved increases of the urinary nonproteia nitrogen for periods as Jong 
•is a month following fractures- Howard found that the average Joss of 
nitrogen in a group of patients with fractures was 225 gm. during an 
average period of thirty-five day’s. Howard could not account for this 
loss by fever per se, atrophy of disuse, or loss of muscle substance at the 
•^ite of injury. He postulated that it was related to the effects of the 
products of devitalized tissue on general body metabolism. The estab- 
lishment of a positive nitrogen balance in these patients bj' high protein, 
high calonc diets has been difficult. Cuthbertsoa found that most of the 
extra nitrogen administered appeared in the urine. It is possible that 
substances now unknown must be replaced before a positive rntrogwi 
balance can be effected 

The literature on the effect of trauma on protein metabolism has been 
recently reviewed by Braasch." 

SUMMARY 

Certain recent advances in knowledge of bone which are applicable to 
surgery have been briefly discussed. It appears that the surgeiy of bone 
has progressed m recent years chiefly through application of discoveiies 
in the fundamental medical sciences rather than through discovery of 
new clinical procedures. 

Some of these advances have been : 

1. Discoveries m the physiologj* of bone grafting ■ahich improved 
clinical grafting methods and led to tho establishment of bone banks 

2. The development of paiicifltn, which has profoundly altered the 
surgical treatment of bone infections and has minimized infection 
following operations on clean bone 

3. Cooperative investi^tions by physicians, physicists, and engineers 
which have led to a better understandmg of the advantages and Jimita- 
tions of the metals now available for the internal fixation of bone. 

4. Demonstration of the severe dcrangemeats in protein metabolism 
that occur as a result of severe trauma to bone. 
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THE VALUE OF BLOOD TRANSFUSIONS 


Samuel V. Hardisok, M.D.* 

INTRODUCTION 

The transfusion of whole blood constitutes what is probably the best 
“shotgun” prescription we have. Intensive studies of the cells and plasma 
are now revealing the complexity of the substance ; it is obvious that a 
patient receiving blood, besides benefiting from a volume replacement 
of cells and plasma, is the recipient of potent factors concerned in 
numerous vital processes. Albumin determines osmotic pressure and is 
vitally concerned in protein metabolism generally. The globulins also are 
part of the nutritional balance, and the alpha globulins contain the 
immunologic principles. Fibrinogen, prothrombin and platelets are part 
of the clotting process. The fundamental chemical qualities include 
consideration of oxygen and carbon dioxide exchange, iron metabolism, 
the functions of the sodium and potassium ions, fluid, electrolyte, and 
acid-baso balance, to mention only a few. Studies of the components will 
eventually result in the availability of specific substances for many 
specific disorders, as at present albumin, fibrin products, convalescent 
sera, resuspended red blood cells and plasma are used. But there remain 
quite specific indications for the use of the entire sliotgun charge; and 
there are other indications which, while not truly specific, are definite 
and satisfactory in so far as the extraneous elements arc known to do no 
barm. 

Technical Aspects, — ^Thc technical aspects of blood transfusion have 
been greatly simplified within the past twenty years. Closed methods of 
obtaining blood from donors have all but done away with the scrubbing, 
masking and gowning which used to accompany the “operation” of 
transfusion. Efficient blood prcserv'ation solutions have rendered storage 
safe for longer periods, and the use of disposable equipment has minimized 
the pjTogen problem. The advances in the understanding of blood 
grouping and subgrouping, especially''in regard to the Rh factor, have 
further reduced unexplained reactions, so that reaction rates now are 
very low. Transfusion of blood, with routine precautions, is now quite 
safe, and where the indications are clear cut, the risk is negligible. 

Cautions. — Perhaps it would be well to insert here a few comments in 
regard to certain cautions in the use of whole blood. Safety of trans- 
fusion depends upon constant attention to details. There is a definite 
mortality connected with the procedure. In the presence of leukemia, 
certain hemolytic jaundices, and high fever, reactions occur w’hich are 
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severe and may result m disaster. The possibilities of the human element 
with respect to mislabeling tubes and flasks must be constantly kept m 
mind. Reactions masked by anesthesia are little understood. Reported 
reaction rates are almost certainly tdo Jou'. All of which means that 
transfusion of blood, although carried out routinely and simply at 
present, is not without some risk, and should never be performed without 
specific indications. 

Blood Banks . — The need for large amounts of blood has resulted in 
widespread use of blood banks, the operation of which is now quite 
standardized. The recent war hastened the development of this phase, 
but it is interesting to note that Robertson in 1918 wrote of his experiences 
with preserved red blood cells and he conducted what must have been the 
first banJi.‘ Rous and Turner* had described the successful preservation 
of red blood cells and Robertson utilized their technic for admmistenng 
type 0 cells which had been stored up to three weeks He noted that the 
benefits derived seemed the same as those from immediate transfusions. 
Thus the recent utilization of type 0 Rh^negative blood treated with 
Witebski’a anti A and B factors represents merely a refinement of 
Robertson’s principles of having blood available for immediate emergency 
use, typing and cross-matching being unnei^ssary. 

ItfOICATIONS 

Acute and Chronic Bfood Loss.— The most obvious indication for the 
use of whole blood is, of course, for replacement of whole blood loss— 
i e., hemorrhage. Hemorrhagic shock hiw been extensively studied both 
experimentally and, during the war, clinically. It is accepted now that 
loss of red cells and plasma is best treated by repiacement of red cells 
and plasma, not by either alone. The inadequacies of plasma were 
soon discovered, resulting in a greater demand for whole blood. The 
value and safety of transfusions in many thousands of cases were estab- 
lished even before Rh typing ivas universally used, although it is now 
recognized that accidents occurred, especially in patients nho needed 
multiple transfusions over a period of time which permitted sensitization 
to occur. In chronic types of hemorrhage the value of transfusion is 
dependent upon other factors — the urgency of replacement, planned 
operative therapy, and the possibility in nonsurgical cases that trans- 
fusion. may depress the normal regenerative function of the marrow. 
Gastrointestinal hemorrhage requires preparation for the immediate 
availability of sizeable quantities of blood, but only in the infrequent 
case must these large quantities be used. Where the source of hemorrhage 
can be controlled before the patient is markedly anemic, there may be no 
indication for replacement In general, blood loss to the outside always 
requires preparation for transfusion; it may or may not require the 
administration. 

Reduced Blood Volume; Hypoproteinemia. — Chronic blood loss, the 
anemias of malignancy and bums, pose complicated problems in re- 
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placement. It is not wthin the scope of this paper to discuss each con- 
dition in detail. Decreased total blood volume, h>T)oprotcinemia, secoiul- 
arj’ anemia, and electrolyte imbalance must be evaluated as to their 
relative importance in a given ease. Measurements of these deficiencies, 
which determine rational therapy, are still difficult and in many in- 
stances not sufficiently accurate, but they do indicate the direction in 
which therapy must be carried out. In regard to the determination of 
blood volume, Beling, Morton and Bosch* have outlined a simplifieil 
technic which can be used by most hospitals uitbout elaborate facilities. 
Approximate measurements almost always serve to indicate that large 
amounts of blood arc indicated in true depletions. The conversion and 
vitiliKition of protein, and the balance between circulation and tissue 
make estimates of actual deficiencies difficult to interpret; it is well 
kno''!! that a normal value for plasma proteins docs not indicate a 
satisfactorj’ condition of the tissue proteins, or even a satisfactory total 
amount of circulating protein. Bor in reduced blood volume, the grams per 
100 cc. of both proteins and hemoglobin may be normal, while the grams 
per person of these substances are dangerously depleted. In such a ease 
there is evidence that ingested protein, in the body’s economy, goes 
first to the formation of hemoglobin, and only after that essential sub- 
stance is sufficiently replaced is further protein available for plasma anil 
tissue stores.^ 

In cases of gastric carcinoma, it has been found* that hypoprotememia 
persists following operation in the presence of body tissue repletion. 
Estimation of actual depletions in carcinoma cases, then, are only approx- 
imate. They are, of course, based on the individual’s normal weight and 
estimated normal blood volume. In preoperative surgical cases, will 
whole blood suffice for the correction of these defects? Empirically, it is 
obvious to all surgeons that the extensive operative procedures now being 
carried out have been made possible largely by the use of massive trans- 
fusions. The immediate replacement of blood loss, the correction of 
decreased blood volume are ob\nous necessities. 

That transfused plasma proteins are directly utilizable by the recipi- 
ent for increasing his orNir plasma protein level has been shown by 
Allen and his co-workers.® That the plasma proteins are in an inter- 
changeable balance with tissue proteins is strongly indicated in 'Whipple’s 
work. Large quantities must be used. Experimentally, Miller and his 
associates’ have not only demonstrated the utilization of infused plasma 
proteins but also that hemoglobin itself contributes to the body protein 
pool, the globin being utilized while the pigment radicle is discarded. 
Thus blood stored for several weeks, the red cells of which may not 
remain \nable for long in the recipient’s circulation, may still be useful 
for the globin (and possibly the iron) released upon disintegration of the 
cell. 

The subject of shock is still somewhat unclear, but in most eases, 
therapj' is granted to consist mainly in the use of whole blood. Under 
certain circumstances plasma alone may be indicated. After hemoKiic 
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reactionsfrom transfusion, there maybe a definite indication for compat- 
ible blood, and the same may be true for the shock of crush syndrome, 
and other lower nephron nephroses, in the presence of e\idence of circula- 
tory collapse. 

Summary of Indications. — TTius the specific uses for whole blood may 
be summarized as follows : acute and chronic blood loss ; reduced blood 
volume; and hypoproteincmia. The first indication includes acute and 
chronic hemorrhage, the rapidly developing anemia of bums and severe 
infections, hemolytic blood loss; the second Includes all conditions re- 
sulting in decrease 'of circulating blood volume, the most important of 
which is shock ; and the third indication embraces the entire problem of 
protein balance and general nutrition. » 

The indications, of course, may overlap, and in the rapid preparation 
of many seriously depleted sui^cal patients, this is often the case. It is 
not unusual for a patient to receive sue or seven transfusions of &)0 cc. 
each prior to operation, with further replacement for loss on the table. 
In these patients there occur concomitantly anemia, lowered blood 
volume, and hypoproteinemia- Where the defects cannot be corrected 
by diet, transfusion offers the most direct and most rapid therapy. The 
future brings hope of the use of concentrated blood fractionationprod- 
ucts to add more specificity to the therapy ; and refinements m the various 
protein hydrolysates and mixtures of pure amino acids may some di^ 
prove to be more efficient substitutes for certain deficiencies in the blood 
than complete blood itself Serum albumin is an example; its safety, 
specificity and cfTcctivencss have been proved 

TBANSFtrsrON AS FACTOR IN OVERCOMING INFECTIONS 

Closely related to the problem of nutrition, protein balance and 
adequate hemoglobin is the question of infection. It has been shown 


lation between the amount of blood lost at delivery and the incKfence oi 
puerperal infection — the greater tbeloss the higher the incidence Stuigis'® 
states that the anemia of chronic infection is refractory to all^forms of 
therapy except remoi’al of the cause and blood transfusion. 

Surgeons during the War, without time for carefully controlled clinical 
e.xperiments, from obsen’ation of thousands of cases, gained the definite 
impression that one of the first steps towards overcoming infection wa.« 
the replacement of estimated blood loss The treatment of severe ancro- 
bic infections, for instance, in the general hospital with which I was 
associated, consisted of immediate transfusion and antibiotics.^ De- 
finitive surgery came later. Far more important than the antibiotics 
is the capacity of the individual to mobilize the protective forces of 
natural and acquired resistance- “The forces are dependent, bas caily, 
upon protein metabolism, acting through the agency of amino acids 
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ingested in the food or readily available in tissue protein rescr\'es'’.“ 
These authors also call attention to the atrophy of liver, spleen, bone 
marrow and IjTnphoid tissue in protracted protein deficiency— organs 
which are concerned in the origination of phagocj'tic cells. 

■\Vohl, Reinholcl and Rose” have sho^NH impairment of antibody 
response in hypoproteinemic patients, a phenomenon which had already 
been demonstrated in laboratory' animals. It would appear, then, that 
the control of infection is intimately concerned in the problem of re- 
placement of the plasma proteins and hemoglobin, and infection may 
constitute in some cases the more important indication for the use of 
blood. 

OTHER CONSroERATIONS 

There are a few other considcralions in discnssing the value of hlciod 
transfusion. Vascular occlusion of the main vessel to a limb, from 
embolus, local thrombosis, or trauma, leaves the problem of smv'ival up 
to small collateral channels. jVnemia cuts doum the efficiency of the 
oxygen carrying mechanism, and immediate correction of this anemia 
constitutes a definite indication for transfusion — perhaps preferably by 
red cell suspensions, if total volume is normal. In roost traumatic cases 
of course, there is accompanying whole blood loss with the indication 
for replacement in kind. 

Although the relationship of the actual number of platelets to the 
bleeding in thrombocytopenic purpura is not entirely clear, the thera- 
peutic effect of fresh blood (platelets agglutinate rapidly in stored blood) 
is fairly well established. Prothrombin deficiency may be immediately 
corrected by the use of blood. The value of transfusion in heparin 
overdosage is well known. In hemophilia both whole blood and plasma 
will supply the deficient thromboplastin. 

SUMMARY 

The various indications for blood transfusion have been discussed. 
Until more specific substance.^ are available, whole blood transfusions 
will be valuable in a variety of conditions, but their use in the treatment 
of hemorrhagic shock, and for rapidly replacing decreased blood volume 
accompanied by deficient proteins and hemoglobin will continue to be 
important. Blood loss and shock and poor nutrition are so much a part 
of surgical practice that it is no longer justifiable to submit patients to 
major operative procedures without the availability of sufficient blood 
and plasma for preoperative preparation, loss of blood in the operating 
room, and postoperative emergencies. 

The technical aspects of surgery ■ 
physiologic considerations under 

rhagic tendencies, oxygenation — ' ■ . 

of equilibrium with the other tissues, are intimately connected. 

Proper understanding of the available facts ^viU point out the value of 
9 







blood transfusion, in sufficient quantities to meet therapeutic needs, 
and it will not result in the unnecessary use of blood. The risk of trans- 
fusion, although BToall, is still definite, and never justifies the indis- 
criminate use of the valuable substance. 
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THE MAINTENANCE OF THE FLUTDITY AND COAGULABILITY 
OF BLOOD 

physiological and Surgical Aspects 
Leanduo M. Tocantixs, M.D.* 

Generally speaking, during most operations n surgeon would like to 
have the blood of his patient clot as rapidly ns possible, and ns slowly ns 
possible after the operation. The trauma involved in a surgical procedure 
demands prompt hemostasis, and hemostasis is the initial phase of heal- 
ing. Postoperativcly, however, stagnation of the circulation resulting 
from the recumbency and restricted physical activity encourages 
thrombosis and possibly embolism. 

How can a sui^eon assure himself of having good hemostasis when he 
needs it, and of preventing or alleviating thrombosis when he fears or 
faces it? In order to handle such problems, the surgeon must be ac- 
quainted with the forces which make it possible for circulating blood to 
be at once fluid and coagulable, at the respective proper times and 
places. Once ha\nng a working knowledge of what enters into the mecha- 
nism and how it operates, he is in a better position to recognize nhat may 
have gone nTong in a given patient, and to plan rationally the steps to 
correct the disorder. 

This discussion is intende<l chiefly to provide such a working knowledge 
for the practicing surgeon. It shall deal 'vith mo%nng, functional mecha- 
nisms, rather than their ultimate physicochemical nature. To go into de- 
tailed physicochemical considerations at this time, is to invite controversy 
and confusion, and risk incurring the disinterest of the reader without 
tangible gains in the practical understanding of the problem. The descrip- 
tive terms used may seem too broad if judged by the standards of the 
chemist ; they are sufficient by physiological standards, for the descrip- 
tion of the activities or factors concerned. 

At the outset, it should be made clear that changes in the blood are 
only a part of the more complex mechanism of hemostasis and thrombosis.* 
Vascular and extravascular factors enter into these mechanisms and, 
under certain conditions, play the dominant role. A. tendency to bleed 
may exist without detectable changes in the coagulability of blood and 
conversely, the fluidity of blood may be unusually high (as in hemophilia) 
without excessive bleeding, if the patient is exposed to ordinary' stresses. 
Nevertheless, vithin the limitations introduced by the participation of 
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vascular and extravascular factors, the mechanisms of hemostasis and 
thrombosis are unquestionably greatly influenced by the prevailing degree 
of fluidity and coagulability of the blood. 

BLOOD "EX VIVO" AND "IN VIVO” 

In our minds, most of us associate blood coagulation with the be- 
havior of blood removed from the body and observed in tubes of glass 
or similar material. While some of the facts thus learned have been 
useful, it must be realized that blood so handled is outside of the body, 
away from its natural environment, the blood vessels, and often in con- 
tact with surfaces which, like glass, have a profound effect on the physi- 
cal stability of blood. Caution must therefore boused in applying facts 
learned in this manner to conditions within living blood vessels. Circu- 
lating blood 13 under the following influences to which collected, "ex 
vivo" blood IS not exposed: 

(а) A rapidly moving current which keeps any forces in a given area 
from affecting a certain volume of blood for more than a fraction of a 
second, and assures distribution of essential factors throughout the 
circulation. 

(б) A continuous replenishment from organs through which the blood 
IS flowing, of materials required to maintain its fluidity and coagula- 
bility. 

(c) A surface (the vascular endothelium) which when intact aids in 
maintaining the blood fluid, and when damaged, releases substances 
which accelerate its coagulation. 

In contrast, blood collected “ex vivo” is stagnating blood, at the mercy 
of a fixed contacting surface, having no way of replenishing its content of 
clotting inhibitors. Unless unusually stable, blood coagulates rapidly 
after being shed and brought under these conditions. 

COMPONENTS OF THE MECHANISM FOR MAINTENANCE OF THE 
FLUIDITY AND COAGULABILITY OF BLOOD 
Circulating blood contains within and about itself all that is needed 
both to prevent or delay coagulation and to promote or accelerate it. 
The fluidity of blood is maintained by a dynamic equilibrium between 
the two following opposing groups of factors within and in contact with 
the blood: 

Anltcoagulanlt Coagvlantt 

(Factors auppressiog or delayiag eo~ (Factors promoting or accelerating co- 
agulation) agulation) 

1. Rapid circulatjon J. Slow or stagnant circulation 

2. Intact vascular endothelium (or sur- 2. Damaged vascular endothelium (or 
faces like silicone, collodion or paraf- surfaces like glass or clay) 

3. Anticephalin (antithromboplsstin) 3 Cephalin (platelets, leukocytes, tis- 

Bue cells) 

4. Antithrombin 4 Prothrombin, Ac-globulio 

5. Fibrinolysin (as profibrinolyain) 6. Fibrinogen 
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The rate of coagulation of blood when carefully estimated,* using 
appropriate surfaces, reflects the state of this equilibrium. An increase in 
certain anticoagulant factors not compensated by a corresponding in- 
crease in coagulants will incvitablj' lead to greater stability of the blood 
and a delay in the inception of clotting. This is what happens, for ex- 
ample, when heparin is administored to a patient ; the anticephalin and 
anlithrombin activiti^ of the blood are thereby enhanced and, if other 
factors remain unchanged, the anticoagulant effect becomes the dominant 
one. If, however, the number of platelets in the patient's blood were, say, 
1,000,000 per cu. mm. or more, the blood (before the addition of heparin) 
would be hiTJercoagulablc, and heparin, in the same doses, would serve 
chiefly to offset the coagulant effect of the caccessivc number of platelets. 
There would therefore be little or no change in the equilibrium between the 
two antagonistic groups and the rale of blood coagulation would be un- 
changed. This is why, uhen using heparin therapeutically against thrombo- 
embolic disease (as for example after a splenectomy), the dose may have 
to be adjusted from time to time, to offset changes in coagulant factors 
(platelets, prothrombin) naturally antagonistic to heparin. Otherwise, 
one risks giving either insufficient or excessive amounts, in either case 
falling short of, or beyond the therapeutic effect desired. 

If an excess of an aqueous tissue extract of brain is added to 1 ml. of. 
normal blood, its rate of coagulation may be reduced from about ten 
minutes to thirty seconds or less. Here the enhanced coagulability re- 
sulted from an uncompensated excess of ccphalin. If, however, before 
the addition of the tissue extract, heparin is added to the blood in ade- 
quate amounts, the rate of coagulation may again be about ten minutes, 
or in other words, the equilibrium between coagulants and anticoagu- 
lants, which had been disturbed by an excess of thromboplastin, has 
been compensated by adding an anticoagulant (heparin) with strong 
antithromboplastin and antithrombin action. 

Another example may help further to clarify the above concept. 
Dicumarol promotes the fluidity of blood by reducing its content of pro- 
thrombin, while other factors remain unchanged. This diminution in an 
important coagulant factor, when vnaccom-panied by an equivalent di- 
minution in anticoagulant factors, results in a prolongation of the rate of 
coagulation and a greater stability of the blood. Simple prothrombi- 
nopenia, however, whether spontaneously or artificially induced, does 
not necessarily result in greater stability of the blood. Often, especially 
after a large hemorrhage, there is, either through blood dilution or other 
causes, besides a decrease in prothrombin an equal or greater decrease in 
anticoagulants (anticephalin) and an increase in the number of platelets, 
the combined effect resulting in an acceleration of blood coagulation, 
despite the low prothrombin concentration. It seems clear, therefore, 
that no single component plays at all times the dominant role in main- 
taining the fluidity and coagulability of blood. It is rather the domi- 
nance of the combined effect of one group of components over the other, 
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under a given set of conditions, which determines whether the blood shall 
remain fluid, or how rapidly it shall coagulate. 

These concepts are admittedly more complex than the prevailing 
explanations for the mechanism of blood coagulation, concerned as the 
latter have been more with what happens to blood in a glass tube than in 
the vessels of a living being. The ^ple two-stage theories of coagulation 
such as that of Morawitz, and the currently proposed three-stage theories, 
tell us what makes blood coagulate; any deviations from normal are 
explained chiefly as resulting from deficiencies of one factor or another 
The practicing physician, surgeon or clinical physiologist, faced with the 
pressing necessity of evolving a rational diagnosis and plan of manag- 
ment for a patient with a bleeding or thromboembolic disorder, has 
often felt insecure when using these explanations as a guide. 


leased into the circulation only when there has been drastic destruc- 
tion of tissue and widespread cytolysis. In animals, heparm has been 
found m the blood after anaphylactic, peptone shock, and after extensive 
exposure to ionizing radiations In man, beparinemia has been found only 
m patients who have received lai^e doses of one of the nitrogen mustards ’ 
The available evidence thus far is against heparin playing a significant 
role in maintaining the fluidity of the blood, under normal conditions 
The anticoagulants which have been demonstrated in recent years in the 
circulating blood of patients ivith hemorrhagic, disorders resembling 
hemophilia,* have antithromboplastin but no antithrombin activity. 
Nevertheless, hepann constitutes, at the present time, our most useful 
tool m anticoagulant therapy. Two serious drawbacks to its wider use 
are its cost and the fleeting nature of its effect, making it necessary to 
repeat administrations at close intervals. 

THE DYNAMICS OF BLOOD COAGULATION 
What happens when normal blood is shed from the vessels into the 
tissues or on a surface like glass? Disruption of the finely adjusted 
equilibrium between coagulant and anticoagulant factors follows almost 
immediately. The changes may be separated into three phases which, 
though usually following one another, may obviously happen con- 
currently in separate portions of a given mass of blood (Fig 611). 


they are no longer offset by their antagonists in the plasma ^amamt-uiL/u 
plastin). , 

Even after cephalin and thromboplastin are released from blood an 
tissue cells, the process may not go beyond the first phase, if the quantitj 
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canaUiation and eventual disappearance of some intravascular clots. 
Such fibrinolj'tic agents, if free of undesirable side effects (wide proteo- 
Ij'tic action) may some day find application in attempts to liquefj' existing 
thrombi, and in this sense, aid in restoring tlic fluidity of the blood in 
the obstructed vessel. 

MEASUREMENT OF THE RATE OF BLOOD COAGULATION 

How can changes be detected in the fluidity and coagulability of the 
blood of a given patient? One must obviously begin by the simple 
measurement of the rate of coagulation. Unfortunately the multiplicity 
of methods used, the diverse standards and conflicting interpretations 
have helped to shake the confidence of the surgeon in such determinations. 
Conflicts in results and intcrprctalions stem principally from these 
causes: (1) The use of glass tubes. (2) Defective collection of the blood; 
cutaneous blood obtained after a cut of the skin of a finger is unsuitable 
for these examinations. (3) Single determinations. 

Measurement of the rate of coagvilation in glass tubes amounts to 
doing it aftpr addition to the blood of a “thromboplastic agent,” which 
glass may be said to represent. Glass surfaces favor the action of clot- 
promoting factors in the blood, and lander that of inhibitors like anti- 
thromboplastin, ^^^lcn blood is properly collected and placed in collodion 
or silicone coated tubes, it remains fluid from three to five limes as long 
as in glass. It seems then that blood tends to maintain its fluidity, if 
placed under conditions resembling its natural environment. Estimates 
of its rate of coagulation under such conditions arc a more sensitive 
index of the facts, than when the tests arc done in glass. Standards for 
blood coagulation in glass supply a coarse yardstick, of use only when 
dealing with wide deviations from Dormal. The blood of patients with 
mild hemophilia, severe prothrombinopenia and thrombocidopenia 
usually have normal rates of coagulation in glass tubes ; in silicone coated 
tubes significantly prolonged rates arc the rule. Of the coatings now avail- 
able, silicone seems to be the most effective. 

The method used for the past two years in the study of our patients 
with hemorrhagic or thrombotic disorders consists in collecting the 
blood \\ith siliconized syringes, and measuring the clotting time in 
three silicone coated tubes so arranged that, in the first tube, the blood is 
undiluted, and in the second and third tubes it is diluted 40 and 70 per 
cent respectively. By this means it is possible, first, to observe the be- 
havior of the blood on a surface designed to preserve its fluidity, and 
secondly, to note the effect of disruption of the balance between coagu- 
lants and anticoagulants brought about by dilution. 

Table I lists the clotting time of blood with various defects, as measured 
in glass, collodion and silicone coated tubes. If the blood is properly col- 
lected and its stability is high (eg., hemophilic blood) a wide differ- 
ence is observed between its rate of coagulation in glass when contrasted 
with that in silicone. When the stability of blood is reduced (posthemor- 
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rhagic blood) and its coagulability correspondingly enhanced, little or 
no difference may be observed betireen the rate of coagulation on the 
three types of surfaces. Other examples of different degrees of stability 
of the blood are given in the table. On glass, the rates of coagulation may 
not differ significantly from normal, though obvious defects in the blood 
are present. A difference becomes evddent when the blood is allowed to 
clot on silicone or collodion surfaces. TVTien the blood becomes hyper- 


TABLE 1 

The Rate op Coigulation of Variocs Ttpes op Blood in Co.vtact rith 
Three Ttpes or Sobpace (I Ml. op Blood at 3S“C) 


Clotting Time (seconds) 


Surface of Tube 

1 

Normal i 
(1) 1 

1 

1 

Heipo- 1 
piulic 
(2) 

Hepar- 
inized ' 
(3) 

Tbroin- ' 
bocyto - 1 
penic 1 
(4) 

Pro- 1 
throm- 1 
bino- 
peme 
(6) 

Post- 
bemorrb. 
Hyper- 
coagul- 
ftble (6) 

Ghss 

m 

(±198) 

974 

(±351) 

2.S20, 

!»S5 

350 1 

530 , 

175 

Collodion 

13,300 

3.960 

1,770 

1 

2,160 

320 

Silicone 

1.756 

(±414) 

>$lirs 

18,900 

2.690 

3,710 

410 


1 . Afean ds standard deviation of readings from 8 normal subjects. 

2. Patient rrith hereditary hemophilia 

3 Patient receiving heparin for thrombophlebitis 

4 Platelet count 20,003 per cu. ram blood. 

5. Prothrombin 13 per cent, 1-slage method. 

6. Patient mth menorrhagia for 1 month. 

Prothrombin normal (1-stage method) in all patients except 5 

lining endothelium remains intact or almost so, if stasis or other favorable 
factors are introduced. 

The response of x\holc blood to dilution by physiological saline solu- 
tion CO 85 per cent sodium chloride) supplies some additional informa- 
tion regarding the state of the equilibrium between coagulants and anti- 
coagulants Figure 612 gives examples of the results of dilution of coTOai 
blood and blood xvuth various defects. When blood of high stability 
having an excess of dot inhibitors (such as that of hemophilics ot 
heparinized patients) is diluted, it dots faster, until dilution is camw 
to a point where the concentration of prothrombin is so reduced that t^ 
rate of coagulation begins to lengthen. Normally, dilutions^ below ^ 
per cent are neeessarj' to produce this effect. The blood of patients 
hemophilia or that of heparinized patients can be diluted to lower con- 
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is small or slowly liberated, or enough anticephalin is available for its 
inactivation. In any event, if there is insufficient cephalin or thrombo- 
plastin, prothrombin remains unconverted, and without thrombin there 
IS no clotting. 

Second Phase. — If enough cephalin is available, the process goes on 
to the second phase, or the conversion of prothrombin to thrombin. The 
rapidity of this conversion depends on the amount of cephalin liberated 
from the cells and not inactivated by anticephalin (or, in other words, 
on the results of the first phase), and an “Accelerator Factor” also des- 
ignated as Ac-globulin, Factor V, “labile factor” or thrombogen. Since 
shed normal blood contains an excess of platelets, prothrombin and ac- 
globulin, once changes in these coagulants get under way their products 
mount up rapidly, the reaction assuming an autocataU'tic character. 



Fig 611 


Tins is especially so when the surface, rate of movement of the blood and 
other surrounding conditions favor changes in the coagulants and hinder 
the action of the inhibitors, which in the usual concentrations are power- 
ess to check a rapidly mounting titer of thrombin. 

Third Phase . — jis thrombin is formed the process enters its third 
phase, namely the action of thrombin on fibrinogen adth formation of 
fibrin. Here the amount of fibrin formed depends on the rate and amount 
of thrombin available and this in turn hinges on the existing quantity 
of prothrombin and Ac-globulin and the effectiveness of antithrombin. In 
normal blood, the titer of thrombin is built up so rapidly that it acts 
on fibrinogen before antithrombin has much opportunity of exerting its 
full action. 

The density of the clot depends to a large extent on the quantity of 
fibrinogen present, and the proroptn^ and thoroughness of its re- 
actmty to the formed thrombin. In normal, stagnating, "ex %’ivo” 
blood, nearly all the fibrinogen is changed into fibrin, once coagulation 
starts. "WTien the inception and progre^ion phases of coagulation are 
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rhagic blood) and its coagulability correspondingly enhanced, little or 
no difference may be observed between the rate of coagulation on the 
three types of surfaces. Other examples of different degrees of stability 


clot on silicone or collodion surfaces. When the blood becomes hyper- 
coagulable because of a depletion of inhibitors (as after a severe hemor- 
rhage) it clots in silicone coated tubes almost as rapidly as if it were in a 
glass tube. Such blood may well clot within the vessels, even though the 

TABLE 1 

The Rate or CoiOuLAXioN or Various Ttpes or Blood in Contact min 
Three Ttpes op Surface (1 Ml. or Blood at 38®C) 


Clotting Tune (seconds) 


Surface of Tube i 

Normal 

(1> 

llemo- 1 
philic 
(2) 

Hepar- 
ioi'sed 1 

(3) 

Tbroro- 

bocyto- 

pcnic 

(4) 

Pro- 
throw- , 
bind- 1 
penie i 

(5) ! 

Post- 
heffiorrh. 
Hyper- 
cosgul- 
able (6) 

Glass 

$S8 

(±m) , 

2,S30 

055 

3S0 

530 

175 

Collodion 

974 

(±351) 

13.300 

3.060 

1,770 

2,160 

320 

Silicone , 

1,756 

(±414) 

! >6 hra. 

i 

13,000 

2,590 

3,710 

i 

1 410 

i 


1 Afean standard deviatioo of readings from 8 normal subjects. 

2. Patient with hereditary hemophilia. 

3 Patient receiving heparin for tbrombopblebitb 

4 Platelet count- 20,003 per cu nun blo^. 

5. Prothrombin 13 per cent, 1-stage method. 

6. Patient with menorrhagia for 1 month. 

Prothrombin normal (l-stage inetbod) in all patients except 5 

lining endothelium remains intact or almost so, if stasis or other favorable 
factors are introduced. 

The response of whole blood to dilution by physiological saline solu- 
tion (0 85 per cent sodium chloride) supplies some additional informa- 
tion regarding the state of the equilibrium between coagulants and anti- 
coagulants Figure G12 gives examples of the results of dilution of nonnal 
blood and blood with various d^ects. When blood of high stability 
having an e.xcess of clot inhibitors (such as that of hemophilics w 
heparimzed patients) is diluted, it dots faster, until dilution is carriw 
to a point where the concentration of prothrombin is so reduced that 
rate of coagulation begins to lengthen. Normally, dilutions be!ow_^ 
per cent are necessary to produce this effect. The blood of patients with 
hemophilia or that of hepariniied i^tients can be diluted to lower con- 
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ccntrations before its rate of coagiilatioii exceeds that of the undiluted 
control. The bloods of patients with prothrombinopenia and thrombo- 
cytopenia behave on dilution like normal blood,' provided their content 
of clotting inhibitors has not been proportionally reduced. In such in- 
stances the blood will be hypercoagulahlo in silicone tubes, and dilution 
mil prolong the rate of coagulation, even though prothrombin and 

EFFECT OF DILUTION ( 0.85 % NaCI ) 

ON RATE OF COAGULATION 
OF BLOOD WITH VARIOUS DEFECTS 
(Total vol. — I ml. Silicone tubes, 38"C.) 


50.000^ 

2. 

3. 


S i 

HemophtUc 

Heparin- 



\/ 

NT 

5. Pro- 

!a 1 0.QOOi 

\ 

Ihrombino- 



penfc 




I Pro.=l4^1 

o, 1000- 
•5 : 

k. 

Normal 

v. 

ThromboeyfO' 

penlc 


-S 


(Ploltoco) 

hemorrhagic 


1 6’0 r l6l ^ 1 16 

1 ’ 10 

100 30 

lOO 30 

00 30 


Per cent concentration of blood 


Fig. G12. — Blood collected with silicoac coated Byrioges and needles and placed 
in three silicone coated tubes. 

Tube 1: 1 ml. of blood (100 per cent blood concentration). 

Tube 2; 0.6 ml. of blood plus 0.4 ml. 0.85 per cent Sodium chloride (OO per 
cent blood concentration). 

Tube 3; 0.3 ml. blood plus 0,7 ml. 0.85 per cent sodium chloride (30 per cent 
blood concentration). 

The heparinemic patient was receiving heparin intravenously because of 
thromboembolic disease. The posthemorrhagic blood was obtained from a pa- 
tient after a massive hematemesis (peptic ulcer). 

platelets be greatly decreased. The hypercoagulable blood from patients 
who have had a recent acute hemorrhage likewise stands dilution poorly ; 
its rate of coagulation is prolonged from the start (Curve G, Fig. 612). 

Simple dilution of blood in silicone tubes may then be used to detect 
variations in its stability. Patients whose blood conforms to the normal 
curve (Curve 1, Fig. 012) are well provided with stabilizing inhibitors, 
and should need no anticoagulant therapy. Those whose blood behaves as 
in ^rve 6 may have to have anticoagulant therapy, if other clinical 
indications make the likelihood of thrombosis high. 
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thromboembolic complication in patients with such tendencies, the 
following precautions may be profitable: 

(a) Reduce the duration and extent of the operative procedure to the 
minimum compatible with necessity. 

(h) Use gentle manipulation of the viscera, especially where there are 
large collections of veins in dependent areas of the circulation (pelvis, 
groin). 

(c) Attempt to control or reduce an infectious process by prompt and 
adequate antibiotic therapy. 

(d) Avoid excessive blood loss and the consequent blood dilution and 
hypercoagulability. 

(e) Consider the use of anticoagulants whenever there exists, or has 
existed, occlusive vascular disease or previous thromboembolism 

(/) Discontinue vitamin K therapy promptly after an operative pro- 
cedure, when it has become clear that there is no further danger of bleed- 
ing. 

3. Coagulants and Anticoagulants. — If the examinations have dis- 
closed that a defect in coagulation is responsible for the disorder, then 
efforts should be made to detect which of the aforementioned factors is 
involved The two commonest causes of delay m the rate of blood coagu- 
lation are a diminution in prothrombin and in the blood platelets. Either 
or both defects when present iviIJ upset the equilibrium between coagu- 
lants and anticoagulants, the anticoagulants then assuming the domi- 
nant role. A 1 ss commonly detected cause is an increase in antithrombo- 
plastin, examples of which are being reported with increasing frequency,* 
In so far as the prothrombinopenia is concerned, the most rapid way of 
correcting it is with a transfusion of blood or plasma. Most times it is not 
necessary that the plasma be fresh, since even when it is as old as ten 
days its content of prothrombin is sufficient for the temporary correction 
of the deficiency. Vitamin K in the form of one of the water-soluble com- 
pounds should also be given to aid in the production of prothrombin. 
The amount required varies with the capacity of the liver for prothrombin 
formation In most instances 2 to 5 mg by mouth or parenterally daily 
should suffice. If there is advanced hepatic insufficiency, or after pro- 
longed Dicumarol therapy, doses between MK) and 500 mg. daily may be 
required. 

A deficiency of platelets can best be combated temporarily by a trans- 
fusion of fresh unmodified blood (direct blood transfusion) If a direct 
blood transfusion cannot be given, the next best resort is a transfusion 
of freshly citrated blood, collected in such a manner that there is a 
minimum of injury to the blood platelets. The ordinary vacuum suction 
methods generally available for the collection of citrated bfood are not 
suitable. The blood should be collected in 50 or 100 cc. lots from the 
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donor, into a syringe holding the required amount of sterile citrate 
solution; immediately after the entire collection in finished, the citrated 
blood is infused or injected into the recipient, thereby reducing the 
chance for any lasting damage to the platelets to occur. 

Sometimes there is reason to believe that a hypcrcoagulable blood is 
placing a part in producing or enhancing thromboembolism. Perhaps 
the commonest causes for hypercoagulability arc (o) an increase in the 
number of platelets and (6) a decrease in antithromboplastin and per- 
haps antithrombin with a resulting more rapid conversion of prothrom- 
bin. No satisfactoiy method for reducing the number of platelets in a 
patient with thrombocytosis is yet available. To overcome hj'pcrcoagu- 
iability of the blood, two measures arc available: 

(a) Increase the anticoagulant content of blood by administering an 
inhibitor like heparin which has an nntithromboplastin as well as 
antithrombin action. 

(b) Ueducc the effectiveness of the coagulants by the use of Dicu- 
marol, which interferes with the formation of prothrombin and thereby 
makes less thrombin available for clotting. 

In spite of a large working margin of safety it is important to remember 
that any measure designed to influence this mechanism requires frequent 
control, since the forces within the body, being constantly at work, 
may tend either to c-Yaggerato the effect of the therapy or offset it, 
in one way or another. Anticoagulant therapy is intended not only to 
maintain the fluidity of the patient’s blood but possibly to increase it 
somewhat over a temporary period during which there is reason to 
believe (because of a recent operative procedure, previous thrombotic 
episodes, subendocardial or subintimal infarctions) the fluidity of the 
blood is impaired, or may with profit be enhanced. With the means 
available al present, most anticoagulant therapy is best regarded as a 
therapy of emergency, as is for example the treatment of congestive 
heart failure or of diabetic acidosis, except that, unlike these states, 
the “emergency” may extend into several weeks, or as long as existing 
conditions strongly favor the development of thromboembolic complica- 
tions. It follows that the patient receiving anticoagulants must be under 
close obsei^'ation to make reasonably certain (a) that the desired 
fluidity of the blood is actually obtained and (6) that there is no excessive 
bleeding. 

To date heparin and Dicumarol remain the most commonly used 
anticoagulant agents. Future efforts to maintain and enhance the 
fluidity of the blood will perhaps involve the use of the natural inhibitors 
found in the blood and largely responsible for maintaining it fluid. 
There are indications that a lipid antithromboplastin is concerned in 
this function.® The fact that the duration of its effect when injected 
intravenously is greater than that of heparin similarly injected® may 
make the use of the lipid preferable to heparin in the management of 
thromboembolic disease. 
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FLUID AND ELECTROLYTE REPLACEMENT FOR THE SURGICAL 
PATIENT 


James Walkeii, Jr., M.D.* 

The general concepts governing fluid exchange in the surgical pa- 
tient have been discussed in a recent review article by Ravdin and 
Walker.^ There is general agreement as to the care of the simple surgical 
case. However, the care of the patient with exceptionally large losses 
of fluid from the stomach and small bowel remains, at times, a difficult 
problem, and this present report is devoted largely to it. A method of 
handling such a case is outlined and some general principles in the man- 
agement of such cases are discussed. 

REPORT OF A CASE 

L. Me. A. was a 08 year old white man admitted following a four day his- 
tory of generalized abdominal pain, distention, nausea and vomiting. Upon 
admission he was found to markedly dehydrated, with evidence of small bowel 
obstruction His blood volume was two liters below normal, ndth an hematocrit 
reading of 70 per cent cells. Determination of "tliiocyanate available fluid” 
showed a deficit of about 4 liters His plasma chloride level was 94 milliequiva- 
lents per liter. Prior to operation he was given a liter of blood, 050 ml. of plasma, 
1100 ml. of physiological salme solution and 1100 ml. of 5 per cent glucose in 
water by intravenous route. 

At operation he was found to liavc an appendiceal abscess obstructing the 
blood supply to about 3 feet of terminal ileum with resulting gangrene of this 
portion of the small bon’d. The nonviable ileum was resected, a double barrelled 
ileostomy being formed. The appendiceal abscess was drained and the appendix 
removed. On the third postoperative day, the ileostomy began to drain 3 to 4 
liters and an additional 1500 ml. were removed from the stomach through a 
Levine tube Figure 614 illustrates the amounts of electrolyte being lost by 
this patient. 

During this period of marked fluid and electrolyte loss, it was necessary 
to collect all drainages and to analyze aliquoto for their electrolyte content 
As nearly as possible, a quantitative replacement was made of the fluid lost. 
It was helpful to estimate the total cldoridc requirement initially from the 
“thiocyanate available fluid” and the plasma chloride level, and to keep a 
record of the chloride e.vchange for estimation of daily fluid requirements. A 


four hour period. 
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Fig 614. — ^The maximum twenty-four hour electrolyte loss in a surgical pa- 
tient draining smaU bowel content from an enterostomy. This figure ebows 
graphically the relative concentration of the common electrolytes in urine, gas 
trie drainage, ileostomy drainage and in sweat in the case of the patient reported. 
The stick graph gives concentrations in imllieciuivalents per liter of the respec- 
tive fluids 

The subscript hats the lota! smounta of electrolyte lost by this patient in a 
given twenty-four hour period. I^ia represents the maximum Joss during tie 
period of drainage which lasted for several ireeJcs Quaalitativc coUectioo was 
made of unne and drainage The sweat electrolyte content was estimated by 
analysts of filter paper patches placed on the patient's skin. 

It rvas possible to mnintain this patient with large volumes of mtravenous 
electrolyte solution, including Ringer's solution and potassium chloride Re* 
peated blood transfusions were also necessary. Eventually It was possable to close 
tile ileostomy and Una patient has made a complete recovery. 

This case is illustrative of the small percentage of general surgical 
patients whose fluid balance problems are not easily handled. The pa- 
tient with a fistula at some point in the stomach or small intestinal 




Days 

Fig. 6\5,— Total oxchaoga in extracoUvilar cWotidc. TUla figure Ulustratea the 
exchanges occurring in the total extracellular chloride in the case reported. By 
“total extracellular chloride," the author means that amount of chloride found iri 
the plasma volume and in the interstitial Huid. This is calculated clinically by 
measuring the "thiocyanate available fluid" and the plasma ehlorvdc concenlra. 
tion. The total extracellular chloride is calculated on the assumption that the 


patient’s actual extracellular chloride was calculated and on the basis of this and 
a measurement of the total chloride loss and intake on succeeding days, the 
fluctuations in total extracellular chloride were calculated and plotted as the 
curving ime As a check on the reliability of such calculations, additional de- 
terminations of the “thiocyanate available fluid" and of plasma chloride were 
made at sveeral points, and the calculated total extracellular chloride on the 
basis of the data is plotted on the graph as a small square. It will be seen from 
inspection that there is a reasonably close agreement between the value calcu- 
lated from loss and gam of ghloride epch day, and the value calculated from 
the actual measurement of total extracellular chloride. 

tract loses large amount^lof water and electrolyte which would be 
normally reabsorbed. There is often serious impairment of nutrition. 
The escape of intestinal secretions may take place through an abnormal 
passage, created by trauma, infection or operation. The loss of secretions 
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may occur quite as readily when prolonged suction is applied to ao 
indwelling tube in the stomach or snuill bowel. These patients may lose 
as much as 7 liters of electxdyte sdution each day. The maintenance of 
normal water and salt relationships is often a difficult matter in such 
cases. 

I have found it helpful to estimate the deficits in these cases of (I) 
total circulating plasma protein and red cell mass, (2) water, particu- 
larly the interstitial water, and (3) the sodium and chloride ions. 

ESTIMATION OF DEFICITS IN DEHYDRATED PATIENTS 

Estimation of Circulating Blood Volume.—The determination of 
total circulating plasma protein and red cell mass necessitates measuring 
the plasma volume or total blood volume. 

The technic for measurement of any volume of fluid within the body 
js based on the principle of dilution. A known mass of a traceable sub- 
stance is introduced, which by its chemical or physical properties is 
presumed to be confined to the fluid space in question. After adequate 
mi.\ing of the test substance %\ithin the fluid compartment, a sample of 
the fluid is analyzed for the test substance and the effective volume of 
the fluid in question can be determined from the concentrations meas- 
ured. 

Plasma volume may be conveniently measured by the use of the blue 
dye T-182i.*' * This substance mixes udth the circulating plasma volume 
in the normal patient within about fifteen minutes. It is sloady lost from 
the circulation at a rate which is a constant for the given patient under 
the conditions of the given day. It has been found necessary to know 
accurately the amount of dye pven and to obtain plasma dye concen- 
trations at three different times following injection (usually fifteen, 
thirty and forty-five minutes). In addition, any samples showing hemol- 
ysis should be discarded. 

linowing the plasma volume and the plasma protein concentration, 
one may calculate the effective circulating plasma protein. In a simtlar 
manner, using the hematocrit reading, one may obttun a value for red 
cell mass or total blood volume. 

These figures thus obtained arc compared ivith a theoretical nonnai 
figure related to height and ideal weight. From such comparisons the 
deficit is measured and replacement therapy can then be instituted. 

Estimation of the Interstitial Water. — ^This fluid volume is also 
measured with a dilution technic, using a test substance which has the 
ability to diffuse uniformly throughout the extracellular space, including 
the plasma volume. Substances employed fall into two general groups; 
the inert carbohydrates and electrdytes. In the former group are such 
substances as inulin and manntto!, while the electrolytes used commomy 
are sodium, chloride and thiocyanate. The determination of the carbo- 
hydrates is time-consuming, whereas, the electrolytes are more easuy 
determined. None of the electrolytes ate ideal for they all pass into cel » 
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to some extent. However, here agam, as with the T-1824 technic, if the 
normal values are determined in the same manner, one obtains reliable 
data on relative shifts in this fluid compartment. 

For purposes of the present study, 0.7 gra. of thiocyanate* (20 ml. of 
a 5 per cent solution of sodium thiocyanate) were injected following 
withdrawal of a blank blood specimen. Allowing one hour for equilibra- 
tion, a second blood specimen was taken, as W’ell as a quantitative 
collection of urine voided during the hour. The “thiocyanate available 
flnid” space was then calculated from the concentrations, allowing for 
urinary loss. Care was taken to avoid determination of the thiocyanate 
space w’hile patients w’cre receiving intravenous glucose solution. Other 
investigators have shown in experimental animals that an infuaon of 5 
per cent glucose in water increases permeability of muscle and skin 
cells for thiocyanate, thereby producing a spuriously high result. This 
observation has been confirm^ in the human subject in the present 
series of observations. Apparently the effect is noticeable only at the 
time that the glucose infusion is in progress. 

By subtracting the plasma volume from the “thiocyanate available 
fluid” volume, one may obtain the interstitial fluid volume. 

Estimation of Sodium and Chloride Deficits (Knowing the “thio- 
cyanate available fluid” volume and the plasma volume). — In the case 
of the markedly dehydrated patient seen for the first time in the hospital, 
one is faced immediately with the problem of correcting such a state and 
possibly of preparing this patient for emergency operation. 

It has been found helpful to make an immediate estimate of the 
patient’s plasma and blood volume, serum sodium and chloride, and of 
the “thiocyanate available fluid”. These determinations require about 
one and one-half hours time during which replacement of blood and of 
salt solutions may be in progress, the total amount replaced being sub- 
ject to the results of the analysis. 

An index to the amount of salt-containing fluid needed in such emer- 
gency cases may be obtained from the “thiocyanate available space” 
and the plasma chloride concentration. Assuming for the purposes of 
rough calculation that the chloride concentration in the extracellular 
space is the same as that of the plasma, then the follow'ing formula will 
give the required chloride replacement in milliequivalents. 

Where W = hotly weight in kilograms 

P = plasma chloride concentration in milliequivalents 
E = measured thiocyanate space in liters 

Then: 

2lW — PE = chloride deficit in milliequivalents. 

Replacement of this chloride deficit is then accomplished rrith physio- 
logical saline solution on the basis that 1 liter of 0.9 per cent sodium 
chloride contains approximately 154 milliequivalents. 

The advent of the flame photometer has greatly simplified deter- 
mination of sodium and potassium content of biological fluids. Knowing 
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sodium concentrations of plasma, it is possible to calculate sodium 
deficits in these patients in a manner similar to that used for total extra* 
cellular chloride. 

MAGNITUDE OF WATER AND ELECTROLYTE LOSS 

The pattern of electrolyte depletion is dependent naturally on the 
volume and salt content of the secretion lost. Table 1 illustrates the 
relative concentrations of some electrolytes in secretions lost from the 
upper gastro-intestinal tract. 


TABLE 1 

Total Extracellular Chloride ahd Chloride Exchanoe (mEq ) 
L Me. A. 6S kg Theoretical normal extracellular space 14,300 ml. 


Day ! 

Out 1 

Id I 

1 

Plasma 

Chloride 

Tbjoey- 
aoate 1 
Space ' 

Measured 
Extra- 
cellular 
Cblonde I 

, Estimated 
Extra- 
cellular 
Cblonde 


mEg 

mEg 

mEq /I. 

ml ' 

nEg. 

mEq 

1 ' 

151 ' 

300 ' 

02 

12,300 ' 

\na 

1268 

2 

263 

373 

8S 



1378 

3 

658 

609 ' 

87 1 

13,700 

1190 1 

1219 

4 

711 

861 

87 ; 



1369 

5 

565 

546 

85 1 



1350 

6 

466 

415 

92 

14,400 

1320 I 

1299 

7 

535 

727 1 

106 



1491 

8 

ISS 

339 




1675 

9 

456 

261 

109 

16,300 

1420 1 

1480 

10 

353 ' 

320 1 

95 




11 1 

26S 1 

420 1 

102 

1 




In general, gastric juice contains a preponderance of chloride although 
sodium and phosphate are lost in considerable quantity. The patient 
with pyloric obstruction, therefore, will develop an alkalosis, due to t^ 
loss of excessive quantities of chloride ion There will be a marked 
dehydration accompanied by some lowering of total base as the result of 
sodium loss and as a compensatory action by the body to avoid extreme 
alkalosis. _ . , 

The loss of bile and pancreatic juice in addition to gastric juice in- 
creases the volume of fluid and electrolyte lost. Because of the composi- 
tion of these secretions, the loss of sodium is proportionately greater than 
in the loss of gastric juice alone. 

The volume of secretion lost is as important as the electrolyte concen- 
trations. Patients with pyloric obstruction will lose 2 to 3.5 o 
sodium and 6 to 10 gm. of chloride in a total volume of 1.5 to 2.5 liters 
The patient with a duodenal or high jejunal fistula will lose 0 to 10 gm- 
of sodium and 10 to 20 gm. of chloride in a volume of 3 to 5 liters o 
fluid. 
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The patient with a low small intestinal fistula will lose a secretion 
approximating mammalian Ringer’s solution. The volume of fluid lost 
will be much greater than at a point high in the gastrointestinal tract, 
amounting to as high as G to 8 liters a day, containing as much as 35 gm. 
of sodium chloride. 

The problem of replacement therapy in these patients is almost an 
individual matter. In general, it is obvious that they must have water 

TABLE 2 


Concentration op Electrolttes Lost in Gastric Secretion 


Patient 

Millicquivalcnts per Liter 


Na 


Cl 

P 

P. B ' 

Pyloric obstruction 

8 S 

6 

34 

10 

J. K. ' 

Pyloric obstruction 

66 

i 15 

ss 

; SO 

M. E. 1 

Pyloric obstruction 

57 

6 

112 

2S 

H.deG. 

Gastric suction 

116 

6 

126 

51 

C. B. 

Gastric resection 

no 

in 

OS 

1 

A.P. 

Gastric resection 

70 1 

n ' 

25 1 

15 

H. M. 

Gastric resection 

W 

5 

10 s 

3 


TABLE 3 


The Concentration of Certain Ions in a Number of Solutions Commonly 
Used for Intravenous Admini.stration 



Na j 

. J 

Cl 

Grams 

per 

100 ml 

mEqyi. 

Grams 

per 

100 ml 

mEq /I 

; Grams 
per 

100 ml 

1 

mEq /I 

PSS 

3 33 

145 



5 17 

145 

Amigen . 

0.79 

34 

0 07 

1 8 

1 21 

34 

Ringer’s 

3.11 

135 

0 24 

8 

4.30 

121 

Na and KCl 

1 67 

73 

3.14 

so 

5 43 

153 

Plasma 

3 34 

145 

0 15 

3.8 ' 

3.65 

103 

Blood 

1.84 

80 

0 20 

5 1 

2.91 1 

82 

2 % NH 4 CI 





13.3 

372 

M /6 Na Lactate 

3.83 

162 






and the proper salt replacement to overcome dehydration. The use of 
glucose is preferred to other sources of caloric intake because it supplies 
added water in the course of metabolism. The use of protein in the de- 
hydrated patient has the disadvantage that its metabolism requires 
water for excretion of nitrogenous wastes. 

No two patients with pyloric obstruction will lose fluid of the same 
electrolyte pattern. This is equally true for fluid loss from any part of 
the bowel. Table 2 illustrates the electrolyte content of gastric drainage 
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m a group of patients with p^oric olwtmction, and in a few patients 
who have had delayed gastric emptying following gastric resection. 
The difference in gastric acidity alone is responsible for much variation! 

The same variation in electrolyte content is found among patients 
losing fluids from other parts of the bowel. In addition, patiente may 
lose secretions from more than one portion and their total loss will be 
correspondingly greater. 

Because of these variations, it has been found advisable to have 
available a variety of solutions for correction of fluid deficits. A list of 
some solutions with their salt contents is given in Table 3. Using these 
singly or in combination, corrections may be made for deficits in cir- 
culating blood volume, dehydration and coexisting alkalosis or acidosis 

THE OCCURRENCE OF POTASSIUM DEFICITS IN DEHYDRATION 

The patient on parenteral fluid replacement, taking nothing by mouth 
for long periods of time, will frequently develop low serum potassium 
levels. Values of the order of 2 milliequivaJents per liter are commonly 
seen, the normal range being 3.5 to 5 mflhequivalents. In spite of a 
complete absence of potassium in the intake, these patients will con- 
tinue to lose potassium in the urine. There is apparently little or no 
attempt on the part of the kidney to conserve this cation. There Is also 
a continued loss in gastrointestinal secretions which, with the urinary 
loss, may total several grams daily. 

The objective evidence for a state of potassium depletion e-xists in 
observation of electrocardiographic clmnges in these patients and in 
measurement of the amount of retention of administered potassium.|'* 

Patients in diabetic acidosis or patients with low scrum potassium 
levels during a period of prolonged parenteral feeding without potassium 
replacement will develop characteristic Ekg changes, such as prolonga- 
tion of the S'T segment and flattening or inversion of the T waves 
These changes are reversed upon administration of potassium solu- 
tions.^- These same patients when given potassium solution will 
retain the greater portion of it, whereas, normal individuals excrete 
much of the added electrolyte. 

Apparently this state of potassium depletion is mediated in large part 
by the kidney in the absence of potassium intake. Regardless of the 
lack of potassium in the intake in these patients, the kidney continues 
to e-xcrete 0.5 to 1 gram of potassium daily. In a state of dehydration, 
water is lost from the plasma volume and extracellular fluid volume 
initially. As dehydration advances, ^ere is a loss of water from the 
intracellular space with a resultant shift of sodium into the cells and 
potassium out of the cells. The potassium thus displaced is mmediBteiy 
excreted. The effect of this so-called depletion is as yet not clearly 
stood. States of othenvise unexpUuned alkalosis have been noted wit^ 
hypochloremia which were refractory to therapy until potassjum is 
also ^ven. With plasma sodium concentrations in the normal or low 
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normal range, such patients develop blood pH of the order of 7.55 and 
show climeal tetany in extreme eases. 

REPLACEMENT OF OTHER IONS 

The question may be logically raised as to the importance of replacing 
ah substances lost in abnormal fluid drainage. Obviously this is ideal, 
but with tlie methods available at the pr<»ent time it has seemed imprac- 
tical from the point of view of the number of patients requiring such 
care and the time and effort required to do the requisite analyses to make 
up the fluids for replacement. 

In eases of prolonged fluid loss from such routes as duodenal fistula 
or ileostomies, it has been customary to use a mammalian Ringer’s 
solution and to supply additional fluid and ions as required to correct 
obvious imbalance. 


COMMENT 

In the management of the simple sui^ical case, one may assume cer- 
tain average fluid losses and base replacement therapy upon these 
figures with reasonable assurance. 

In a small percentage of surgical eases, there is an exceptionally largo 
loss of fluid and electrolyte by abnormal routes. These patients present 
complex problems m the estimation of existing deficits and in estimation 
of daily replacement needs. 

It is believed that one may obtain information useful in the handling 
of this type of patient from a tew estimations. 

An estimate of the plasma volume is helpful when considered in 
conjunction with determination of plasma protein and the hematocrit 
reading. One may calculate deficits not only in the fluid volume of the 
plasma but also in the total circulating protein and in the red cell mass or 
total circulating blood volume. 

An estimate of the “thiocyanate available fluid” gives a clue to the 
state of hydration of the interstitial space. The “thiocyanate available 
fluid” minus the plasma volume is the interstitial space. In the normal 
individual, the “thiocyanate available fluid" is about 21 per cent of the 
body weight. 

Determination of plasma chloride and sodium in conjunction ivith the 
“thiocyanate available fluid’' permits the calculation of total extra- 
cellular chloride and sodium. This is useful as a base line estimate of 
electrolyte deficiency and makes possible more reliable estimates of the 
needs of the body for sodium and chloride than have been possible by 
clinical methods based on ionic concentrations alone. 

By starting with an estimation of the total extracellular chloride and, 
keeping a careful record of volume and electrolyte content of all secre- 
tions lost, the clinician can estimate the patient’s daily fluid and elec- 
trolyte replacement needs. 
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The obseiration of urinary electrolyte excretion or of plasma elec* 
trolyte levels alone -will often ^ve incomplete or actually misleading 
information. 

In the patient who is receiving parenteral replacement for long periods 
of time, it is Relieved that the aininistration of potassium in addition 
to other ions is warranted. The kidney in such patients continues to 
excrete potassium mobilized from the cells, in spite of an apparent over- 
all deficit. In replacing potassium, one must exercise care in the case of 
patients with poor renal function, as such individuals unpredictably 
retain potassium and hyperpotasscmia is a potential cause of cardiac 
arrest. 


SUMMARY 

In patients with severe fluid Imbalance, determinations of plasma 
volume and of "thiocyanate available fluid/’ in addition to the usual 
determinations of the hematocrit and of the concentrations in the plasma 
of chloride carbon dio.xide and protein, are of great assistance. They 
pennit much more quantitative estimations of the patients requirements 
for red cells, plasma protein, water and salt. 

The flame photometer makes practical the determination of sodium 
and plasma in body fluids and affords additional information of great 
value. On the basis of data obtained in this way, it appears that the 
replacement of potassium ions is ivarrantcd in most patients receiving 
prolonged parenteral replacement therapy. 
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emgeiy, anesthesia for, condutt of, 
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curare in, 1949 Oct , 1574 
symposium on, i947‘ April, 231, 
1943. April, 305 

viscera, eoiia, perforations, treai- 
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wall, endometriosis of, 1649; April, 
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wounds, closure, suturea for, t949 
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penhepatic, surgical JnflDagejncDt, 
1948 June, 685-602 
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prostatic, 7947 Dec , 15.1'? 
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subdural, acute, 1945' Oct , J2S9-1297 
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thenar space, 1948’ Feb 36 
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Adenitis, cervical, acute, 1948: Feb, 
60 
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Adenocarcinoma of kidney, 1919' Oct , 
1496, 1498. 1499 

of nose, throat and tnoutb, 19435 
Aug , I09S 

Adenoid remnants, 1948- Feb., 89 
Adenoma of breast, 194S‘ Feb., 96 
of bronebus, bronchoscopy in, f947-* 
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of pancreas, islet cell, 1949 Dec ,1813 
with hypoglycemia, 1947' April, 
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of parathyroid glands, 1947. June, 477 
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racic and intrathoracio, 1947: 
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Oct ,117l-Jl&4 

Adenomyosis, hysterectomy for, I94 Tj 
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Adenosis of breast, J'949’ Oec , 1663 
Admaa-l giarul, tumota, sympathetic, 
J947 Juno, 605 
urograpliic findings in, 1948; 
Aug . 1071-1078 

Acrosponn, use in surgery, 1949- Oct , 
12SX> 

Aged patient, seute abdominal disease 
in. 1945 Oct.,1361-1369_ 
bilinrv tract emergencies in, 1949' 
April, 361-363 

elective surgery in, 1948: Oct, 
1341-1350 

prost.ntism in, f948' Oct , 1351-1359 
irochanieric frartures of femur \a, 
7945* Oct .1371-1379 

AhlfeW’s method for measuring growth 

of fetus, /94s 000,1489 
Air insufflation, perirenal, in kidney 
tumors, 1949' Oct , 1494 
Albright’s avndrome, 1947. June, 741 
Albumin-globulin ratio in 

ms- June, eoo, 1949 Aug ,1070 
Alcohol, efTects, in prostatJe obstruc- 
tion, 7945-Oct , 1152 
iotraspinal, for control of pam, 7“4'- 
Dec , I3S6 

intravenous uses, 194?' Dec , j5‘U 
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Alkali burns of eye, 1948: Feb., M 
Alkaline phosphatase levels, in jaan- 
dice, 1948: June, 600; 1949: Aug., 
1074 

Alkalosis in surgery, 1947: Feb., 219 
Alkathene tube anastomosis of scx'ered 
arteries, 1948: April, 3S1, 3SG 
Allen’s sign in pulmonary embolism, 
1947: Oct., 1038 

Ambulation in prevention of pul- 
monary embolism, iflJS: April, 349 
Amebiasis, testa, 1549: April, 4S2 
Ammonium salt solutions for ncrv'c 
block, 1947: Dec , 1359 
sulfate, intraspinal, for control of 
pain, 1947: Dec., 1357 
Ampulla of Vatcr, carcinoma, radical 
pancreaticoduodenal resection 
for, 1947: Oct., 1032 
fibrosis, use of longT-tube in, 1948: 
June, 666 

Amputationfs), 1949: Feb., 223-242 
cineplastic, of arm, 1949: Feb., 234 
Gritti Stokes, 1949- Feb , 220 
in pcnpheral va.8cular disease, 1948: 
April, 300 

of cervix uteri, 1948: Feb., 225 


open-flap, 1949; Aug., 19i9*>1064 
principles of surgical technic. 1949; 
Feb., 225 

prosthetic devices, 1949: Feb.. 234 
sites of election, 1949; Feb., 2K, 224 
Syme, 1949; Feb ,227 
tenoplastic, at knee, /949' Feb., 229 
Amylase test, serum, in jaundice, 1940: 
Aug., 1075 

Anacidity, gastric, antibacterial meas- 
ures in, 1949- Dec., 1769 
Analgesia in labor in tuberculosis, 1947: 
April, 463 

Anastomosis, intestinal, end-to-end, 
primary, 1949- Oct., 1406 
of colon following resection, technic, 
1949; Oct., 1430 

of severed arteries, 1948: April, 373- 
3S0; 1949;Oct., 1613-1622 
war experience, 194S: April, 381- 
389 

Androgens, effect on breast, 1949: Dec 
1660 ^ ^ , 
in carcinoma of breast, indications 
1949; Dec., 1668 ’ 

value, 1949: Dec., 1665 
Anemia, hemolytic, acute, splenectomy 
for, 1949; Oct., 1437 
Anesthesia circulatory hazards 19i8‘ 
Teh., 235 

complications and their management. 
1949; April, 425 


Anesthesia, curare in, 1949: Oct., 1573 
endotracheal, 1949; June, 941-961, 
Oct., 1577 

for abdominal surgery, conduct of, 
1949. April, 421-429 
for bronchoscopy, 1947; Dec., 1379 
for cardiac surgery’, 1949: Dec., 1723 
for gastric surgery, 1947; April, 201- 
264 

for labor in tuberculosis, 1947: April, 
463 

for laiy’ngectomj', 1947; June, 522 
for minor surgery, hazards, 1948: 
rcb.,22S-240 

for neck surgery, management, 1947: 
June, 517-520 

for repair of perforated peptic ulcer, 
1947: Feb , JOO 

for thyroid surgery, 1947; June, 510 
for total pneumonectomy, 1949; June, 
717 

for tracheotomy, 1947: June, 525, 626 
for upper alxlominal surgery, 1948: 
June,R3l-W0 

in ngc<l patients, 1949: April, 363 
in intrac.apsular fractures of hip, 
1949; Fcl) ,33 

in trochanteric fractures of femur, 
1948- Oct., 1374 

intraspinal segmental, 1947; Dec., 
1567 

intratracheal, 19{9‘ Dee., 1731 
local, hazards, 1948: Feb., 237 
pediatric, 1947: Dec., 1571 
recent advances 1947; Dec., 1566- 
1574 

spinal. Sec Spinal anesthesia. 
technics, motlern, 1949: Oct., 1571- 
1582 

Anesthesiologist, present and future, 
1949: Aug., 1097-1108 
Aneurj'sm, 1948; Feb., 1G2 
arterial, intracranial, surgical treat- 
ment, 1948; April, 396^04 
surgical pb 3 ’ 8 iologj’, 1949; Dec., 
1684 

arteriosclerotic, 1948: Feb., 162 
arteriovenous, surgical treatment, 
/949; June, 705, 706 
compression of nerve by, 1947: Aug., 
981 

false, 1947; Feb ,163-155 
mycotic, 1948: Feb., 163 
of thoracic aorta, paravertebral pro- 
caine block in, 1947: Oct., 1268 
saccular, of left branch of hepatic 
artery, elinicopathologic confer- 
ence, 1948; Feb , 267 
traumatic, 1948: Feb., 164, April, 388 
Angina, Ludwig’s, 1948; Feb., 62 
pectoris, paravertebral procaine block 
in, 1947; Oct., 1266 
Angioma of bone, 1947: June, 745 
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Ankle, arthrodesis, in correction of toot 
deformity, 1947: Oct , 128I-12SS 
fractures, open reduction and ia- 
ternal fixation, 4949: Oct., 1528- 
IM-t 

sprains of, 1947 Dee., 1505 
lesions, manipulative surgery, fWD. 
Feb , 25S 

surgical exposures, 1545 Feb., 74 
trauma to, 1547. Dec., 1605-1517 
Ankylosis, fibrous, of elbow, manipula- 
lAtive surgery 3D, 1949 Feb.'iSO 
of wrist, mahipulativa surgery in, 
1545 Feb ,251 

Anorectal tuberculosis, streptomycin 
in, with surgery, 1545 Dec., 1618- 
265S 

Aaoscopy, lesions visible with, J54S‘ 
June, 795 

Anserina bursitis, 1947.' Aug , iK7-994 
Antibacterial agents, newer, m sur- 
gery, 1949 Oct , 1285 
Antibiotics in appendiceal penionitis, 
1545 Oct , 1893 

in bone surgery, 1545: Dec , 1820 
is head injuries, 1949 Dec , 1537 
in surgical infections, i545- April, 
431-447 

maintenance of piasma levels, 1949 
April, 433 

production of high eoncentratioos 
locally, J949 April, 437 
Anticoagulants, amiiulatory iberapy 
with, 294$ April, 337 
In scute Arterial tajunes, 1949: Oct , 
1518 

in prevention of pulmonary em- 
bolism, 1948 April. 325, 333 
in gynecology and obstetrics, 
1545 -Dec, 1472 

in treatment of venous thrombosis, 
194$ April, 325, 331,349 
m obstetrics and gynecology, 
194$. Dec ,1475 

use, physiology of, 1949' Dec., 1846 1 
surgical measures in patients receiv- ; 
ing, 1545 April, 336 

Antral syndrome following subtotal 
gastrectomy, 1947 Oct . lf®3 
Anus, fissure, 1945 June, 796 
fistula, internal annular rectal stric- 
ture from, 1949' Aug., 1115-1117 
pruritus, 194$' June, 794 
imperforate, 1947. Feb , 82 
msdformations, obstruction in new- 
born due to, 1947 Feb , 81 
Aorta, coarctation, surreal treatment, 
J545; June, 700, 711, 712 
thoracic, aneurysm of, paravertebral 
procaine block in, 1947' Oct., 126S 
Aortography in Jddney tumors, J949 
Oct., 1493 


Appendectomy, 1545- Oct., 1391 
*n^ap^endiceal peritomtis, 1545 Oct , 

relation bf inguinal hernia to. 1543 
Oct , 1453 

Appendiceal pentooitis, 1545* Oct 
1335-1396 

appendectomy lo, 1945- Oct , 1392 
sulfonamides and aahbiobca in, 
1949 Oct , 1393 

Appendicitis, J549 Oct., ISSS-ISSe 
acute, cciropb eating pregnancy, 1919 
Aug , 1120 

obliterans, 154.7- Feb , 89 
Appendix, diverticula, false, following 
inflammation and rupture of 
appeadit. 1949' Aug , 1159-1207 
mucocele and myxoglobulosis of, 
1547 April, 337-343 
ruptured, 1947. Feb., 88 
Anxiety, ulcer recurrence initiated by, 
1547- April, 311 

Aorta, coarctation, resection for, 
changes of blood pressure during, 
1948 Avg .851-850 
surgical treatment, 194$ Arrj],3S7 
Appendicitis, acute, m aged, 1545: Oct , 
1367 

compiicating pregnancy, J048. Deo 
1513 


pain in, 7547: Dec , 1347 
plaster cast for, 194S: Feb , 253 
Arrheneblasloma of ovary, 7547. Aug , 
844 

Arterial sneurysen, 19{9‘ Dec , 1684 
intracranial, surgical treatment, 
754«- April, 396-404 
blood studies in testing lung func- 
tion, 7545: Dec ,1576 
cmbolectomy, 194$- April, 302, 366- 

emboiism, 7548’ Feb., 154, 1949. Dec , 
1684 

emergencies, traumatic, acute, man- 
agement, 1948 April, 373- 
8S0 

war experiences, 7543. April, 
3S1-3S9 

insufficiency, acute, 7548 Feb , 154 
occlusion, gradual, J54*' Feb , 170 
spasm, segmental, associated with 
eupracotids'Iar fracture of elbow, 
7548’ April, 467-472 
throtnbosis, 7543: Feb . 160; 1949 
Dec ,1685 , . 

trunks, traumatic interruption, 1948: 
F«b..l5S , 

Arteries, contusions, 7548 • Apnl, 3S3 
injured or diseased, surgical 
tioa, pfij-siological aspects, 7545' 
Dec., 16SS 
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Arteries, injuries, acute, 19^9' Oct., 
1513-1522 

BurKical management, Oct. 
1514 

lacerations, complete, April, 3S3 
incomplete, April, 3S3 
severed, anastomosis ol, 1948* April, 
373-3S0; 19^9: Oct., 1513-1522 
equipment, 19^8: April, 374, 376 
mattress suture technic, 1948* 
April, 378 

nonsuture vitalllum tube tcch- 
mc, 1947: Oct., lOSS-1009; 1948.* 
April, 379 

war experience, 1948: April, 381- 
3S9 

ligation of, results, 1948 April, 385, 
387 

wounds, nature of, in modern war- 
fare, 1948. April, 3S1 

Arteriography, cerebral, 1948' April, I 
405-411 ' 

Arteriosclerosis, 1948: Feb., 170 I 
obliterans, foot pain in, 1948: Aug., I 
10S3 

8>mpathcctomy for, /947; Feb., 145 
Arteriosclerotic aneurysm, 1948: Feb., 
162 

Arteriospasm, traumatic, 1948' April, 
3S2 

Arteriovenous aneurysm, surgical 
treatment, 1949- June, 705, 706 
fistula, 1948: Feb , 166, April, 383 
congenital, 1948: Feb , ICO 
surgical correction, physiology, 
1949: Dec., 16S3 
traumatic, 1948: Feb., 166 
Arthritis, cervical, manipulative sur- 
gery in, 1949: Feb,, 245 
chronic, arthrodesis in, 1949; Feb., 
111,113 

arthroplasty in, 1949; Feb., 101,109 
arthrotoroy in, 1949- F^., 92, 93 


desensitization of joint, 1949. Feb., 
92 

differentiation of the types, 1949* 
^ Feb., 87-115 

joint aspiration and lavage, punc- 
ture of synovial pouch and drill- 
ing of articular ends of bones, 
1949; Feb ,92 

osteotomy for, 1949: Feb., 97, 100 
resection of articular CNtrcmities 
and osteclomy, ISIS; Feb., 97, 
102 

surgery in treatment of, 1949: Feb., 
87-115 

synovectomy in, 1949' Feb , 93, 94 
toe deformities, phalangectomy 
Feb., 275-280 


Arthritis, chronic, traction, exercises 
manipulation, 1949: Feb., 90, 91 
whittling and amputation, 1949: 
Feb., 113 

of acromioclavicular joint, surgical 
treatment, 1949: June, 908 
of spine, abdominal pain in, 1948: 
Oet.,118S 

hypertrophic, as cause of chronic 
backache, 1948: Oct., 1238 
rheumatoid, 1949: Feb., 87-115 
Arthrodesis os form of bone grafts, 
1$49: Feb., 85 

for paralj'tic feet, Ryerson's technic, 
1949: Feb , 270 

of ankle for correction of foot deform- 
ity, 1947- Oct , 12SI-12S8 
in chronic arthritis, 1949; Feb., Ill, 
113 

Arthroplasty in chronic arthritis, 1949: 
Feb., 101,109 

mold, of hip, principle of, 1947: Oct. 
130.3-1306 

Arthrotomy for chrome arthritis, 1949 
Feb., 92, 93 

of knee joint, 1949: June, 013-921 
both chambers, for dependent 
drainage, 1947: Feb , 175 
Articular extremities, resection, in 
I chronic arthritis, 1949; Feb., 97, 
102 

Asc.'inasis. 19 {9 • .April , 481 
Ascites, etiology, 1948- June, 721 ' 
multiple, with multiple polyps and 
multiple intussusceptions, 1949 
Aug., 1200-1213 

peritoneal button in management 
1948 June, 723 

peritoneoscopy in, 1947' Oct , 1211 
treatment. 1.948* June, 721-727 
Aseptic necrosis of head of femur fol- 
lownng minor fracture of greater 
trochanter, 1948' Aug , 1025-1030 
Asphyxia, fetal, 1947. April, 458 
Aspiration of joint in chronic arthritis, 
1949: Feb , 92 

of peritoneal cavity, 1947' Feb , 103 
tracheobronchial, 1947: Dec., 1379 
Asthma, bronchoscopy in, 1947' Oct., 
1193 

Astragalus, fractures and dislocations, 
1947 Deo., 1606 
Astrocytoma, 1949' Aug , 1169 
Ataxia, Friedreich’s spinal deformity 
in, 1949; Feb., 184 

Atelectasis, postoperative, after lobec- 
tomy, physiologic disturbances 
underlying, 1948 Aug, 871-888 
bronchoscopic aspiration in, 1947. 
Oct., 1198 

Atomizers for topical endotracheal 
anesthesia, 1949: June, 948 
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Atresia of duodenum, congenital. tSil: 
Feb., 7d 

of esophagus, 1547; Feb., 73; 19J^: 
Oct , 153a 

Atrophy of diense, painful, /flia: A»g., 
10S2 

Auditory nerve, intracranial dtviuon, 
in Sf^nlSre’s disease, 1319: Aue . 
10S5 

Aureomycin, antibacterial spectrum, 
1949 'Oct ,1292 

clinical indications, i949- Oct , 1293 
use in surgery, 1949’ Oct., 1202 
. 4,^ 


Barium enema reduction technic for 
intussusception, 1949 Oct , IW5 
Bar8^out8|^, in fractures of leg, 1949 

BarthoUn^s ^gland^.^^cysts, excision of, 


Bedsores. See Deextbt(ua uleert. 

Bell's palsy, management, 1948: April, 


Aug., lUij-iuuj 

.ill. , 0 / 0 - T»m^ 720 


Bacillosporin, 1049- Oct , 1290 
Bacitracin, antibacterial spectrum, 
1949- April, 433, Oct ,1236 
clinical Indies (tons, 1943 Oct , 1200 
in surgical infections, 1949 April, 
43I-«7 

local injections, 1949* April, 438 
toxic reactions, /949 - April, 435, Oct., 
12S7 

use in surgery, 1949. Oct , 1235 
Back low, derangements, manipulative 
surgery in, 1049: Feb , 253 
pain, low, conservative treatment, 
;949-Oct , 1233-1246 
due to minor Iniurv, manipula* 
. . ...'.n/p.A.* lOi^ 


OOl 

common See Oontmon duct, 
cystic, rare anomaly of, /94r.' April, 
380 

infection of, 1947. Feb , 23 
injuries, 194S’ June, 640-65S 
preveotion, 1948; June, 650 
treatment, 194S‘ June, 654 
malignant disease, use of long T- 
tubcin,/948’June,667 
ebsuaeiton, la aged pstiente, 1949' 
April, 366 

wire sutures for, 1947: Dec., 1453 
excretion tests in Juandiue, 1949’ 
Aug , 1067 

flow, impairment, tests, in surgical 
jaundice, ;P47: Feb,, .33. 40 
leakages after cholecystectomy, f94^.' 
April, 505 

Biliary drainage, value and place in 
diegnosls, 1948' June, ES7-691 

■ • — aiifrerv 


strapping in spinal fracture, 1949' 
Feb., 200 

Backache, acute, causes and treatment, 
4948. Oct ,1234,1236 
due to minor strains and sprains, 
1949. Feb , 216 

due to ruptured intervertebral disk, 
1949- Fet ,218 

from an industrial standpoint, 1949' 
Feb , 215-221 

in endometriosis, 1947 •• Dec , 1353 
psychosomatic, 1949: Feb 
Baker’s cyst, 1947- Feb., 164 
Bakes dilators, 1948. June, 662 
Balanitis, 1948: Feb ,215 
Baldy-Webster round ligament short- 
ening technic, 1948.’ Dec., 1460, 
1462 

Banti’s disease, splenectomy for, 1948: 
June. 567; 1949: April, 377, Oct., 
I43S 


361-368 

surgery of, 1949. June, S05-815 
anesthesia for, 1948' June, 831 
injuries to bite ducts in, 1948 
June,C49 

place of eholedochostomy m, 
1948. June, 641-647_ 
preopcrallve preparation, /943- 
June,S31 

use of long T.tube in, 1948' June, 
659-665 

Hlirubin test, serum, in liver disewe, 
J94«- June, .507; 1949 Aug , W3 
urinary, in liver disease, IM; 
June, 593 ^ ^ ,,,, 

lillroth I operation, 1949- Oct , 1361 
Mavo method, /949‘ Oct-, 136*1 
1375,1376 

Sohoemaker modification, 

Oct., 1362, 1383, 1372 
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Billroth I operation, von Hnborcr tech- 
nic, J949: Oct., 13C6~1374 
Billroth II operation, 1949: Oct , 1372 
blecdinR as late senuel, /0i7* April, 
241-2-17 

llofmeistcr modirication, 1949: 
Oct., 1377, 13S2 

Polya technic, 1373, 1377 

. • ■ v' 

of liver, June, GOl 
in portal cirrhosis, 1948: June, 716 
of respiratory tract, 1949: April, 479 
of testis, 1948; Feb., 219 
of tumors of head and neck area, 1948- 
Feb., 81 

of phai^'nx, 1948: Feb., 05 
Birth injuries, prevention, 1947: April, 
, 45S 

Bites, human, hand infections from, 
/54S: Feb., 40 

Black cancers, 1047: Oct., 1136-1143 
Bladder, carcinoma, total cystectomy 
for, 1947: June, 7a>-70S 
catheteritation, 1948‘ Feb , 307 
closure, wire sutures for, 1047: Dec., 
,1454 

diseases, transplantation of ureters 
into rectosi(;moid and cj'stcctomy 
in, 1948' Oct., 1200-1219 
dysfunction secondary to lesions of 
spinal cord, 1947; Aug., 930 
closed types of Irrigation in, 
/P47 ;Aub., 956 
transurethral resection in 
treatment, 1947: Aug., 9G4 
foreign bodies in, 1948; Feb., 181 
injuries, 1948: Feb., 209 
neurogenic, 1947: Aug , 950 
classification, 1947; Aug , 054 
closed types of irrig.ation in, 1947: 
Aug., 956 

transurethral resection in, 1947’ 
Aug., 964 


Blalock operation for tetralogy of Fal- 
lot, /949; June, 713 

Bleeding tendency, abnormal, tests, 
April, 475 

Blepharitis, 1948: Feb., 48 
Blocking agents, autonomic, chemical, 
Dec., 1690 

Blood, arterial, of lung, studies, 1949: 
Dec., 1676 

coagulation, dynamics of, 1949: Dec., 
1838 

measurement of rate, 1949' Dec., 
1841 

constituents, testing, 1949: April, 476 


Blood, flow, pulmomary, measurement, 
1949: Dec.. 1670 

fluidity and co.agulability, main- 
tenance of, physiologic and sur- 
gical aspects,, 1949: Dec , 1835-1848 
loss, acute and chronic, transfusions 
in, 1949: Dec., 1830 
at operation, intra-arterial trans- 
lusions for, 1049- Dec , 1740 
measurement, 1949' Dec , 1740 
pressure, changes during resection 
for coarctation of aorta, 1948 
Aug , 851-859 

cuff, m wounds of hand 1948 , 
Feb , 9 

studies as aid to surgery, 1940- April, 
474 

transfusions See Trana/iisxons, blood. 
vessel, anastomosis, sutures for, 
1049- Oct., 15GS 

surgery, symposium on, 1948: 
April, 279 

volume, measurement, 1949: Dec., 
1852 

Body, plaster cast for, 1948: Feb., 257 
Bonefs), abscess, 1947- June, 739 
angioma, 1947: June, 745 
bank, 1949- Dec . 1818 
chondroma, 1947. Juno, 743 
cystic lesions, difTercotial diagnosis, 
1047: June, 737-754 
cysts, 1947: Juno, 740 
multiple, 1947- June, 740 
solitary, in children, surgical treat- 
ment, 1949 Fob , 2S2 
echinococcus, I947' June, 750 
fixation, internal, metal for, 1949: 
Dec., 1823 

giant-ccll tumors, 1947: June, 744 
grafts, 1949 Feb , 77-SC; Dec., 1818 
autogenous, 1949 Feb , 77 
cortical inlay, 1949: Feb., 81 
onlay, 1949: Feb , 81 
dual onlay, 1949: Aug , 1150 
fibular transplants, 1949: Aug , 
1156 

general principles, 1949: Feb., 82 
heterogenous, 1949: Feb , 78 
homogenous, 1949: Feb., 77 
in chronic osteomyelitis, 1948. 

June, 823; 1949: Feb., 127 
indications and contraindications, 
1949: Feb., 84 

Intramedullary, 1949' Feb., 80; 
Aug., 1158 

massive half-cylinder, apposing, 
1949: Aug., 1157 
onlay, 1949: Aug., 1155 
technic, 1949: Feb., 80 
granuloma, eosinophilic, 1947: June, 
748 

infection, prophylaxis, penicillin in. 
1949: Dec., 1822 
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Bone(8), injury, protein metabolism 
and, lSi9 Dec., 182S 
knowledge of, recent advances, sSSSz 
Dec., 1817-182S 

lesions, chemotherapy, t94^' April, 

long, shafte of, repair of defects of, 
I949- Aug,, 1153-U6S 
lymphobiaatoma, 194,11: Jane, 749 
rayeioma, 1H7. June, 746 
Paget’s diso-ase, 1947 • June, 741 
earcoms, 1947- June, 742 
surgery, auUbiottcs In, Dec, 

1S20 


symposium on, 194$. Feb., I 
surgical approaches, 194$. Feb., 
65-76 

syphilis, iff47 June, 747 
transplantation for recurrent dislo- 
cation of shoulder, 1$43- Aug , 999 
tuberculosis, 1947 June, 748 
streptomycin in, JSp' Dec., 1823 
tuberculous sinuses and obscessca 
jn, Btreptomycla in, 1948 Dec , 
16V4 

tumors, 1947- June, 742; t9i3' Feb., 
133-143 

malignaQt, preopetati^e manage- 
meat, 1947' June, 729-726 
prj^^a^ treatment, l$47: June, 

xanthomatosis, 1947' June, 747 
Bonney'a hood operation for posterior 
fibroids, 194S Dec , U54 
muU^Ie myomectom)', I94S: Dec., 

Bosworth’s approach to femur, 7949- 
Feb , 71 

Bowel movement after hepato-biliary 
satgtry, 1848- April, S& 

Bowen's disease of Denis, 1947; June, 
7J5 


Braces in spinal fracture, 1949: Feb , 
1D6 

Brachial neuralgia due to unilateral 
disk protrusions, J$47 Oct., 1248 
ple'tus, anatomy, }943‘ Aug , 
injuries, 1949 Aug., 076 
treatment, 1 P 4 $. Aug , 0S6 
Brain, aneur.vsms, surgical treatment, 
1948- April, 396-404 
arteriography of, 1948 • April, 405-411 
changes vn, responsible lor death in 
bead injuries, ;8J9' Dec , 1624 
concussion, 1949’ Oct., 1301, Dec, 
1623 

contre-eoup injuries, 1949- Oct., 1802 
contusions, }949' Dec., 1620 
edema, in head trauma, 1949 Dec , 
1623 

gliomas, classification, simplified, 
1949: Aug , 1169-1187 
gunshot wounds, 1$49: Oct,, 1308 


Brain, hemorrhage, intracerebclJar 
»PWfa»eous, surgical treatment 
1945.- April, 412-415 
injuries, acute, Oct., I30W315 
tumors, metastatic, 1948: June, S05- 

Bronchial cleft cysts, 1948: Feb 64 
cj sts and sinuses, 4^47,- June, 491 
Breast, adenosis, 18|9.' Dec,, 16K3 
carcinoma, 1947; Oct , 1J44, nsi- 
1155, 1948. Oct , 1277-1238; 1649 
Dec., 1664. Sec aUo Cormnowa of 
breast 

cystic disease, 1949: Dec , 1662 
enlargement, abnotmal. l$ik’ Dec , 
1660 

examination, 1948: Oct , 1279 
fibro-adenoma of, jnived adenocar- 
cinoma and fibromyxosarcoma aris- 
iofi in. 1949 Aug , 1137-1140 
fibroadenomatosis, 1949’ Dee.. 1661 
fibrous disease, 1949: Dec . 1661 
papilloma, 1949’ Dee., 1^1 
surgical physiology of, 1949’ Dec , 
m9-16T0 

tumors, benign, 1948’ Feb., 95-112 
treatment, 194S: Feb , 101 
DreatVing capacity, maximal, teat, 
1949 Dec , 1674 

rate, depth and minute volume, 1949' 
Dec , 16T3 

reserve, 1949 Dec , 1574 
Breoner tumor, 1947; Aug , 847 
Broad Ucamcot abaccss, Dec., 
1484 

Brodie's sbseess, 1947 Feb , 19S, June, 

Bromsulfalein test in jaundice, I848 
June. 593, 7W8.-Au«, 1073 
Btonclual cyst of mediastinum, 1947' 
June, 5^ 

function, disturbances after lobec- 
tomy, 1948' Aug., 877 
secretiona, tumor cells in, diagnostic 
significance, 7847.’ June, 586, 1949' 
April, 508 

Bronchiectftris, bronchoscopy m, 194i . 
Oct , 1192 

eegmentai resection jn, 1947: Dec , 
1875 

treatment, recent advances, IsJ?- 
Dec, 1374 

BtoQohvogenic carciiioina, 1947; Dec , 

bronchoscopy in, 1947/ Oct-, D96 
Braocbitls, bronchoaeopy in, 1947: Oct ■ 
1191 

Broochographic anatomy of lungs, 
1949 April, 573-581 

Bronchography in carcinoma of broQ' 
chus, 1947' June, 586 
Bronchopleural fistula after lobectomy, 
/J45-Aug.,S^ 
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bronchoscopy, anesthesia for, 1947: 
June, 521, Dec., 1379 
for tracheobronchial aspiration, tech- 
nic, 1947: Dec., 1379 
in carcinoma of bronchus, 1947: June, 

. ^ 

in pulmonary tuberculosis, I$49: 
April, 553 

indications and contraindications, 
1947: Oct., 1191 

Bronchus, foreign bodies in, 194S: Feb., 
179 

bronchoscopy in, 1947: Oct., 1197 
malignant disease, diagnosis, 1947: 
June, 5S2-5S6 

tumors, bronchoscopy in, 1947. Oct , 
1191 

Buerger’s disease. Sec Thromboangttlts 
obltUrana. 

Bulb suture of ner^’es, 7fl48- April, 450 
Bulbar spinothalamic tractotomy for 
relief of pain, 1847; Oct , 1257 
trigeminal tractotomy for relief of 
pain, 1947: Oct., 12SS 
Bunions, /848: Feb., 198 
Burning feet, 1948- Aug., 1034 
Burns, blood transfusions in, 1948: 
Oct., 1303 

Buids in, 1948.- Oct., 1304 
local therapy, 1948: Oct , 1301 
methods of removing elougli, 1948: 
Feb., 128 

of eye, /945; Feb., 54 
of eyelids, 1948: Feb., 52 
plasma in, 1948: Oct., 1303 
pressure dressings in, 1948; Oct., 
1302 

scars of, correction, 1949: April, 014 
skin grafting of, 1947: Dec., 1460-- 
1473; 1948: Oct., 1305, 1307; 1949: 
Oct., 1552 

treatment, present status, 7945; Oct., 
1299-1312 

whole thickness, local treatment, 
194S; Feb., 125-133 
x-ray, skin grafts in, 1949: Oct., 
15G0 

Bursa, nasopharyngeal, 1948: Feb., 92 
Bursitis, acute and chronic, in re^on 
of elbow, 1949: Feb., 165-1G2 
anserina, 1947: Aug., 9S7 
chronic adhesive, manipulative sur- 
gery in, 1949: Feb., 247 
olecranon, 1949: Feb., 155 
radiohumeral, 1949: Feb., 165 
manipulative surgery in, 1949; 
Feb., 251 

subdeltoid, 1949: Feb., 146 
Button, peritoneal, use, in ascites, 
1948: June, 723 

Cabbaoe goiter, 1949; Dec., 1649 
Calcium in cholemic hemorrhage, 1948: 
Aug., 496 


Calculi in common duct, suppurative 
cholangitis due to, 1947: Feb., 23, 
28 

pancreatic, 1949: Dec., 1809 
prostatic, 1047 Dec., 1537 
salivary, 1948. Feb , CG 
urethral, 1948. Feb., 213 
Calluses. 1948: Feb , 202 
Cancer. Sec also Carcinoma. 

black, 1047 Oct., 113G-1143 
Capsular operation for parkinsonism, 
end results, 1948: April, 390-395 
repair for recurrent dislocation of 
shoulder, pathological Cndings and 
operative technic, 1947; Oct., 12S9- 
1291 

vein of leiomyoma, rupture of, 1947’ 
Aug., SIC 

Capsulorrhapliy for recurrent disloca- 
tion of shoulder, 1949: Aug., 998 
Capsulotomy m chronic arthritis, 1949; 
Feb., OG 

Carbuncles of neck, 1948: Feb., CO 
Carcinoid tumors of small intestine, 
1949; Oct , 1149 

Carcinoma, basal cell, 1948* Feb , 79 
bronchiogcnic, 1947; Dec., 1400 
bronchoscopy ui, 1947; Oct , 1190 
cells in diagnostic specimens, detec- 
tion and significaDce, 1949: April, 
501 

epidermoid, 1948' Feb , 80 
intraoral, combined neck dissection 
with resection in continuity of 
mandible ^^ith involved soft 
parts, technic, 1949 Oct., 1322- 
1325 

surgical treatment, recent ad- 
vances. 1949; Oct , 1317-1328 
total cystectomy for, 1947: June, 
700-70S 

transplantation of ureters into 
rectosigmoid and cystectomy in, 
1948: Oct., 1210 

of breast, 1948: Oct., 1277-1288; 1949 
Dec., 1664 

chronic cystic mastitis and, 1948: 
Feb., 109 

diagnosis, 1948: Oct., 1277 
estrogens and androgens in, indi- 
cations, 1949' Dec., 1G68 
value, 1947: Oct , 1144-1150; 
1949' Oct., 3355, Dec , 1665 
in male, 1949; Dec., 1668 
irradiation menopause in, effects, 
1949; Dec., 1664 

oophorectomy in, value, 1949; Dec., 
1664 

palliative therapy, 1949; Oct , 
1353-1356 

radical operation, 1949: Oct., 1341- 
1353 
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Catcinoflia of breaat, roeatgeo treat- 
1943 Oct., 1353 

Burgica! treatment, i948: Oct , 
22Sl;/945.' June, T27-737 
resulU, mr- Oct., 1151-1155 
of bronchus, diagnosis, lSi7: June, 
532 

»{ cecum, m7i Oct , 3019 
rescctron of, primary. June. 

834 

uf cervi'«, biopsy In, i948 Feb , 222 
comfjltcatmg pregnancy, W4S' 
Dec , ISlU 

management, controvefeial Inc- 
t6ra, 7$48- Dec , 1415-1423 
fadiation therapy, 1947’. Ang • 776; 
}9i3 Dec . 1417 

radical surgery in, /945* D^c , 1421 
transvaginal high voltage x-ray 
therapy, I9i7‘ Dee , l56i!>-1654 
vaginal smear tcchnio, J947.- Oct., 
1216-1217 

x-ray treatment, effect on regional 
nodes, 4947. Oct , 1231-1239 
of colon, 494?- Oct , 1021, 1024 
age laetor, 494s Apnl,631 
anterior resection and primacy 
anastomosis.prcoperaitveprep 
aratiOn, 4949- April, 333 
sclentibnofcasba, 1949.' April, 330 
technic, 4949. April, 335 
ascending, 4949 June, 834 
resection of, primary, 4949.' June, 

descending, 4949. June, 838 
resection of, primary, 4949/ Jun«, 

distal portion, operative treatment, 
/949r April, 323-338 
hepatic flexlirc, 4949 June, 834 
prognosis, /947i June, fl7T}-674 
resection of, /949 April, 625, Oct , 
11SO-II70, 1940 Oct , 1427 
primary, ]$4$ Apfil, 323-338, 
June, 829-Sll 

tcchnic of anastomosis following, 
mo Oct, 1428 

right, obstructing, primary resec- 
tion of, 4949 Oct , 1417 
proximal portion, 1947' Aug, 
875-8S4 

Sigmoid, 1949: April, 323-339, June, 
839 

splertic fioxUre, 4949' June, 838 
surgiiJal management, 7848' Oct , 
l!59-n70; 4949 Oct, 1421-1434 
tranvetse, 1949’ June, 83? 
proximal half, 1949. June, 534. 
of duodenum, masSivc hemorrhage 
due to, 4949/ Apnl, SM 
of epiglottis, surgical exciBloa, tech- 
nic, 1949 June, m~0S9 
of estmhagua, disKnosis, 1947: June, 

m 


Carcinoma, esopbaeoaconv In. ffi47- 
Oct , 1199 

resection in, 494r- June, 5SS; 4949- 
June. 696 

of eyelid. 4943/ Feb., 49 
of gallbladder, 1948: June, 669 
of kidney, diagnosis, early. 4949 
Oct., H83-I503 
gtading of, IS49‘ Oct , 1602 
eurgieal management and promo 
BIS, 4949/ Oct , 1498 
of large intestine, 4947. Oct.. 1038- 
WCl 

of larynx, roentgen treatment, J9i$' 
Jaae.GSQ 

of lip, 4948. Feb., 78 
surgical treatment, iadicalions, 
1949: Oct., 1317 

treatment, 1947- Aug , iK)5-1006 
df liver, 1948. Jane, 673-678 
of lung, 49474 June, 592 
primary, 1947! Dec , 1403 
of nasopharynx, 4947/ June, 577 
of neck, metastatic, 1848’ Feb*, 66 
of ovary, 4947- June, 681-890 
hysterefitomy lor, total, 1947; Aug., 
702 

of pancreas, 1949’ Dec , I8IO 
head, 4947.' April, 401 
ptiiiiadve operations, ;94j/ June, 
763 

anastomosis of duct of fflr* 
sung in, 4947. June, 636* 
B43 

panireaticodilodenal rMcction 
for. 1847: Oct., 10321 4949' 
June. 761 

euppuhativc cholangitis due to, 
1947: Feb , 23. 80. 35 
of parathyroid gland, /947/ June, 477 
of penis, 4947 June, 714-716 
of prostate, 4947. Oct., 1307, Dec , 
1532; 1948. Oct , 13M{ 1949' Oct,. 
7510 

hormone treatment, 1949 Oct., 
18U 

total perineal prostotectotny lor, 
4947' Oct . 1307-J311 _ 

of rectfisigmold, 4947. Oct , 1026 
one stage puii-throueb oper^ion, 
use of ivlre Sutures in, 4947; Dec , 
»53 ^ . ., 

operative treatwCnt, 1949: Apnl, 
323-330 

prognosis, 194?-' Jufie, 670-674 
of rectum, 1948! Oct., DCS 
basal cell, 1947- June. 6^ 
operative treatffiCht, 4949; Apnl, 
823-338 , 

prognosis, 1947: June. 0:(yS7i 
eigmoidoacopy m, 1948’ J“'’®^5'^ 
of salivary gland. 1947; 
of sigmoid, o^atjve treatment. 
1849: Apnl. 323-238; June. 879 
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Carcinoma, with endometriosis, 

Oct., 1027 

of skin, 19iS: Feb., 78 
of small intestine, J94S: Oct., 1149 
of stomach, 1947: Oct., IIO^HOS 
gastrectomy, total, 7547: June, 621; 

1949: June, 747-7C5 
gastroscopy in, 1947: Oct., 1307 
massive hemorrhacc dne to, 1949: 
April, 319 

multiple simultaneous, total gas- 
trectomy for, case report, 1947: 
Aup., 919-925 

operability rale, 1947: June, 631- 
635 

ulcer coexisting with, 1947: April, 
29fH307 

of thyroid gland, 1947: June, S61-56S, 
Dec., 1371 

exophthalmic goiter and, asso- 
ciation of, 7948; Aug , 915-952 
radical neck dissection in, 1949 
June, 631-040 

of tongue, surgical treatment, indi- 
cations, 1949: Oct., 1321 
of uterus, /S47; June, 696-699, Aug., 
763-774 

clinical manifestations, I94S: Dec., 
1623 

diagnosi.s, vaginal smear tn, 1947 
June, 536 , 550, Oct., 1215-1217 
ctiolog}', J94S: Dec., 1425 
hysterectomy for, total, IS47 Aug, 
792 

irradiation alone or combined with 
surgery, 1948: Dec., 1433 
radium treatment, 1947: Aug., 
776-789 

surgical eradication, 1948: Dec., 
1432 

treatment, 1948: Dec., 1425-1443 
Jefferson Clinic method, 1948' 
Dec., 1436 

Wertheim hysterectomy for, 1947- 
Aug.. 770 

protein nutrition in, 1949: April, 
449-172 

Carcinoma-in-situ of cervix, 1948: Dec , 
1408 

Cardiac. See Heart. 

Cardioplasty, 1949: Juno, 695 
Cardiospasm, 1949; Dec., 1763 


5(X) 

surgery, technical aspects, 1949: 
June. 705-715 

Caronamide with penicillin, 1949: April, 

Carotid artery, internal, ligation of, 
anesthesia for, 1947: June, 624 
body tumors, 1947: June. 494 


Carotid sinus reaction during neck 
surgery, 1947- June, 527 
Cartilages of knee, lesions, 1948: Oct., 
1259 

Cast, plaster, technic of application, 
1948: Feb., 241-261 

Cataract surgery in young diabetic, 
/S4S.- April, 60S-512 
Catgut sutures, 1949: Oct , 1569 
Catheter, passing, in urethral or blad- 
der injuries, 1948- Feb., 210 
Cathctcriration of bladder, 1948: Feb., 
207 

Cauda equina, tumors, /947; June, 548 
Causalgia, 1947- Aug., 9S3 
Cauterization of cervix, 1948: Feb., 225 
Cavernostomy in pulmonary tuber- 
culosis, 1947: Dee , 1392 
Cccoslomy, closure of, technic, 1947; 
Dec . 1418 

indications, in colonic obstruction, 
104?: Feb , 69 
technic, 1947. Dee , 1417 
Cecum, carcinoma, 1947 Oct , 1019 
resection of, primary, 1949 June, 
534 

Ijmphosarcoma, 1947' June, 653 


Anni, bul-b^U 

C 0 i(uli(is, facial, 1948' Feb , SS 
of jaw, 1947: Oct., 1323 
pelvic, 1948' Dec , 1482 
Ccphalln-cholcstcrol flocculation test 
in jaundice, 1948: June, 595, 2949. 
Auc , 1071 

Cerebellar hemorrhage, spontaneous, 
eurgical treatment, 1948' April, 
412-415 

Cerebral. See Brafn. 

Cerebrospinal fluid, rhinorrhea, per- 
sistent, 1949‘ Oct , 1312 
tcstinc, in spinal cord lesions, 1949 
April, 529 

Cerxicaf adenitis, acute, 1948: Feb , 60 
arthritis, manipulative siirgery in, 
1949' Feb , 245 

chordotomv for relief of pain, 1947- 
Oct , 1256 

c\’sts, lateral, 1948' Feb., 64 
diske, ruptured, summary of 24 cases, 
1947' Oct , 1246-1253 
Ij'rnphadcnitis, chronic, 1948- Feb., 
60 

tube flap for repair of defects of nose 
and cheek, 1949: Aug., 1017, 1025 
Cervicitis, chronic, 1948: Dec., 1402 
as cause of Jeukorrhea, treatment, 
1947: Aug , 849 

hysterectomy for, vaginal, 1947: 
Aug , 798 

treatment, 1948' Dec., 1405 
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Cervicitis, gonorrheal, acute, iftig- 
Dec , M79 

chronic, Dec , H70 
Cervicobrachial pain, manipulative 
surgery in, 1949 Feb., 245 
Cervix uteri, abnormal, management, 
newer methods, 1948- Dec , 1401- 
1413 

amputation, £S4S Feb., 225 
anatomy and physiology, ISiS: 
Dec , 1401 

biopsy of, circular, 194S' Dee. 
1407 

in diagnosia of carcinoma, 

Feb . 222 

carcinoma SseCamnomaofttrvix. 
carcinoma-in-situ, l9iS Dec., 14W 
cauterization, 1943- Feb., 2^ 
cnmraJjoD, JS4S- Feb , 235: Dee . 
UQ7 

dilatation, 7343. Feb , 224 
ectropion, 7943- Dec., 1404 
cndometriosia, 1949' April, 584 
erosion, 7343* Dec , 1403 
eversioB, 7348 Dcc,U04 
hypertrophy, !943-t>ec., 1405 
lacerations, }94S Dec , 1404 
leukoplakia, 1943. Dec , 1404 
myoma, 7948 Dec , 1411 
polype, 7943- Dec , UU 
as cause of ieulcorrhea, treat- 
ment, 1847 Aug , SS2 
syphiiw, 7948 Dee, 1412 
tuberculosis, 7948* Dec , 14U 
Cesarean hysterectomy, l94S' Dec , 
1505 

section, classic operation, J94S. Dec , 

1505 

extraperitoneal operation, 7948- 
Dec., 1503 

indications for, 7948- Dec , U57- 

1506 

low cervical operation, JSiS' Dec , 
1504 

Chalazion, 7948- Feb ,48 

Cheek, defects, traumatic, J949 Aug , 

mo~io2s 

Chemical autonomic blocking agents, 
7949 Dec , 1600 

Chemistry, clinic.^}, as aid to surgery, 
7949- April, 476 

Chemotherapy in acute osteomyelitis, 
7949* Feb , 113, 285 
of surgical infections, recent ad- 
vances, 7949 - April, 431-447 
Chest, surgery of, curare in, 1949 Oct , 
1575 

general management in, 7947. Dec , 
1378 

modern technics, 1949 April, 657— 
572 

pain in, 7947- Dec., 1350 
Children, orthopedic surgery 10 , 19(9: 
Feb., 2S1-299 


Cfafonde deSciis in dehydration, mess- 
unng, 1949 Dec , 1853 
Chlorides, blood, 7949- April, 477 
Cfal^^a, bone changes in, 7947. June, 

OhloromycetiD, antibacterial spectrum 
7949 Oct., 1295 

cUotcai indications, 7949- Oct , 1203 
US6 10 surgery, 7949* Oct., 1294 
Cholangiography, 7943- June, 605-611 
Cholangitis, Salmonella typhi murium, 
streptomydn in, 7947.* April, 373- 
379 


euppurative, I947 Feb., 23-36 
Cholecystectomy, bile duct injuries in, 
194 s June, 649 

for acute cholecystitis, 7943. June, 
636; 1949 , June, 813, Oct., 1445-1455 
for chronic choJccysfitis and chole- 
lithiasts, 1949 Juac^ $06 
modified, in fulminating cholecysti- 
tis, 7947- April, 305-39!) 
postoperative care, 7948; April, 499 
Cholecystitis, acute, 7948- June, 633- 
639 

cholecystectomy for, 794a.- June 
636. 7949 . June, 8!3, Oct., 1445- 
1455 

complicating pregnaacy, 7948‘ 
Aug , 1120 

diagnosis, 7948 June, 571 
early operation ia, advantages 
7948 June, 633 

la aged, 7948. Oct , 1362; 7949 
April, 361 

obstructive, without eholehthiaris 
7947; AuR , 945^549 , 

chrome, cholecystectomy for, 7949* 
June, 806 

diagnosis, 7948- June, 509 
fulminating, modified cholecystcc- 
toroy in, 7947- April, 395-3^ . 

gangrenous, clinical and pathoiopc 
study of 100 cases, 7948* Aug , 979- 

medical management, 7948; June, 613 
Choiecystoerapny in chronic cholecys- 
titis and cholelithiasis, 7948- JuD®> 
570 , , 

Oideoystostomy for acute cnoiecjs- 
titts, 1848; June, 636 
Choledocholithotomy, spontaneous 
rupture of common bile duct foi' 
lowing, 7947 - April, 3S1-3S7 
Cholcdochostomy, 7949 Jiio®; 
indications for, 19 j9' June, 642 
place of, in surgery of biliary tract. 

1913, June, 641-647 
technic, 7948 June, 645 
CholeJilhiasjs, cholecystectomy for, 

7949 June, 806 ^ ew 

choledochostomy for, 7949’ June, a 
coaipUcatiflg pregassey, 79^8; Aug . 

im 
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Choleittbiasis, diagnosis. 1945; June, 
509 

preoperative and postoperative treat- 
ment, 1948: April, 493-507 
surgical treatment, J948: June, G27- 
632 

cboledochoslomy in, /SIS: June, 
,611 

Cbolemic hemorrhage, prophylaxis, 
/S48; April, 490 

Cholesterol, blood, 1949: April, 477 
determinations, in liver disease, 
/S48; June, 599; /S4S: Aug., 1073 
Chondrcctomy for chondromalacia pa- 
tellae, J949: Feb., 260 
Chondroma, /S47; June, 743 
Chondromalacia patellae, J949‘ Feb., 
201-207 

treatment, /S49: Feb., 260 
Chondromatosis, sj'novial, /S4S: Peb., 
89 

Chondropathy of patella, /948.- Oct., 
ru ^ 

• of 
>ct , 

Choroid nlexcctomy for hydrocephalus 
and hydrocephalus with meningo- 
cele, /S48: April, 416-431 
Chromic acid bead in cpistaxis, 1948’ 
Feb., S3 

Cicatricial deformities, correction of, 
^,,,1948.' April, 011-621 
Ciha in lacrimal puneta, 1948- Feb., 49 
Cineplastic amputation of arm, 1940' 
Feb., 234 

Circulatory disorders, procaine blocks 
of sympathetic nerves in study of, 
1947: Oct., 1203-12S0 
hazards, in anesthesia, 1048: Feb , 
235 

Circumcision, /548; Feb., 211 
Cirrhosis, portal, of liver, diagnosis 
and treatment, 1948' June, 713-720 
Clavicle, resection of, partial, 1949: 
June, 909 

Clavicular tube flap for repair of nasal 
defect, 1949: Aug., 1017, 1026 
Cleft lip and palate, wire sutures io 
closure, 1947; Dec., 1455 
congenital, surgical correction, 
1947; April, 417-430 
Chnicopathologic conferences, Cook 
County Hospital, 1948: Feb , 262- 
274 

Cloth, wire, for tissue support, 1947: 
Dee., 1449 

Clotting, venous, surgical manage- 
ment, 1948: April, 341-352 
Coarctation of aorta, resection for, 
changes of blood pressure during, 
1948: Aug., 851-859 


Coarctation of aorta, surgical treat- 
ment, 1948: April, 357; 1949: June, 
709, 711, 712 

Coccidiojdomjcosis, pulmonary, /947- 
Oct., 1113-1120 

Coccygotlymn, manipulative surgery 
in, 1949 Feb , 261 

“Coin” lesion, pulmonary, manage- 
ment, 1948 Oct , 1313-1322 
Colils, common, 1948- Feb , 87 
Colectomy See Coton, resection 
Coley’s fluid for control of pain, 1947. 
Dec , 135s 

Colitis, ulcerative, hepatic insufli- 
ciency and, relationship, 1948: 
June, 701 

ileostomy in, 1947' Dec , 1432 
indications for operation, 1947. 
Dec , 142S 

nonspecific, cicatrizing, regional, 
1947 . June, 654 

surgical treatment, 1947: Dec , 
H27-1431 

Collapse thcrni>y of tuberculosis, /947- 
Dec , 1386 

Collar-button obsccss, 1948' Feb , 35 
Colloidal gold precipitation test In 
jaundice, /949 Aug , 1071 
Colon, carcinoma. Sec Carcinoma of 
colon. 

descending, resection of, 1948. Oct., 
1167 

dilatation, congenital, 1940' Oct., 
1547 

diverticulitis, 1948' April, 534 
in aged, /94S.- Oct., 1360 
massive hemorrhage due to, 1949. 
April, 321 

with old rheumatic heart disease 
and hepatitis clinicopathologic 
conference, 1948: Feb , 203 
endometriosis, /947 June, 655 
leiomyosarcoma, 1947: June, G50 
lipoma, /949: Aug., 1233-1243 
obstruction, analysis of 184 cases, 
1947: Feb., 62 
surgery of, 1949: Oct., 1417 
perforations, traumatic, repair of, 
J947: Dec., 1424 
phj-siology of, 1949: Dec., 1771 
familial, diagnosis and treatment, 
/948* Oct., 1171-1184 
polyps, 1948’ April, 534 
gross intestinal hemorrhage due 
to, 1947: April, 445 
significance, 1947: June, 675-680 
resection, anastomosis after, technic, 
1949: Oct., 1428 

anterior, and primary anastomosis, 
preoperative preparation, 
1949: April, 333 
and selection of cases, 1949’ 
April, 330 

technic, 1949: April, 335; 
June, 829-841 
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Colon, resection, for carcinoma, i8i9: 
Oct., 1421-1434 

foe megftcolotv, t9iS: Ang , S32 
Mikulicz pack in, J94S. Oct., 1J62 
Qtuitiple stage and anastomoMs, 
technic, 1947: Dec , 1423 
primary, surgical principles, 1949. 
June, S30 

Raakin-Mifculkz technic, I9f7 
Dec., 1422 

single etage, and anastomosis, 
technic, 1947 Dec , 1419; 
I94S April, S29 
V8. two-atage, 1948 April, £37 
right, jntussuscepting eubmucous li* 
poma of. 1947 April, 381-372 
resection of, lAfS: Oct , 1166 
sarcoma, 1948: April, 533 
age factor, 1848' April, 531 
eigmotd, volvulus of, j947.* Feb , 70 
reduction of, 1949. Oct., 1418 
surgery of, modern technics, i847 
Dec , 141(>-1426, J843: April, 
619-640, 1949. Oct., 1421-1434 
preoperative and postoperative 
care, 1948 April, BIO-WO 
technical poiatt, /945 April, $2d 
transverse, rescctioa of, 1948: Oct , 
1167 

Colostomy, defunctionlng, m limiplio- 
graniAoma venereum oC rec,ium. 
1949’ April, 400 

lora or permanent, techQi«> 1947 
Dec , 1423 

traniverse, in large bowel obstwe- 
tion, 19(9 Oct . 1417 
technic, 1947. Feb , 67, 68 
Colpocentesis, 1948 Feb,^ 
Colpoeleisls, total, for prolapse of 
uterus, 1941^ June, 853 
CoIpopentoaeoacQpy , 194^: Feb , 235 
Colporrhaphy, anterior and posterior, 
conservative, 7948 • Dec , 1459 
Coipotomy, 1948 Feb , 225 
Columella, rep^r of, 1949 Aug.. 1019 
Coma hepaucum following oecom- 
pression m obstructive jaundice, 
ms April, 502 

Common duct, carcinoma, paucreato- 
duodena! reeectioQ for, 1949' 
June, 761 

drainage long T-t«be in blJiMy 
tract surgery, 1943. June, 659-668 
eapjoratlon, vndicntions for, 1948' 
June, 642 

technic, 1948. June, 645 
iBjurjes in biliary tract surgery, 
794S.- June, 649 

obatruction, by pancreatic cyst, 
1947' April, 412 

Operative procedure oa, ififP’ 
June, 805^15 

spontaneous rupture, following 
dioledocholithotoiny,/947.'Apnl, 
S81-S87 


Common ducb stones, recurrent, use of 
longT^tube m, 1948- June, 669 
suppurative cholangitis due to. 
W; Feb , 23. 28 
stricture, repair of, /949‘ June, 812 
suppurative cholangitis due to. 
/94r.* Feb,, 23, 31 

CosnpreesloTi dressing In compound 
^ fractures of hand, 1949- Feb , 16 
in o^en wounds of hand, J948 Feb, 

fractures of spine comoh'eated by 
injury to the epinal eotd, l$i9. 
^ Feb., 189-194 

people, 7949. Feb., 

Concussion of brain, 1949- Oct, 1391, 
Dec , 1623 

Congenital dislocations of hip, 1949 
Feb. 59-64 

gynecological lesions, surgical treat- 
ment, 7847. Aug, 803 
heart disease, surgery of, 1948. April, 
353-365, f^P. June, 705 
Conization of cervix, l948: Feb., 2'2S, 
Dec . 1407 

ComuncUva, diseases, minor surgery of, 
1948- Feb , 46 

hemorrhages, 1948’ Feb., 62 
lacerations, 1948: Feb., 52 
Coniunctivitia, acute purulent, S648' 
Feb., 46 
allergic, 1948 

gonorrhea), 1948- Feb., 48 ^ 
Cbnlrecoup I'niuriea of brain, 1949' 
Oct , 1302 

Contusions of neck, 1948. Feb., 69 
Conus arteriosus, origin, 1949: Aug, 
1246 

Convulsions during anesthesia, maa- 
agemenl, 1949: Aprii, 428 
Coombs’ test in hemorytic jaundice, 
1949 Aprii, STS 

Cooper’s ligament technic of heTMOt- 
Hiaphy, 1949 Oct , 14C2-U77 
Cord bladder. 1947’ Aug., 950 
Cornea, ulcer, serpentic, 1948 Feb., 
55 

Corna, 1948.- Feb , 202 , . , . 

Cornual resection, bilateral, in chronic 
gonorrhea, Dec, 1482 
Corrosives, ingestion of, pylonc 

813 following, 1948 Aug, 1041- 
1056 , . 

Cough in prevention of collapse after 
lobeetomj} 1948 Aug., 8S3 
Craniocerebral trauma, acute, J94S 
Oct , 130W315 _ ^ 

CraoMJpiasty,nietaIIic,/^47'P*® • 
Cryptorchidism, malignant disease in 
mr Jane, 700 , 

Culntvia valg^JB in children, 1949. Feb 

CuUen’8 sign ib acute paoersstiti* 

1943: June. 748 
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Curare and curare-Hko compounds, 
I9i7: Dec., 1575-15S2 
antidotes, 1947: Dec., 1581 
cliuical uses, 1947: Dec., 1577 
in anesthesia, 1949' Oct., 1573 
mode of action. J947: Dee., 1575 
precautions and complications, 1949: 
Oct., 1576 

preparations, 1947: Dec., 1581 
toxicityj 1947: Dec., 1579 
with spinal anesthesia, /S-jS.' June, 
834 

Curettage, cer^'ical, Feb., 222 
endometrial, 1948: Feb., 222 
Cushingoid habitus after menopause, 
1947: Aug , S20 
Cutaneous. See Skin. 

Cutis grafts in repair of incisional and 
recurrent hernias, 1948: April, 
517-524 

Cyanotic heart disease, congenital, 
1948: April, 361 

Cyclopropane anesthesia, curare with, 
1949: Oct., 1573 

Cylindromas of nose, throat and mouth, 
^ fWS.* Aug , 1037-1100 
Cystadenoma of ovary, /947.* Juno, 6S3 
Cystectomy, total, for carcinoma of 
bladder, 1947: June. 700-703 
technic, 1947: June, 700 
urinary diversion, methods, 1947' 
__.^^June, 702 _ ^ 


duct, anomaly of, rare, 1947: April, 
330-393 . 1 » 

hygroma, 1948: Feb., 60 
of neck. 1947: June, 40S 
lesions of hone, differential diag* 
nosis, 1947: June, 737-751 
t^ystitis, interstitial, transplantation 
of ureters in, 1943: Oct., 1213 
tuberculous, transplantation of ure- 
ters in, 1943: Oct.. 1213 
t-ystosarcoma phylloidcs of breast, 
1948: Feb , OS 

Cystoscopy in kidney tumors, 1949: 
Oct., 1490 

^yst^tomy, suprapubic, 1948; Feb., 

Oysla, Baker’s, 1947: Feb., 164 
bone, solitary, in children, surgical 
treatment, 1949: Feb., 282 
bronchial, 1947: June, 491 
cervical, lateral, 1948: Feb , 64 
demoid, of ovary, 1947: June, 6S5 
endometrial, ruptured, 1947: Aug., 
815; 1949: April, 587 
epidermoid, of left palm with Du- 
puytren’s contracture of hands 
and right foot, 1948: Aug., 1031- 


Cysts, extradural, intraspinal, spinal 
deformities due to, 1949: Feb. 

171 

Gartner’s, 1948: Dec , 1512 
of Uartholin’s gland, excision of, 
1949: June, 813-845 
of bone, 1947: June, 740 
multiple, 1947: June, 740 
of csonhngus, 1947: June, 5S7 
of kiancy, serous, dyspepsia and, 
1948: /une, 785-792 
of mcdiastinuro, congenital, 1947' 
June, 506 

of neck , 1047 June, 496 
of ovary complicating pregnancy, 
1949 Aug. 1122 
torsion of, 1047' Aug., 812 
of pancre.as, /flW- June, 763-760; 
1949 Dec., 1810 

management, f.actors influencing, 
1947; April, 411-416 
of parathyroid glands, 1947: June, 
477 


of spleen, splenectomy for, 1948: 
June, 562 

pilonidal, /WP Juno.879-8S6 
sebaceous, 1948' Feb , 60 
thyroelossal, 2947: June, 4S8; 1948: 
Feb . 63 

Cytology, newer developments, 1949. 
April, 4S6 


Davis grafts, 1948: Feb , 116 
Deafness, Lempert fenestration opera- 
tion in, present status, June, 
SOl-SOt . . . 

Dibridement m chronic arthritis, 
1949 Feb , 91 

in compound fractures, 1947: Dec., 
1489 

Decompression in intestinal obstruc- 
tion, 1940 Dec , 1783 
aseptic, Oct., 1403 
Decortication in pulmonary tubercu- 
losis. 1948' Dec., 1601-1611; 1949: 
April, 552, 557 

of unexpanded tuberculous lung fol- 
lowing induced nneumothorax, 
^ /.W- Dec.. 1591-1600^ 


in parapleeics, management, 1949: 

Oct., 1556 , 

method of simple excision and sliu- 
ing surgical closure, 1948: Aug., 
927-031 

surgical treatment, 1948: Aug., 
927 

Defects, large, repair of, 1949: Oct., 
1560 

Deformities of'^spine, neurological 
aspects, modern„view3, 1949: Feb., 
163-187 
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Dehydrating solutions in head injunea, 
]9p.- Dec., 1633 

Dehydration, estimation of deficits in, 
1940 Dec . 1852 
in surgery, J947- Feb., 210 
irreversible tissue damage following, 
1949 Oct , 15S6 

physiology of, 4949- Oct , J5S5 
De Lormc operation for prolapse of 
rectum, 4947- Oct., 1066, lOGO 
Dementia praecox, prefrontal lobotomy 
m, 1949: June, 812 
De Quervain’s disease, I94S: June, 817- 
620 

Dermoid eyst of mediastinum, 4947 
June, 606 

of ovary, 4947: June, 6SS 
Oesensltizabon of joint in chronic 
arthritis, 4949 Feb , 02 
Diabetes mellitua in young persons, 
cataract surgery in, 4949‘ April, 
508-512 

Diagnosis, laboratory, as aid to sur- 
gery, 4949 April, 480 
Diaphragmatic paralysis for pulmo- 
nary tuberculosis, 4949- April, 
543, 500 

Diaphj'seal tubereulosU, 4947' June, 
748 

Diarrhea, septic, after cholecystec- 
tomy, I94S' April, 503 
Diathermy in pelvic infiamtnatory dis- 
ease, 4947. Aug , 868 
Dicumarol in prevention and treat- 
ment of thrombosis and 
emboliam, I94S. April, 327, 
343 

in gynecology anil obstetrics, 
4948 Dee , 1472. 1475 
postoperative, 4947: Oct., 
I(M4 

in trochanteric fractures of femur, 
4948- Oct , 1376 
rectal route, 494S’ April, 338 
Diet, preoperstive, in jaundice, 4948 
June, 630 

Diffusion factor in lung aeration, meas- 
urement, /949' Dec , 1675 
Digestive tract, studies, 4949' April, 
480 

DihydrO'bctaerythrodin, 4947' Dec , 
1681 

Dilatation of cerviv uteri, 194S: Feb,, 
224 

of esophagus, 4947' Oct , 3128-1135 
Dilators, Bakes, 4948 June, 663 
Dislocations, aoromiocUvicular, 4949' 
June, 905 

of astragalus, 1947. Dec., 16f^ 
of hip, coneenital, treatment, 1949' 
Feb., S5N>4 


Dislocations of shoulder, recurrent 
capsular repair, pathologvcsJ 
findings and operative techmc 
1947. Oct., 12S9-1294 
operations for, 4949. Aug, 99S. 
999 

tenosuspension operation for, 
4949: Aug , 997-1007 
of toe, 494$: Feb , 200 
Diverticula, duodenal, use of long 
T'tube in common duct in, 1948 ■ 
June, 668 

esophageal, surgical treatment, 4949 
June, 631 

anesthesift in, 4947: June, 520 
Meckel’s, complications, in infants 
and children, Oct., 1221- 
1231 

gross intestinal hemorrhage due to, 
4947 April, 4« 

inflammation and perforation iq, 
J948' Oct . 1222 

of oppendiv, false, following infiam- 
motion and rupture of appendix, 
4949- Aug , 1189-1207 
Diverticulitis of colon, 4948: April, 534 
in aged, 1948: Oct., IS66 
massive hemorrhage due to, 4949 
April. 321 

with old rheumatic heart disease and 
hepatitis, clinicopathoiogic eon- 
ference, 4948: Feb , ^2 
Diverlicuiopoxy, 4949 June, 693 
Drainage of lung abscess, April, 
557 

operations in pulmonary tubercu- 
losis, Dec., 1392; 4949: ApnI. 
551,559 

BuctioR fluid requirements in, 19f7-' 
Feb , 225 

D-tubocuranne chloride, 4947: Dec , 
1581 , 

Ductus arteriosus, patent, surgical 
correction, 4948: April, 351; 4949 
June, 705 

Dumping syndrome, 1949: Dec , 
Duomnu contents, tests, fW-' April, 

drainage fn/aundice, /949‘Aag ,1669 
Duodenum and head of pancreas, re- 
eeclion, operative tcchmc, 
1948 June, 761 
status of, 4947: Oct , 163- 
atreri.*!, congenital, 4947’ Feb, 
carcinoma, massive hemorrhage due 
to, April, 320 „ . , 

diverticula, use of long T-tUM so 
common duct in, 4948' Jun®, ^ 
drainage, value and place m aisg* 
nosis, 4948: June, 587-591 
fistula following gallbladder surgery 
i9iS: April, M7 
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Duodenum, ulcer. See also Peptic ulcer. 
Billroth II operation, bIccdinR as 
late sequel, /P47: April, 211-247 
bleeding, in cliildren, 1047: April, 
446 

etiologj*, 1947: Aug., 905 
gastric resection for, 1947: Aug.. 
913 

subtotal, 1949: June, 707-777 
use of long T-tube in common 
duct in, June, C67 
gMtric ulcer and, 1947: April, 265- 

gMlro-entcrostomy for, 1947: Aug , 

surgical treatment, /94S; Oct.. 
1125 

physiologic aspects, /547; Aug . 
905-918 

vagotomy for, 1047: Aug , 915 
comparison of results with other 
methods, /S45: Oct., 1120 
Dupurtren’s contracture of hands and 
nght foot, epidermoid evst of palm 
with, 1948; Aug., 1031-1039 
Dye e.xcretion tests in jaundice 1949: 
_ Aug., 1073 

Di*8^rminoma of ovarj*, 1947: Aug , 

Dysmenorrhea, hysterectomy for. vagi- 
nal, 1947: Aug., 79S 
presacral neurectomy for. 1949: June. 
SOl-^ ^ . f- 

Dyspepsia and serous cysts of kidney, 
194S:^ June, 785-792 

Dysphagia, csophagoscopy in, 1947: 
Oct., 1193, 1202 


Ear, external, losses, repair of, 1947: 
r ' ““ 

^cnmococc\is of bone, 1947: June, 

Ectropion, 1943: Feb., 49 
of cerx-ix, 1943.- Dec., 1404 
Wema, cerebral, 1949: Oct., 1303 
m head trauma, 1949: Dec., 1023 


In region of, 1949: Feb.' 155- 

nianipulative surgery in. 
1949: Feb., 250 

fractures, supracondylar, segmental 
arterial spasm associated with, 
J948: April, 467-472 
with special reference to head of 
radius and olecranon, 1947: Feb., 

niiner’s, 1949: Feb., 150 
tennis, 1949: Feb., 156 


Elective surgery in aged, 1943: Oct., 
1311-1350 

Dectrocautery in cerrical lesions, 1943: 
Dec , 1406 

in cpistaxis 194S- Feb., S3 
Electrocoagulation method in obstruc- 
tive jaundice, /S45’ Aug., 497 
Elcctrodiagnosia in peripheral nerve 
lesions, 1947 Oct., 105S 
Electrolyte losses in intestinal ob- 
struction, 1949: Dec., 1<«6 
problems in surgery, 1947 Feb , 220 
1949 Oct., 15S3-159G, Dec., 1549- 
IS5S 

Eloctromyographv, 1947: Oct, 1061; 
WS' April, 5.32 

Electroshock therapy, curare in, 1949- 
Oct . 1575 

Embolectomy, 1943 Fch , 155 
arterial, 1943: .\pril, 366-372 
Embolism, arterial, 1943. Feb , 154 
surgical pbvsiologj', 1949: Dec , 
1654 

I pulmonary, anticoagulant prophy- 
' laxis, 194S: April, 325, 333 

in gj*necolog>* and obstetrics, pre- 
vention and treatment, 1948- 
Dec , 1469-1476 

management, 1945: April, 324-340 
postoperative, anticoagulants in, 
1947- Oct , 1944 

prevention and treatment, 1947" 
Oct , 1037-1051 

venous ligation in, 1947' Oct., 
1910, 1917 

Elmcsis during anesthesia, manage- 
ment, 1949 April, 425 
Emphysema of eyelids, 1943' Feb , 52 
Empyema, tuberculous, treatment, 
1949' April, 551, 5C5 
Endarteritis obliterans, sj*mpathec- 
tomy for, physiology, 1949: Dec., 
1CS6 

Endocervical resection, 1948' Dec., 
1407 

Endometrial biopsy, 1948: Feb., 224 
c\*sts, ruptured, 1947: Aug., 815; 
April, 5S7 

Endometriosis, backache in, 1947: 
Dec , 1353 

conservative management, 1949: 
April, 5S3-594 

hj*sterectomy for, 1947' Aug., 792 
of colon, 1947.’ June,6^ 

Endoscopy, 1947: Oct., 1191-1214 
Endothelioma of bone, 1947: June, 745 
Endotracheal anesthesia, 1949: June, 
941-961, Oct., 1577 
tubes, 1949: June, 943 
Enteritis, pseudomembranous, acute, 
following intestinal surgery, 1948: 
Aug., 999-1023 
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Enteritis, regional, diagnosis. ISiS: 
Oct., 1139 

medical treatment, Oct., 1141 
surgical treatment, i94B’ Oct . 
USiKlU? 

eegmentaJ, diffuse, W5: Oot., 1144 
toterobiasia. m9- April, 482 
Enterocele, Oct., 122&-1230 
Enterocoiitis, pseudomenibranous, 
scute, following inteatinai sur* 
eery, iSiS Aug , 89'>-1023 
bnterotomy, decompressive, aseptic. 

m9- Oct., 1403, 1404 
Entropion, spastic, Feb, SI 
Eosjnopbihc granuloma of bone, }di7' 
June, 748 

of akuH, }$4B Aug., J057-1069 
report of 4 caseg, with S year 
lollow-un, /S48. Aug.,I0G0 
Ependymoma, /S45 Aug . 1178 
Lpicondylftlgia, mS Feb., 157 
Epicondylitis. t9id Peb., 157 
Epidermoid eval of left palm with 
Oupuytren’s contracture of the 
hands and right fool, ms- Aug , 
_ 1031-10,10 

Epidid^ymiiis, gonorrheal, IS^S Feb , 

noiupccific, 1948 Fob., 218 
tuberculous, 1943- Feb , 218 
Epiglottis, CifCtnoma, surgical ex* 
cwioa, technic, iO^S. June, 670- 

Epiphysis, femora], slipped, in child, 
surgery io, ;94P Feb.. 287 
nsantpuUtive sorEory in. /949; 
Feb , 256 

Epiphysitis, pyogemc, in children, 
surgical treatment, lBi9- Feb., 2S5 
t-psspadias, transplantation of ureters 
„ m, 19i8 Oct , 1213 
Epjstaxis 19^8 Feb , 82 
Eptthelml horns, 4948 Feb, 77 
Epi thclioma of lip. !9^7: Aug , 015 
Cponychift. 19^8 Feb , 31 
Erosion of cervix, 1948 Dec , 1403 
Erythrocyte count as aid to surgery, 
1949: April, 474 

sedimentatjon rate, 1949 Apnl. 475 
Erythromclalpia, 1948 Aug , 1081 
csophagoscopy in, 79f7 Oct , 1200 
Esophagojejunal anastomosis »n total 
gastrectomy, 1949 June. 757 
Esophsgoscopy, anesthesia lor, 1947 
June, 521 

curare in, 1949- Oct , 3575 
m carcinoma of esophagus, /947' 
June, 584 

indications and contraindleatioBS, 
/947- Oct., 1198 

Esophagus, atresia, 1947' Feb , 72; 
1949 Oct., 3539 
operation for, 1949 Oct , 1540 


reMction m, 1947: June, 6S8, 
/949- June, 696 

ii».n35 

diverticula, I349.' June, 693 
surgery for, anesthesia in. 1947 • 
June, 520 

foreign body in, 1948- Feb., 179 
hiatus hernia, esophagoscopy in 
1947- Oct , 1201 ^ ’ 

surgical treatment, analysis of 
cases, 1947‘ Oot , 1121 
transabdominai repair. /947- 
Feb., 109-116 

Icstoiis^^esophagoseopy in, 1947: Oct , 

lower end, peptic ulcer of, massive 
hemorrhage due to, 1949: April. 
3IS . V . 

malignant disease, diagnosis, 1947’ 
June, 582-556 

resection, technic in, 1949' April, S67 
shortening, congonital, 1949: Dec., 
3763 

strictures, 1949- June, 694 
surgery of. technical aspects, 1949- 
June, 601-703 

surgieaJ physiology, 1949 Dec, 1763 
tumors, 1949 June, 505 
primary, 1947: Jane, 587-591 
varices, 1948 June, 720-732 
hemorrhage from, 1947: Oct , 1163; 
1949 April, 317 

Esllander operation for carcinoma of 
Up, 1947 Aug.lCOO 
Estrogens, effect on breast, 1949 Dec , 
3659 

in carcinoma of breast, indications, 

1949- Dec , 366S 
value, 1949 • Dee , 1665 
in menopause, 1947' Aug , 324 
Ether anesthesia, curare mth, 1949. 
Oct.. 1574 

intravenous uses, 1947: Dec , 3571 
Eversion of cervix, 1948 Dee , 1491 
Emng'a tumor, 1947' June, 745; /9{9' 
Feb , 133, 135 . , 

Examination, rectal, 1949: Apnl, 415- 


Exercises, hyperextension, in fractures 
Qfapine;^45. Feb ,201,^ 
m chronic arthritis, 1949: Feb., 90, 91 
postural in spioftl fracture, 19f9- 
Feb., 197, 198 

tolerance, determination, /9i9’ Dec., 
Exophthalmic goiter. Sec //ypefftyrofd 


ETOD^haimos, surgery in. anes^etie 
cooside.rations, 1947-' June. OS' 
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Exostoses, subungual, i9^: Feb., 19S 
Exstrophj’ of bladderj transplantation 
of ureters into eigraoid and cj3- 
tectomy in, l9iS: Oct., 1209 
Extensor tendons of fingers, repair of, 
I9i8: Oct., 1337 

Extradural hematoma, 19^9: Oct., 
1309 

Elxtraocular muscles, imb.alancc, surgi- 
cal treatments, physiologic aspects, 
mS: Aug., 8G1-8G9 

Extrapleural operations for pulmonary 
tuberculosis, /S45' April, 517, SCO 
Extremities, amputations. Sec .^Impula- 
iions, 

lower, malignant melanomas, radical 
treatment, 1547.' Oct., 113&-1143 
post-thrombotic sequelae, treat- 
ment, ffi47.- Oct., 1171-1177 
varicose veins, management, 19^: 
June,SS7-S92 
Eye, burns, /fl4S' Feb., 54 
foreign bodies in, 19^8: Feb , 53, 179 
minor surpery of, 10^8: Feb., -tfr-So 
muscles, imbalance, surgical treat- 
ment, physiologic aspects, t9i8: 
Aug., ,&G1;S69 , 


E 

infections, 19^8: Feb., 47 
trauma, 19i8: Feb., 51 

Face, hemangiomas, large, in children, 
surgical treament, 19^7: April, 
431-442 

plastic repair, full thickness grafts 
from neck for, /947 Oct., 1109 
tumors, benign, 19^8: Feb., C9 
Facial nerve, injury in parotid sur- 
gery, /547; June, 508 
technic of exposing, in parotid 
gland surgery, 19%9i June, 673- 
677 

paralysis of otitic origin, repair of, 
^ J9;8- April, 43S-445 


ii.^, 

Fascial suture, 1949: Oct., I56S, 1569 
Feet. See Foot. 

Felon, 1948: Feb., 32 
Feltv’s disease, splenectomy for, 1949: 
Oct., 1439 

Femoral artery, nonsuture anasto- 
mo3i3^1947;Oct.,1094 
epiphysis, slipped, in child, surgery 
in, 1949.- Feb., 287 
hernia in aged, 1948: Oct., 1304 

manipulative surgery in, 1949: 
Feb., 256 


Femoral hernia, repair, recent nrou- 
rcss, 1949 Oct., 1457-14S2 
with gangrenous bowel, 1949: Oct , 

vein, interruption of. in postopera- 
tive venous thrombosis and 
embolism, 1947: Oct 1040 
1017, 1948: April, 335, 34S, 350 ’ 
technic, 1947: Oct., 1048 
niih^ stripping of s.nphenous 
veins in post-thrombotic se- 
quelae of lower extremity 
1947; Oct . 1171-1177 
ligation for v’aricose veins, physi- 
ologic aspects. 1949 - Dec , 1691 
valves, ineompctcncy of, radiologic 
method of demonstrating, 1949: 
Dec , 1692 

Femur, condyles, amputation proxi- 
mal to. 1949- Feb , 230 
fractures, in children, 1949. Feb , 
293 

trochanteric, treatment by internal 
fixation, medical risk in, J948- 
Oct., 1371-1379 

head and neck, surgical approaches, 
1949- Feb , CG, 67, CS 
aseptic necrosis, following minor 
fracture of greater trochanter, 
1948: Aug , 1025-1030 
neck, fractures, management, 1949 
Feb , 31-57 

shaft, defects, repair of, 1949' Aug., 
IIGI 

surgical approaches, 1949. Feb., 
69 

Fetal asphyxia, 1947. April, 455 
growth, measuring, 1948: Dec., 14S9, 
1490 

indications for cesarean section, 
1948: Dec , 1500 
resuscitation, 1947: April, 4C0 
wastage, prevention, 1947. April, 
453-4 GO 

Fibroadenoma of breast, 1948: Feb , 


mixed adenocarcinoma and fibro- 
myxosarcoma arising in, 1949' 
Aug., 1137-1140 

Fibroadenomatosis of breast, 1949. 
Dec , 1661 

Fibioblastoma.perineurial, 1947; June, 
55G 

Fibroids of cervix, 1948 Dec., 1411 
of uterus, capsular vein, rupture, 
1947- Aug., 816 

complicating pregnancy, 1948: 

Dec., 1508; 1949: Aug., 1121 
degeneration or necrosis, 1947; 
Aug., 816 
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Fibroidsof-uterus,hystereetomy,80pra- 
vaginal, 1547. Aug, 790, JS4S. 
Dec, 1453 

total, !9i7- Aug., 790, JS43.- Dec., 
1463 

myomectomy /or, JSiS. Dec , J449 
prolapsed, 1947. Aug . 817 
treatment, 19iS Doc , 1446-1456 
Fibroma oi esophagus, 1947 June, 5S7 
Fibrosis of elbow, manipulative sur- 
gery m, Feb ,250 

of fingers and metacarpophalangeal 
iotnta, manipulative surgery m, 
1949- Feb , 251 

of knee, manipulative surgery in, 
1949 Feb .257 

Fibrositia of shoulder, manipulative 
surgery in, J9i9- Feb , 247 
Fibrous disease of breast, 1949- Dec , 
1661 

Fibula, surgical approaches, 1949 
Feb , 74 

Fibular transplants in long bune repair, 
1949 Aug , 1156 

Fingernajl, foreign body under, 1948 
Feb , 174 

Fingers, amputation, IW9 Feb, 231 
extensor tendons, repair of, l9fS 
Oct , 1337 

fibrosis, manipulative surgery in, 
1949 Feb . 251 

flexor tendons, repair, 1$48' Oct , 
1327, 1329 

fractures of, l948' Feb , ISI 
subfascial infection, 1948' Feb , 33 
Fissure, anal, June, 796 
Fistula, anal, internal, annular rectal 
stricture from, 1940 Aug, 1116- 
1117 

arteriovenous, 1948 Feb , 166, April, 
388 

surgical correction, physiology, 
1949 Dec , 1683 

biliary, following gallbladder surgery, 
1949 April, 506 

bronchopulmonary, after lobectomy, 

1948 Aug , 883 

duodenal, following gallbladder sur- 
gery, 1948 Apnl, M7 
gastrojejUDocolic, 1947 April, 316- 
331 

deficiency disease due to, J948 
Aug , 908 

intestinal, closure of, wire sutures 
in^l947 Dec . 1462 • 
lymph, spontaneous and traumatic, 

1949 Aug, 1035-1047 
rectovaginal, repair of, wire sutures 

in, 1947. Dec , 1455 
thyroglossa! duct, 1948- Feb , S3 
tracheo-esophage^, 1949 Oct , 1539, 
Dec , nm 


Fistula, vesicovaginal, transplantation 
of ureter? jo, 19^5; Oct., 1213 

Flexor tendons, of fingers, repair of 
1943. Oct., 132? ^ ’ 

of wrist, repair of, }9i8- Oct., 1335 
rliuQS, sdnunistratina, in head in- 
juries, 1949- Dec , 1633, 1634 
problems in surgery, 1949 Oct., 
J5S3-1596 

intravenous, in upper abdominal 
surgery, 1948 June, §32 
tOBscs m intestinal obstruction. 1SS9 
Dec., 1776-1788 

replacement therapy, J9p- Oct., 15S0 
physiologic aspects, 1949' Dec . 

1849-1853 

requirements in cases of suction 
drainage. 1947: Feb., 225 
of surgical patients, estimation, 
1947' Feb , 217 

Foot, simputation, 1949' Feb , 226 
prostneses, 1949: Feb , 235 
and hands, Dupuytren's contracture 
epidermoid cyst of palm tritb 
1948' Aug , 1031-1039 
deformity, correction, arthrodesis of 
ankle for, ;94r: Oct., 1281-1283 
lesions, manipulative eurgery in, 
1949 Feb., 26S 

minor surgery, 1948: Feb , 136-205 
pain, diagnosis in, /94S' Aug , 1071- 
im 

pronated, 1949' Feb , 289 
sprains of, 1947- Dee., 1505 
stabilitntion m infantile paralysis, 
indicatioDsand technic, 2949 Feb, 
261K274 

trauma to, 7947. Dec., IS05-15I7 
weak in haUux valgus, KelJcr opera- 
tion, end-result stuay, 1947' Oct , 
1295-1302 

Forearm, amputation, 1949' Feb , 233 
Forehead flap for repair of defects of 
nose and cheek, )S49 Aug , 1024 
Foreign bodies, f948' Feb , 174-184 
03 respiratory hasard in anest besia, 
1948 Feb., 233 

in bronchus, bronchoscopy in. 

1947: Oct., 1197 
in eye, 1948 Feb , 53, 179 
in nose, 1848' Feb , 87 
in urethra, 1948' Feb., 213 
management, 1948' Feb , 174 
prevention, 1948' Feb. 181- 
Foreakin, redundant, 1948 Feb ,«2H 
Fracture-dislocations, 4948 Feb, 193 
Practure-spraiiia, /9.f8vFeb , IW ’ 
FVactures, compound, "and their man- 
agement, /947. Dec , 14S6-I^ 
definitive treatment, J9-f7; Dec. 
HS9 
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Fractures, compound, first aid treat- 
ment, 13^7; Dec., 1-1S7 

; Dec., 

1O4.0 

metatarsal, 1947: Dec., 1511 
minor, 1948: Feb., 190-195 
nonunion in, 1947: Feb., 200-215 
gallbladder function and, 1947: 
Feb., 209 

of acetabular rim with dislocation of 
hip, sciatic paralysis in, 194S: 
Aup, 973-977 ^ ^ ^ 


01 eiuuWj supiaeuiiu^iar, »egun-ma* 
arterial spasm associated with, 
1948: April, -167-172 
with special reference to head of 
radius and olecranon, 1947. Feb , 
213 

of femur in children, 1949: Feb., 293 
neck, management, 1949: Feb , 
31-57 

trochanteric, treatment by internal 
fixation, medical risk in, I94S: 
Oct., 1371-1370 

of greater trochanter, aseptic ne- 
crosis of head of femur following, 
mS: Aug., 1025-1030 
of hand, compound, t catment, /949.* 
Feb., 15-20 

of hip, inlracapsuUr management, 
1949: Feb., 31-57 
of jaw, septic, /947: Oct , 1324 
of leg, comminuted and segmented, 
1949: Feb., 1-13 
of nose, 1948- Feb., 86 
of os calcis, 1947: Dec., 1513 
of phalanges, 1948: Feb., 191 
of radius and ulna in children, 1949: 
Feb. 295 

of skiill, 1949: Oct , 1301-1315 
classification, 1949: Dec., 1616 
depressed, 1949: Oct., 1309, Dec. 
1633 

of spine, compression, complicated 
by injury to spinal cord, 1949: 
Feb ,189-194 

in elderly people, 1949: Feb , 
195-205 

of tibia, open reduction and internal 
fixation, 1949. Oct , 1523-1534 
of tibial condyle, lateral, surgical 
treatment, 1949: June, 893 
of tibial spine, avulsion, with non- 
union, fixation with beef-bone 
screw, 1949: Aug , 1023-1033 
in children, 1949: Feb., 298 
of toe, 1948: Feb., 200 


Fractures of vertebral bodies, 1948: 
Oct , 1240 

subperiosteal, 7945: Feb., 194 
Friedreich’s ataxia, spinal deformity 
in, 7949 Feb , 184 
Froxen shoulder, 7949: Feb., 152 

manipulative surgery in, 1949: 
Feb , 247 

Fundus uteri, carcinoma. See Car- 
ctnomaof uterus. 

Fungous vaginitis, 1947 Aug., 853 
Furmss clamp in intestinal resection, 
7949 - June, 823 

Furuncles, nasal , 1948: Feb , SS 
of neck, 7943; Feb , 59 

Gal-xctose tolerance test in jaundice, 
7949: Aug , 1070 

Gallbladder, diseases, acute, 1948: 
June, 633-639 

early operation in, advantages, 
1948 June, 633 
in aged, 7949: April, 361 
complicating pregnancy, 1948: 
Dec., 1516 

diagnosis, 7943: June, 503-574 
medical maDugement, 7943.' June, 
013 

function, and nonunion in fractures, 
1947: Feb., 209 

gangrene of, clinical and pathologic 
study of 100 cases, 1948: Aug., 
970-99S 

in acute cholecystitis, 7949: Oct., 
144$ 

hydrops, 7945: June, 673 
mucoclasis (Pribram), 7948: April, 
497 

operative precedures on, 7949: June, 
805-815 

perforation •nith appendicitis, 1948' 
June, 572 

with internal biliary fistula, 1948: 
June, 573 

torsion, 1948 ' June, 574 
tumors, 7943: June, 669-672 
benign, 7943: June, 573 
malignant, 7943: June, 574 
Gallstones. See also Cholelithiasis. 
diagnosis, 7943: June, 569 
impacted, management, 1948: April, 
499 

preoperative and postoperative 

treatment, 1948: April, 493- 

507 « 

surgical treatment, 7943: June, 627- 
632 
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Gangrene of galJbIa«3der, conical and 
pathologic study o{ 100 cases, 
J048- Aug., 979-008 
la acuta cholecratitis. i9i9: Oct,. 
1448 

of Bmali bowel, femoral beroia with, 
1949: Oct.. 1414 
resection of, 1919 : Oct., U06 
Gartner’s cyst, 1949. Dec., 1512 
Gas mixing, intrapniznonary, test, 
1949 Dec , 1675 

Gastrectomy, subtotal, antral syn- 
drome following, 1947 : Oet , 1083 
Billrotb I type and its modifica- 
tions, ffiW Oct ,1361 
Billroth 11 type and ita modifica- 
tions. 1949. Oet., 3S72 
bleeding as late sequel, 1947' 
April, 211-247 

for duodenal ulcer, gastroiejuoal 
ulcer following, supradiaphras- 
roatic vagotomy in, 1947.- Aptu, 
24^-253 

for peptic ulcer, 7847. Oct , 1071, ' 
1081,1348 June,TC7-777 , 

gastritis followiog, 1943: Aug., 065- ! 
972 

jejunal ulcer following, i947: Oct , 
lOSi 

malfunctioning atoma after, 1947 
Oct . 10S2 

total, 7847 June, 621-030,4848. June, 
747-7C5 

(or multiple simultaneous car- 
cinoma of stomaeb, 7847: Aug , 
919-925 

indications, 7847* June, 621; i848 
June, 747 

postoperative care, 7848. Juno, 763 
splenectomy included in, 1948 
June, 562 

technic, i847.'4uae,627;4848 June, 
750 

Gastric See SiomocA 
Gastritis, gastroscopy in, 7847. Oct., 
12W 

massive hemorrhage due to. 7848 
April, 320 

postgastrectomy, 7846 Aug, 965-972 
Gasttocnemio-senaimembranosus “bur- 
sa,” 7847- Feb , 164 
Gastroenterostomy for duodenal ulcer, 
/847-Aug ,911 

Gastro-esopbageal anastomosis, 7848* 
April, 56S 

Gastroifttestinal anastomosis, sutnrea 
for, 1848- Oct ,1568 
hemorrhage in portal hypertension, 
portacaval anastomosis for, 7848 
April, 279-2^ 

massive, not due to peptic nicer, 
management, 7848; April, 517-321 
surgery, symposium on, 7847; April, 
231; 7848; Oct., 1123 


GostrowtestiQal tract, foreiim bodies 
in, 7843' Feb., 179 ^ 

motor activity, foilowinE ieiunoa 

tomy, 1947: Ami, 315 

surgical physiology, 1949: Dec., 
1763-1774 

Oasti-oiejaaal ulcer folJomag subtotal 
gastrectomy for duodenal ulcer, 
aupradiaphiagniatic vagotomy in. 
7847; April, 249-253 
Gaatri^jejMO^colic fistula, 7847 April, 

deficien^^^ disease due to, 7948 


161S 


>ec , 


tuberculosis, streptomycin in, 7848- 
Dec., 1639-1642 

Giant-ceU tumors of bone, 7847.' Jons. 
744 

Giardiasis, 7948. April, 482 
Glandular tumors of nose, throat and 
mouth, 7848. Aug., 1087-1106 
Glass tube anastomoais of severed ar- 
tenes, 7848' Apnl. 3Si,3S8 
Gliomas, classificalioo, simplified, 
based on theory of anaplaiia, 7848* 
Aug.. 1169-1187 

Globulin test, serum, in juandice, 7848. 
Aug., 1071 

Glucose tolerance test in juandiee, 
7848: Aug , 1069 

Goiter, cabbage, 7848; Dec., 1649 
eDderaic, iodine deficiency and, 7848 
Dee., ms 

exophtbolmic. Seefl’ypfrtAyroidim 
intrathoracie, 7847: June, 497 
lingual, 1947. June, 455 
surgery in, modern trends, 7847 
Den, ISM 

Goitrogens, 7948; Dec ,1643 
Gold foil in neurosurgery, 1947' Dec , 
1450 

Gonococcal vaginitis, 7847 Aug,S55 
Gonorrhea, acute, in womeo, treat- 
ment, 784S’ Dec., 1477 
recurrent, in women, surgical treat- 
ment, 1943' Dee.j 7479 
Gonorrheal conjunctivitis, 7848 Feb , 
46 

epididymitis, 1943: Teb , 217 
Gout, 7848* Aug , loss 
Grafts, bone, 7848* Feb., 77-66, Dec , 
1818-1S2S See also Bone pro/M 
nerve, 7947'; Ang , 9S2 
slrin SeeShn^afls 
vascular, 7948* Oct , 1517 
Granufoma, eosinophilic, of bone, 

June, 7-18 
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(iranulooia, eosinophilio, of skull, 1948: 
Aug., 1U57-1009 

report of 4 cases, with 5 year 
follow-up. 1948: Aug., 1000 
iDtraspitial, tuberculous, neurolog- 
ical aspects, 1949: Feb., 169 
Granulosa-cell tumor of ovary, 1947: 



Gritti-Stokes amputation, 1949: Feb , 
220 

Groin hernias, repair, progress in past 
decade, 1949: Oct , 1457-H82 
Gross’ operation for patent ductus 
arteriosus, 1949: June, 705 


Gynecology, recent advances, sym- 
posium on, 1948. Dee,, 1399 
symposium on, 1947: Aug., 703 
Gyrectomy, postcentral, partial, for 
relief of pain, 1947: Oct,, 1261 

llAttus valgus, 1948: Feb., 19S 

with weak foot, Keller operation, 
end*rc8ult study, 1947: Oct , 

loos-iom 


June, 821 

Hammer toe, 1948: Feb., 201 

phalangectomy for, 1949: Feb , 277 
Hand, fractures, compound, treatment, 
1949: Feb , 15-29 
infections, 1948: Feb., 27-45 
acute spreading, 1948: Feb., 29 
human bite, 194S: Feb., 40 
major space, 1948- Feb., 35 
minor space, 1948: Feb , 30 
postoperative care, 1948 Feb., 43 
severed tendons and nerves, repara- 
tive surgery, 1947: Dec., 1474-1485 
splint, universal, 1948-'Feh.,23,l949: 
Feb , 17 ^ 

tendons, repair of, 1948: Oct., 1323- 
1340 

wounds, open, treatment, 1948" Feb., 

^26 


Hashimoto’s disease, 1947: Dec., 1369 
Head injuries, acute, 194$: Oct. 1301- 
1815 

XI 


Head injuries, anatomical patterns, 
classitication, 1949: Dec., 1615 
diagnosis, 1949: Oct., 1304 
emergency therapy, 1949: Dec.. 
1624 


treatment, 1949: Oct., 1306 
closed, diagnosis and therapy, 1949’ 
Deo.. 1631 

open, diagnosis and therapy, 1949 
Dec., 1035 

tumors, superficial, I$48: Feb., 69- 
81 

Headache, postspinal, 1947: Dec , 1568 
Heart, arrest, in anesthesia, 1948. Feb , 
235 

management, 1949: Dec., 1745-1753 
congenital defects, surgical treat- 
ment, 1949: June, 705 
disease, congenital, cyanotic, 1948' 
April, 361 

surgery of, 1943: April, 353-365 
operation in presence of, 1949 
Dec., 1755-1762 

roassape of, /P49- Dec., 1737, 1745 
resuscitation, 1949: Dec., 1745 
rhythm, disorders, avoidance and 
correction of, 1949: Dec., 1735 
surgery of, anesthesia lor, 1949: Dec , 
1731 

intra-cardiac, future development, 
/P49; Dec., 1741 

• • ’ ' 3 


rieei.^^jmiiuui, reo , AUg., 


401-4 

of bead and neck, 1948' Feb., 72 
Hcmatocolpos, surgical treatment, 
/947.-Aug.,808 

Hematocrit reading in surgery, 1949. 
^ April, 475 ^ 


1631 

noi^ulsating, large, 1947: Feb., 153- 

of nasal septum, 1948: Feb., 86 
subdural, 1949: Oct., 1311, Dec., 1624, 
1631 

subungual, 1948: Feb., 197 
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Hematometra, sureieal treatment. 
m7 Aug, 80S 

llemogJobia estimation as aid to sor- 
gery, April, 474 

IIemo!>tJc anenua, acute, splenectomy 
ioT,1949 Oct,, 1437 
jaundice, splenectomy for, 1947: 
June, 617, 1$48: June, S65; 1949: 
April, 372 

UeroorThageflsJate sequel of perforated 
peptic ulcer, 1947; F^., 96 
of subtotal gastrectomy of Bill- 
roth II type for duodenal ulcer, 
mr April, 241-247 
cholemic, prophylaxis, iSift: April, 
497 

from esophageal vancea. 1947: Oct , 
1162 

from Meckel’s diverticulum, I94S. 
Oct , 1223 

g&stromtestiQ&l, m portal hypcrtcn- 
tiOQ, portacaval anastomosis for, 
1H9 April, 279-2S9 
massive, not clue to peptic ulcer, 
management, 1949. April, 317- 
321 

in peptic ulcer, 1947 • Oct , 1673 
lOtestinal, gross, m lufants and chil- 
dren. JW?-” April, 443-446 

iDtr&cerebellar, spontaneous, surgi- 
cal treatment, 1948 Apnl, 412-415 
massive, lo endometriosis, 1949- 
Apnl, 5S9 

oiSAi, 1948 Feb ,82 
in endotracheal anesthesia, 1947: 
Juue, S24 

rectal, 1948' June, 793-799 
severe, intra-arterial transfusion In, 
ma Dec , 1738 
subconjunctival, 1948. Feb., 52 

Hemorrhoidectomy, technic, 1949: 
June, 872 

Hemorrhoids, bleeding from, 1948' 
June, 794 

treatment, 1948 June, 795; 1949 
April, 3S3-3S7, June, 876-878 
injection, 1949 April, 385, June, 

869 

operative, 1949 April, 3S3, June, 

870 

Hemostasis, sutures for, 1949' Oct , 
1568 

Hemothorax, treatment, recent ad- 
vances, 1947' Dec , 1373 

Heparin in acute arterial injuries, 1949: 
Oct., 1519, 

in prevention and treatment of 
thrombosis and embolism, 
April, 325, 349 
in gynecology and obstetrics, 
1948- Dec , 1472, 1476 

Hepatic. See also iirer. 
artery, left branch, saccular aneu- 
rysm, clinicopatbologic confer- , 
enco, 7943* Feo., 4^7 


Hepatic duct injuries in biliary tract 
surgery, J94S; June, 649 
H®pntiti8, biliary secondary, ISI?- 
Feb ,45 ’ 

infectious, 1948; June, 695-700 
, diagnosis, 1947: Aug,, 926-944 
mtrahepatic biliary obstruction in 
1947 'Feb, 43 ' 

purulent. 1947. Feb , 45 
Hepato-bihary disease, preoperative 
sad postoperative treatment, J9is 
Apnl, 493-307 

fTernia complicating pregnancy, l 94 g. 
Dec., 1516 

femoral, in aged, 1943: Oct , 1364 
repair, progress in past decade 
1949 Oct., 1457-14S2 
nitfi gangrenous bonei,J545 Oct. 
UU 

Untus, esophagoscopy la, 1947: Oct , 
1201 

massive herma due to, 1949: Aonl. 
319 

surgical treatment, analysis of 
cases, /?47‘ Oct, 112M127 
transabdomioal repair, 1947: Feb , 
109-116 

Incarcerated, in aged, 7948 Oct, 1363 
mcisiona), repair, 1949- June, 7S7-793 
cuti? grafts. 1948' April, 517-524 
ioguiaai, in childhood, 1947. April, 
447-451 

repair, 1949: June, 795-804 
progress m past decade, 1949' 
Oct ,3457 

technic, 19^7 Dec., 156I-156S 
injection treatment, 1949: Oct , 1461 
recurrent, repair, cutis grafts in, 
ms. April, 517-524 
repair of, wire sutures in, 1947: Deo 
1451 

strangulated, 1947' Feb , 87 
in aged, 1948: Oct , 1365 
vaginal, posterior, 1947: Oct , 1236- 
12^ 

ventral, repair, 154® ’June, 787-793 
Herniation of intervertebral disk, con- 
servative treatment, 1948' 
Oct . 1244 

diagnosis, 1949. April, 533 
tentonal, 1949: Oct , 1313 
Herniorrhaphy, Cooper’s ligament 
technic, 1949' Oct , 1462-1477 
inguinal, technic, 1947' Dec., 1561 
new suture materials and supportive 
patches, 1949' Oct , 1477 
Herniotomy, simple, 1949' Oct., 1461 
Herpes progeDitaii3,/#47' June, 715 
loster, f947.’ Dec , 1355 
abdominal pain in, Oct, 11» 
Hiatus hernia, esophageal. See //ernio, 

Hip, amputation near. /^J^Feh., 231 
prostheses, 1949' Feb., 336 
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Hip, arthroplasty, mold, principle of, 
1947: Oct., 1303-1306 
dislocation, congenital, treatment, 
I949:Feb.,50-et 

with fracture of acetabular rein, 
sciatic paralysis in, 1948: Aug., 
973-077 

exposures, for drainage, 1949: Feb., 
66 

for reconstructions, arthroplasties 
and fractures, 1949- Feb., 06 
posterior, 1949: Feb., 09 
requiring view of femoral neck and 
subtrochanteric regions, 

Feb , 67 

fractures, intracapsular, manage- 
ment, 7949: Feb., 31-57 
osteoarthritis, manipulative surgery 
in, 7949: Feb.. 255 
painful, causes, 7948: April, 474 
obturator nerve avulsion in, 1943: 
April, 473-180 

Hippuric acid test in jaundice, 7948- 
June, 001, 7949: Aug., 1074 
Hirschsprung’s disease, 7948 Aug., 889- 
001,7949 Oct, 1547 
treatment, 7949: Oct , 1548 
Hodgkin's disease, bone changes in, 
7947.' June, 749 
neck lesions, 7948- Feb., 07 
of neck, 1947: June, 490 
Hofmeister technic of partial gastric 
resection modified, 7949; June, 7CS, 
Oct., 1377, 13S2 

Hoguet's maneuver in Cooper’s liga- 
ment technic of herniorrhaphy, 
7949 Oct., 1468 

Hollander insulin test following vagot- 
omy for peptic ulcer, 7947; Aug., 
901 

Homografts, nerve, use of, 7948’ April, 
451 

Homologous serum jaundice, 7948; 
June, 696 

Hordeolum, 7948; Feb., 47 
Hormone treatment of carcinoma of 
breast, 1947: Oct., 1144-1150; 
7949- Oct., 1355, Dec., 1665 
of prostate, 7949; Oct., 1511 
of menopause, 7947: Aug., S24 
of undescended testicle, 1847: Dec., 
1542 

Horns, epithelial, 7948; Feb., 77 
Humerus, malignant tumors, primary, 
treatment, 1947: June, 717-728 
shaft, defects, repair of, 7949* Aug., 
1160 

Hydrocele of tunica vapnahs, 7948; 
Feb., 218, 

Hydrocephalus, pathologic physiology, 
7948- April, 416-431 
treatment by choroid plexectomy, 
1948; April, 1415431 


Hydrocephalus with meningocele, 7948: 
April, 416-131 

Hydrops of gallbladder, diagnosis, 
1948: June, 573 

Hygroma, cystic, 794S‘ Feb., 66 

of horsemen, 7947: Aug., 9S7-994 
of neck, 7947; June, 498 
subdural, 7949: Oct., 1312 
Hymcnectomy, 7948; Feb., 227 
llypciextension exercises in fracture of 
spine, 1949: Feb., 201, 202 
Hypernephromaj 7949; Oct., 1496 
Hyperparathyroidism, diagnosis, 7947' 
June, 4S2 

multiple bone cj'sts in, 7947; Juno, 
741 

pathologic physiology of, 7948; Dec., 
1462 

treatment, 1947: June, 4S3 
Ilyperprotcinisation in cancer, 7949: 
April, 454 

IlypcTsplcmsm, splenectomy tor, 7949; 
April, 376 

Hypertension, essential, comparison of 
results of Smithwick operation and 
extensive thoracolumbar sympa- 
thectomy, 7948; April, 290-293 
nephrectomy for, unilateral, 1948* 
Dec , 1727 

I phcochromocytoma as cause, 1949: 
Dec., 1728 

porta), gastrointestinal hemorrhage 
due to, portacaval anastomosis 
for, 1948: April, 279-2SQ 
splenectomy for, 7949 April, 377 
and splenorenal anastomosis 
with preservation of kidney, 
7947; Oct., 1162-1170 
splancbnicectomy for, I9i9: Dec., 
1703 

surgical physiologj’ of, 7949; Dec., 
1699-1730 

sjTnpathectomy in, 7947; Feb., 147; 
7949; Dec., 1703 

physiologic effects, 7949; Dec., 
1707 

selection of patients, 1949: Dec., 
1719 

thoracolumbar sympathectomy for, 
7947; Oct., 1178-1187: 7949. 
Dec., 1705 

paravertebral approach, 7947: 
Oct., 1180 

transpleural, 1947: Oct., 1183 
Hyperthyroidism, antithyroid drugs in, 
7949; Oct., 1330 
apathetic, 1947: Dec., 1366 
carcinoma of thyroid gland and, as- 
sociation of, 7948; Aug., 935-952 
complicating pregnancy, 7948; Dec., 
1512; 7949; Aug., 1123 
iodine in preoperative preparation, 
7947;Dec.,1364 

methyltbiouracil in, 7949; Oct., 1333 
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Elyperthyroidism, propyltbiour&cil in, 
1949 Oct., 1331 

concomitant use of iodine or thy* 
roid, 1949- Oct , 1332 
radioactive iodine in, 194$' Oct., 1335 
surgery in, modern trends, 1947 : 
Dec., 1364 

thiouracil in, I947‘ Dec , 1364; 1949 - 
Oct., 1330 

treatment, present status, 1949* Oct 
1327-1339 

Ilypoproteinemia, transfusions in, 
1949; Dec , 1830 

flysterectomy, cesarean, 1948: Dec , 
1505 

subtotal, indications and technic, 
1947: Aug , 790-795 
supravaginal, for fibroids, 1948' Dec , 
1453 

total, for carcinoma of cervix, 194S 
Dec, 1421 ^ ^ 


I »ir*< ju 

vaginal, for prolapse of uterus, 1949: 
June, 855 

fflectioo eJ natifnta, J947: Aog., 
706-806 

technic, /947- Aug ,802 
Wertheim, in carcinoma of uterus, 
1947: Aug , 770 

Icterus See also Jaundice 
index in jaundice, 1849: Aug , 1067 
fieitis, regional, operations fofj prox* 


Ileosigmoidostomy for familial polypo- 
sis of colon, 1948; Oct , 1179, 1180 

Ileostomy in ^cerative colitis, 1947: 
Dee , 1432 

Ileum, atresia, congenital, 1947. Feb., 78 
terminal, duplication of, gross in- 
testinal hemorrhage due to, 1947: 
April, 444 

Iliac bone grafts in chronic osteomyeli- 
tis, /P48- June, 823 

Imbalance of ocular muscles, surreal 
treatment, physiologic aspects 
/94S: Aug., 861-869 

Imperforate anus, 1947: Feb., 82 

Incisional hernia, repair, 1949' June, 
787-793 

cutis grafts in, 1948' April. 517- 
524 

Incontinence of urine in women, 1947, 
Aug., 857-865 

Infantile paralysis. See Potiomyelilis. 


Infections of hand, 1948' Feb 27-45 
of neck, 1948' Feb ,69 


Aug, 815 

medical vs surgical treatment, 
1947 Aug , 8C6-874 
surgical treatment, 1948' Dec , 
1477-1485 

Inguinal hernia in childhood. 1947 
April, 447 

repair, 1949. June, 795-804 
cutis grafts in, 1948: April, 519 
recent progress, /pip- Oct , 1457- 
1482 

technic, 1947: Dec , 1561 
Injection treatment of hemorrhoids, 
1948: June, 795; 1949: April, 335, 
June, 869 

of hernia, 1949- Oct., 1461 
of sprains, 1948; Feb , 189 
of varicose veins, 194S- Feb , 145, 
1949' June, 887 


io wsr, 1948. April, 381-389 
bile ducts, 1948' June, 649-658 
birth. 1947: April. 45$ 
bladder. 1948- Feb , 209 
eyc,/P43‘Feb ,51 

foot and ankle, 1947: Dec , 1505-1517 
head See ^rod in/urirs. 
knee joint, acute, surgical diagnosis 
/PjP.-Apnl, 402-409 
neck, 1948 Feb , 56 
nerve, 1949 Aug , 973-995 
repair of, recent progress, /P4S 
April, 446-455 


hw 

[nterscapulothoracic amoutation id 
malignant tumors of humerus, 
iP47.-June,717 

ntervcrtebral disks, lesions, 1948: 
April. 456-466; /949- Feb., 218 
cervical, summary of 24 cases, 
/P^r.- Oct , 1246 

conservative treatment, 1948 
Oct ,1244 

diagnosis, 1949: April, 533 
operative procedure, 1948. April, 
461 
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Intestinal anastomosis, end-lo-cnd, 
priman*, 1949: Oct., 1406 
fistula, closure of, wire suturca in, 
J947.- Dec., 1452 

hemorrhage, gross, in infants and 
children, i947: April, 443-446 
obstruction, acute, 1949: Oct., 1297- 
1420 

diagnosis, Oct., 1399 
in aged, 194S: Oct., 1263 
preparation for surgerj*, 1949: 
Oct., 1402 

surgical technics, Oct., 1402 
analysis of 352 cases, 1947.‘ Feb., 
51-72 


Oct.,122S 

fluid and clectroli-le losses, 1949: 
Dec., 1776 

in newborn, 1947'‘ Fcb.,_72|^ 


toxemia in, 1949: Dee., 1781 
surgery, acute pseudomembranous 
enteritis or enterocolitis following, 
1948: Aug., 909-1023 
Intestine, large, carcinoma, 1947: Oct., 
101^1031 

lesions of, unusual, June, 651- 

65S 

lower portion, e.xamination, 1949: 
April, 415-419 

obstruction, anah-sis of 184 cases, 
1947; Feb., 62 

physiology of, 1949; Dec., li <1 
surgery of, chemotherapy in, 1949; 
April, 440 

small, decompression, aseptic, 1949; 
Oct., 1403 

digestive function, 1945; Dec., 1«*0 
early postoperative motor response 
to jejunal feedings, 1947; April, 
345-354 

gangrene, femoral hernia with, 
1949; Oct., 1414 
resection of, 1949: Oct., 1406 
obstruction, analysis of 168 cases, 
1947; Feb., 51 

management, 1949; April, 307-315 
physiologj', 1949: Dec., 1769 
resection of, 1949; June, 817-827 
end-to-end aseptic method em- 
ploying Furniss clamp, 1949: 
June, 823 

“open” anastomosis. 1949: 
June, 820 


Intestine, email, resection of, jejuno- 
ileac insufficiency following, 
1948: Aug., 907 

lateral open anastomosis, 1949; 
June, S21 

Mikulicz method, 1949: June, 825 
stricture, jejuno-ileac insufficiency 
following, 1945; Aug., 907 
tumors of, 1947: June, 644-650 
malignant, 194S; Oct., 1149-1157 
Intocostnn, 1947; Dec., 1575, 15S1 
Intra -abdominal disease, neurologic 
lesions simulating, 1945; Oct., 1185- 
1192 

Intracerebellar hemorrhage, eponta- 
neous, surgical treatment, 1945; 
April, 412-415 

Intracranial arterial aneurysms, sur- 
gical treatment, 194S: April, 396- 
404 

Intrapcritoneal masses, urologic in- 
vestigation, 1945- Oct., 1195 
Intraspinal solutions for pain control, 
1947; Dec., 1356, 1337 
Intrathecal administration of antibi- 
otics, 1949; April, 439 
Intratboracie extension of tumors of 
liver, 1948: June, 679-6S3 
goiter, 1947; June, 497 
Intratracheal tube, use of, 1949: Dee., 
1732 

Intravenous anesthesia, curare with, 
1949; Oct., 1574 
technic, 1949; Oct., 1571 
fluid therapy in upper abdominal 
surgery, 1948: June, 832 
uses of narcotics, 1947; Dec., 1570 
Intubation methods in endotracheal 
anesthesia, 1949; June, 950, Aug., 
1100,1101, Oct., 1579 
Intussusceptiog submucous lipoma of 
right colon, 1947; April, 361-372 
Intussusception, barium enema reduc- 
tion technic, 1949; Oct., 1545 
due to Meckel’s diverticulum, 1945; 
Oct., 1227 

ileocolic, nontumid, in adult, 1947; 
April, 355-560 

in infants and children, 1949: Aug., 
1H1-U51, Oct., 1513 
analysis of 95 cases in Cook 
County Children’s Hospital, 
1947; Feb., 3-22 

multiple, with multiple polyps and 
chylous ascites, report of unusual 
case, 1949; Aug., 1209-1213 
Inversion of uterus, 1949; April, 609- 
610 

Iodide, hormonal (protein bound), in 
thyroid tests, 1949; Dec., 1645 
Iodine, blood, 1949; April, 478 
goitrogenic action, 1949: Dec., 1650 
preoperative, in thyroid surgery, 
1947: Dec., 1361 
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Iodine, tadvontUve, in hyperiiiyTtad- ' 
ism, 1949: Oci., 1335 
in thyroid tests, 1849: Dec , IW6 
with propylthiouracil m hyperthy- 
roidism, 1949- Oci., 1332 
Irradiation See Ratnigen and Radtum 
Ischemic limb, management, phyao- 
logic aspects, I9i8- Dec., W95 
Ischiai ulcersin paraplegics, treatment. 
1949: Oct., 1559 

JaDNdici:, catarrhal, 1949: June, 6S3- 
700 

choiedochostomy in, 1948' Jane, 612 
differential diaanosia, j^8.‘ June, 
575-591 

hemolytic, congenital and acquired, 
differentiation, 1349: April, 373, 
374 

familial, splenectomy for, 1949: 
June, 562 

aplenectomy in, 1347 June, 617, 
ms- April. 372 

homologous serum, 1848 June, 696 
laboratory diagnosis, IS^ Aug., 
1065-1078 

obstructive, and hepatocellular, 
laboratory ffodiags compared, 
IWS June, 594 

peritoneoscopy :n, 194?- Oct., 1213 
preparation tor sur^ry in, 1948- 
Juno, 619'635 

regurgitation. 1948. June, 578 
retention, 1948 ' June, 578 
surgical, management, laboratory 
diagnosis and its pitfalls in, 
mt. Feb ,37-50 
prophylaxis, 194S Aprii, 497 
Jaw, odontogenic infections, treatment 
with aicTof antibiotics, 19i7- Oct., 
1321-1329 

Jejunal feedings, early postoperative 
motor response of emaU intestine 
to, 1547 April, 34V3M 
ulcer following subtotal gastrectomy, 
1947 Oct , J081 

Jejuno-ileac insufKciency, 1948: Aug., 
903-023 

causes, 1948 Aug ,994 
relation to sprue syndrome, I948. 
Aug.,01X}-923 

Jejunojeiunostomy in total gastrec- 
tomy, 1949- June, 761 
Jejunostomy, motor activity of gastro- 
intestinal tract following, 194T: 
April, 345 

Joint mice in knee, 1348- Oct,, 12S3^ 
Joints, aspiration, in chronic uthtitis, 
ms Feb , 92 

desensituation, in chronic arthriUa, 
1949 Feb , 92 

surgery of, symposium oa, 1949 
Feb , 1 

surgical approaches, 1949^ Feb , 65- 


Jojflts, tuberculous sinuses and abscea. 

streptomycin treatment. 
1948 Dec , 1614 ’ 


KEETtBT-Torek operation for un 
descended testicle, 1947' Dec 

KelJeT operation for hallux valgua ati^ 
weak foot, end-result studv. lSi7 
Oct., 1295-1302 

procedure in bunions, 1943 Feb, 200 

Keloid ecars, correction, 1545.- April 
6(4 

Keratoses, seborrheic, J943' Feb , 76 

senile or precanterous, 1948' Feb 
/^48-Fe6.,76 

Kidney, carcinoma, diagnosis, early 
/949- Oct, 148.W503 
grading of, 18i8- Oct., 1502 
surgical management and prog 
oosis, 1949. Oct , 1498 

cysts, serous, dyspepsia and, {84S 
June, 785-792 

diseases, abdominal masses in 
urologio investigation, 1948' Oct 
J20.3 

function, estimation, 1949 Aon 
485 

perforations, treatment, fS49 Ap« 
499 

tuberculosis, streptomycin in, I94i 
Dec., 1640 

tumors, classificatton, 1949: Oct 
1494 


symptoms, 1949: Oct., 1483 
Knee, amputation at, prostheses, iSW 
Feb 235 

anatomy, 19iS: Oct , 1248 
arlhrotomy of, 1949 June, 913-921 
both chambers, for dependent 
drainage, t847- Feb , 175 
lateral approach, lff49- June, 9J6 
taodiai or lateral approach, tStf' 
Junc,913 

posterior approach, 7^45 Jane, 919 
bursitis, anserina, 1947: Aug , 9S7- 
OTl 

disability, manipulative su^ry lo, 
1949 Feb., 257 

internal derangementa, diagnosis, 

/94S- Oct , 1232 

surgery of, 1948: Oct., 1247-1275 
jandmar^, /947-'Fcb , 16t _ 
loose bodies, osteocartilaginous, 
XSjr, Fcb.,i69 ^ 
pfayaiology, 19iS Oct., 1251 
popliteal outpouching of mp«r 
partment, /947' Feb , IW 
posterior approach to, 1947: Feh , 
IS7-181 ,« t- u 

Burgical exposures. 1$49- Feb., 
Eyphosis, neurological aspects, Ji'+i' 
Feb., 163-187 



INDEX TO VOLUMES 27, 28 AND 29 (1947-1949) 


1887 


’ — larj' 
45C 

Li • ' ■ ivcr 

diagnosis ana us piiiuuu in manage- 
ment of surgical jaundice, 1947: 
Feb., 37-50 

as aid to surgery, 1949. April, 
473-109 

in jaundice, 1949: Aug., 10G5-1076 
Labyrinlhotomy, destructive, in 
M<5niSre's disease, 1949: Aug., 
10S3, 10S7 

Lacerations of cervix, 194S: Dec , 1404 
of conjunctiva, 1948: Feb., 52 
of eyelids, 1948: Feb., 51 
of neck, 1948' Feb., 56 
Lacrimal puncta, cilia in, 1948. Feb., 
40 

stricture, 1948' Feb , 50 
Laryngoscopes, 1949: June, 942, 944 
Laryngoscopy, anesthesia for, 1947: 
June, 521 

curare in, 1949: Oct., 1575 
iQ endotracheal anesthesia 1949: 
Juno, 953, Oct., 1578 
Laryngosposm in anesthesia, 1948: 
Fel>., 212 

Larynx, anatomy, 1949' June, 956 
carcinoma, roentgen treatment, 1049: 
June, 6S0 

foreign bodies in, 1948: Feb., 179 
glandular tumors of, 1948: Aug., 1038 
surgery of, anesthesia for, 1947: 
June, 521 

Le Fort procedure for prolapse of 
uterus, 1947; Aug , 800 
Leg, amputations, I949' Feb., 223 
in children 1949' Feb., 291 
fractures, comminuted and seg- 
mented, 1949: Feb , 1-13 
plaster cast for, 194S: Feb , 233 
ulcers, chronic, 1947 Dec., 1W5-1560 
skin grafts in, 1949- Oct., 1553 
Legg-Perthes disease, 1949: Feb., 289 
Leiomyoma of uterus, capsular velo, 
rupture, 1947- Aug., 816 
Leiomyosarcoma of colon, 1947' June, 
656 

Lempert fenestration operation, 
resent status, 1948' June, SOI-SOl 
emia, bone changes in, 1947. 
June, 750 

neck lesions in, 1948: Feb , 67 
Leukocyte count as aid to surgery, 
1949: April, 474 

Leukoplakia of cervix, 1948: Dec., 1404 
of lip, 1943 Feb., 77 
of penis, 1947. June, 715 
surgical treatment, indications, 1949: 
Oct., 1318 

Leukorrhea, causes and treatment, 
1947: Aug., 84S-n856 


Levin tube, use, fluid requirements in, 
1947: Feb., 225 

licwisitc, eye injuries from, 1948: Feb., 
54 

Ligamentous reinforcement in re- 
current dislocation of shoulder, 
1949: Aug., 999 

Ligation of femoral vein in venous 
thrombosis, 1948: April, 335, 348, 
350 ^ ^ 


Ligatures, ineiaijje, Dee., 

1460 

Lingual goiter, 1947: June, 4S6 
Lip, carcinoma, 1948: Feb., 78 

surgical treatment, indications, 
1949: Oct , 1317 

treatment, 1947: Aug., 095-1006 
cleft, congenital, surgical correction, 
1947- April, 417-430 
glandular tumors of, 1943' Aug., 1087 
leukoplakia of, 1948' Feb., 77 
prccancerous lesions, treatment, 
1947: Aug , 9D7 

Lipase test, serum, in jaundice, 1949. 
Aug , 1075 

lipoma of colon, 1949: Aug., 1233-1243 
of head and neck, 1948: Feb., 63, 71 
of kidney, 1949: Oct., 1495 
retroperitoneal, 1947: June. 059- 
665 

submucous, intussuscepting, of right 
colon, 1947: April, 361-372 
Liver, biopsy, 1948: June, 601 

in portal cirrhosis, 1943: June, 716 
in surgical jaundice, 1947: Feb., 41 
carcinoma, 1948: June, 673-678 
cirrhosis, diagnosis and treatment, 
1948: June, 713-720 
diseases, diagnosis, laboratory aids, 
1948: June, 593-603: 1949: April, 
483 

peritoneoscopy in, 1947: Oct., 1211 
symposium on, 1948: June, 559 
urologic investigation in, 1948' 
Oct., 1196 

functional tests, 1948; June, 593, 
1949: April, 483 
in jaundice, I947‘ Feb., 39, 40; 
1948: June, 582; 1949: April, 
1067 

in portal cirrhosis, 1948: June 
714 

insuflicicncy, chronic ulcerative 
colitis and, 1948: June, 701 
following decompression in ob- 
structive jaundice, 1948: April 
502 

perforations, treatment, 1949: April 
410 

tumors, intrathoracic extension 
1948: Jane, 679-683 
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Lobectomy, early postoperative atel- 
ectasis after, physioio^c disturb- 
aoces underljnng, 194S: Aug , 
871-8SS 

for pulmonary tuberculosis, use of 
-- ’5I£>- 


1 for 

1259 

indications and results in 470 
patients, 1S48' June, 811-S16 
Local anesthesia. See Aneitkesia, 
local 

Loose bodies in knee, }9i7: Peb., 169, 
19^8- Oct , 1253 

Ludwig’s angina, /94S Peb , 62 
Lumbar puncture in head injury, 
i949. Dec , 1633 

siTupathectomy, technic, 1949' June, 
667-671 

Lumbodorsal sympathectomy for hy- 
pertension, 1949: Dee , 1705 
Lumbosacral plexus, injuries, 1949 
Aug , 937 

Lung, abscess, 1947: Dec , 1381 

bronchoscopy m, 1947 Oct., 1192 
drainage of, 1949- April, 557 

JP47,- Dee , 1333 
anatomy, bronchograpbie, 194^ 
April, 573-531 

blood flow, measurement, 1949: Dec., 
1678 

studies, arterial, iP49: Dec , 1676 
carcinoma, 1947: June, 592 
primary, 1947: Dec , 1403 
coccidioidomycosis, 1947: Oct , 1113- 
1120 

‘‘coin" lesions, management, 1948' 
Oct., 1313-1322 

functional tests, diagnostic and prog- 
nostic value, 1949' Dec , I671-16S1 
malignant lymphoma, 1947: Oct., 
1113-1120 

resection, for bronchiectasis, seg- 
mental technic. 1947: Dec., 1375 
for tuberculosis, 1947: Dec , 
1394; 1949 April, 549, 

561 

segmental technic, 1949- Apnl, 
667 

use of streptomycin in, 194S' 
Dec , 1519-1542, 1543-I5M 
total, technic, 1949: June, 717 
surgery of, chemotherapy in, 19^: 
April, 441 

recent advances, 1947. Dec., 1375- 
1405 

tuberculosis. See Tuberculotie, puU 
monary 

tumors, diagnosis and treatment, 
1947: June, 592-595 
ventilation, after lobectomy, dis- 
turbances in, 194S: Aug., 871-874 


Lung, volumes, dynamic, meaaan- 
ments, 1949: Dec., 1672 
static, measurements, 1949; Dec. 
1672 ’’ 

Lye^trictum^ esophagoscopy in, 1947 • 

Lymph fistulas, spontaneous and trau. 
matic, 1949. Aug., 1035-1017 
nodes of neck, treatment in car- 
cinema of lip, 1947: Aug , 1001 
Lym^hade^nitis, cervical, chronic, I94S 

tuberculous, 1948: Feb , 61 
sinuses secondary to, streptomycin 
in, mS: Dec, 1617 
Lymphedema, chronic, stage excision 
of Suid-accumulating tissues, isk 
Dec., 1694 

Lymphogranuloma venereum, 1947' 
June, 657 

of rectum, operative procedure, 
selection, 1949- April, 399-4M 
Lymphoma, malignant, of lung, 1947. 
Oct., 1113-1120 

of stomach, gastroscopy m, 1947' 
Oct , 1207 

Lymphosarcoma, bone changes ia, 
1947: June. 749 
of cecum, 1947: June, 653 
of neck, 1948: Feb , 67 


MacDovald’s method of measuring 
growth of fetus, 1948: Deo., 1490 
AfacGregor’s technic ia Cooper’a hga* 
ment technic of bermorrhapay 
1949: Oct , 1469 

Malarial spleen, splenectomy for, 1948. 
June, 662 

Malignant degeneration of chroaic 
benign gastric ulcer, 1947: Apnl 
2S9-29S 

disease in undescended testes, 1947 
June, 709-713 

tumors of bone, preoperative 
management, 1947: June, 729-735 
of bronchus and esophagus diag- 
nosis, 1947: Juno, 5S2-6S6 
0 / humerus, treatment, 1947. June, 
717-728 

of nasopharynx, 1947: June, 677- 


5S1 

of small intestine, 1948' Oct, 
1149-1157 . . 

Manchester-Fothergill operation for 
prolapse of uterus, 1947. Aug, 
801; 1948: Dec., 1463, 1463, 1949' 
June, 851 

Mandelic acid in unnary tract in- 
fections, 1948' Oct , 1353 
IklanipiJation in acute low backacne 
^e to minor inj’ury, 1948' Oct. 

in chronic arthritis, 1949' Feb , 90, 91 
Manipulative surgery in orthopedics, 
1949- Feb.. 243-259 
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March fractures of metatarsals, 1947: 
Doc,, 1612 

MascuUnovoblastoma of ovary, 1947: 
Aug., 845 

Massage of heart, 1949: Dec., 1737, 
3748 

Masses, abdominal, urologic invosti* I 
gaoon of, 1948: Oct,, 1195 
Mastectomy, radical, technic, 1048: I 
Oct., 12S1; 194$: June, 727-737, ' 
Oct., 1341-1353 

Mastitis, cystic, chronic, 1948: Feb., 
102 

treatment, f943* Feb., 103 
Mastoidectomy, facial parali'sia follow- 
inf!, repair of, 1948: April, 439 
incision: endaural or postaurlcular, 
1949: Aug., 1093-1006 
Mastoiditis, chronic, facial paralysis 
in, f948.’ April, 442 
Mattress suture technic for several 
arteries, 1948: April, 378 
Mayo modification of Billroth I oper- 
ation, 1949: Oct., 1364, 1376, 1370 
MeVay herniorrhaphyj 1947; Dec., 1562 
hlecholyl in congenital roegacolon, 
1948: Aug., 890 

Meckel’s diverticulum, complications, 
in infants and children, 1948: 
Oct , 1221-1231 

gross intestinal hemorrhage due 
to, 1947: April, 443 
IndammatioD and perforation in, 
1948: Oct., 1222 

Median nerve, injuries. 1949: Aug ,9S5 
regeneration in, 1947: Oct., 1053- 
lOQl 

repair, 1948: April, 453 
Mediastinum, tumors, benign, 1947: 
June, 696^04 

*•-, 1185 

■ t., 1M7 

■ ' ' • • .• * Jig-, filP 

Aug., 

surgical treatment, f 948; Aug.,8S0- 
001 

sjTTipathectomy for, JISS: Aug ,891 
Melancholia, involutional, prefrontal 
lobotomy in, 1948: Juno, 812 
Melanoma, malignant, of lower ex- 
tremities, radical treatment, 1947: 
Oct, 1136-1143 
subungual, 1948; Feb, 198 
M^nifere’s disease, differential diag- 
nosis, 1949: Aug., 10^ 
pathology, 1949: Aug., 1079 
surgical treatment, indications, 
1949: Aug., 1077-1091 
Bj-mptoms, 1949: Aug., 1077, 1081 
Meninges, injuries, in head trauma, 
1949: Dec., 1616 

Meningiomas of spinal cord, clinical 
features and end results, 1949: 
June, 659-665 


Meningitis, abdominal pain in, 194^; 
Oct., 1190 

Meningocele with hydrocephalus, 
choroid plexectomy for, 1948: April, 
416-431 

Meniscectomy, technic, 1848; Oct., 1265 
Meniseus, lesions, 1948; Oct., 1253 
syndrome, manipulative surgery in, 
1949; Feb., 257 

Menopause, artificially induced, treat- 
ment, 1947; Aug., 820-826 
Menorrhagia, hysterectomy for, 
vaginal, 1947; Aug , 797 
Mesencephalic spinothalamic tractot- 
omy for relief of pain, 1947‘ 
Oct., 1257 

Mesenteric tumors, 1947: June, CGO- 
669 

Metacarpophalangeal joints, fibrosis, 
manipulative surgery in, 1949: 
Feb., 251 

Afctallic sutures and Hgaturea, 1947: 
Dec., 1436-1460 

Metatarsal fractures, /947; Dec., 1511 
Methylthiouracil in hyperthyroidism 
1949: Oct., 1333 

Mikulics operation, modified, 1947; 
Deo., 1423 

pack, use, in resection of colon, 
1948: Oct., 1162 

resection of redundant sigmoid in 
prolapse of rectum, 1947; Oct., 
1005, 1068 

of small intestine, 1949: June, 825 
Milium, 1948: Feb., 49 
Miner’s elbow, 1949: Feb.. 15G 
Minor surgery, responsibilities of, 
/948; Feb., 1-3 

S osium on, 1948: Feb., 1 
mers, /947' Aug , 813 
I Mixed tumors of neck, 1948: Feb., 65 
I of nose, throat and mouth, /948.' 
Avg., m7~i}Se 

Modern trends in surgery, symposium 
on, 1947; Dec., 1343 
Moles of head and neck area, 1945. 
Feb., 63, 74 

removal of, /948: Feb., 75 


Monilial vaginitis, 1947: Aug., 853 
Moschcowits operation for prolapse of 
rectum, 1947; Oct., 1065, 1067 
Itfouth, carcinoma, combined neck 
dissection with resection in con 
tinuity of mandible with in- 
volved soft parts, technic, 1949 
Oct., 1322-1325 

surgical treatment, recent ad- 
vances, 1949: Oct., 1327-1328 
malignant tumors of glandular nature 
in, 1948: Aug., 1087-1106 
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Mucocele of appendix, i&47.' April, 
337-S-I3 

Mucoclasis (Pobram) ia c^Stnictive 
jauadjce, 1$^8. Aug , 497 
Mucoepidermoid tumor salivary 

glands, I9i9‘ Oct., 1327 
Mucosa! polyps of colon and rectum, 
sigmacance, 13^7; June, 675-6S0 
MUller-Hilhs maneuver in OMtetrics. 
ms- Dec , 149^ 

Muscfe operations for recurrent dis- 
location of ehottider, Aug.. 

sgs 

Muscles, extraoouUr, imbalance, sur- 
gical treatment, phy&zologie as- 
pects, 194 s Aug , 1>62-S69 
Muscular dystrophy, progressive, 
spinal defonsity in, 19^: Kcb , 179 
strains of back, ms Oct , 1235 
Mustard gas, eye loiunes frian, 194^- 
Feb.,Ai 

Myanesin, i347; Dec , 16S2 
Mycotic aneurysm, 194S- Feb , 163 
Myeloma, multiple, 1947 June, 746; 

1949: Feb , 133. 135 
Myeioscopy, 7949.' April, S33 
Mjoma. Sw Ftfrrota* 

Myomectomy, 1943 Dec., lWt> 
Boooey’s hood operation, tHS- Dec., 
HM 

multiple, Bonney’a operation, 4948. 
Dec„ 1450 

Myxoglobulosis ot appendit, 1947: 
April, 337-343 

Myxoma of breast, i948- Feb., 99 

TfAsat. See also Nose 
bemonhage, /948 Feb., 82 
in endotracheal anesthesia, 7947; 
June, 594 

septum, bematoma of, m^- Feb., 86 
Nasopharyngeal bursa, /94s. Feb., 92 
Nasopharyogoscopes, /943 Feb., 92, 
93 

Nasopharynx, malignant grotvtbs, /947: 
June, 577-581 

Neck, abscesses, deep, 1647. June, 497 
cvcatricial contractures, 4949: April, 
620 

cysts, 4947. June, 496 
dissectioQ, radical, 2949 J’ane, 63f- 
640, Oct , 1322-1323 
infections, 4948' Feb ,59 
injuries, I94S- Feb., S6 
lymph nodes, treatment JO carcinoma 
oflip, 4947 . Aug,, 1004 
minor gurgery, mS. Feb., 56-W 
plaster cast for, J949- Feb , 5S7 , 

surgery of, ancstfc^ja for, mansge- 
ment, f947‘ June, 517-529 
tumors, 194T: June, 486-500^ 4948: 
Feb.. 63, 69 

miiltipje, 79J7.- June, 496 1 


Necrosis, septic, of bead of femur 
following minor fracturs of greater 
_ trochanter, 1943; Aug , 1025-1630 
Neiascnao infection. See Gonorrhea. 
Neoaemopfastio in bepato-bihary sur- 
gery /fi49- April, 501 
Neonatal deaths, preventieti. ISU- 
April, 456, 45S » ♦ • 

Nephrectomy, uDilatera), for bypsr. 

tension, 2949- Dec., 1727 
Nephrolithiasis. See Caleuh, renal. 
Nephrostomy m'th total cystectoiay, 
J947; June, 703 

Nervc(»), autografts, 49iS April, 452 
block, procaine, in vasospasm of 
venous thrombosis, 4943: April. 

334 

ayrnpatbetic, uses of, 4947. Dec , 
1569 

facial, tcchnie of exposing, in pa- 
rotid gland surgery, 1949: June, 
573-677 

grafts, 4947: Aug , 0S2 
transplantation of, 4947: Feb., 121, 
Aug . 9S0 

bomogfafta, 1948. April, 450 
obturator, avulsion, in treatment of 
psinlul hip, 29)8' April, 473-480 
of hand, severed, reparative surgery, 
1947.- 1>«., H74-X485 
peripheral, anastomosis of, early, 
1947 Aug, 078 

compression by aaeutysm, I947r 
Aug.» OSl 

ead-to-end suture, fecbajc, 1947* 

Feb . m 

isiuries, and their treatment, IS49 
Aug., 973^-095 

lesions, electrodiagnosis, 194“- 
Oct., 1058 

regeneration in, f947; Oct., 1052- 

tepai? of, early vs late, 4S48- 
April. 448 

metboda, 2947.‘ Feb , IIT-ITS 
Oct , 1057 

primary and early seconasiy 
auturv, 1948- April, 449 
recent progress, 4943: Apnlfllo- 

surgical indications, 4947: Feb, 

suturing materials and methods 
/94j.* April, 44S 

surgery of, modern technics, m: 
Aug , 97S-9^ 

tumors, W7- June, 554-560 
Bciatic, traumatic paralysis, «»• 
Bociated with fracture of n® 
acetabulum and dislocation of nip 
4943: Aug., 973-977 . , . , 

eetmory. crushing o(,«, 
vasciuar disease, 1948- Apni, 300 
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Ner\'e(s), sheath tumor, nonpaliaadcd, 
1947: June, 557 
palisaded, 1947: June, 556 
Neuralcia, brachial, due to unilateral 
disk protrusions, I947‘ Oct , 12IS 
posttraumatic, paravertebral pro- 
caine block in, 1947: Oct., 1274 
segmental, abdominal pain in, 194S: 
Oct.j 1187 

trigeminal, relic! in aged and feeble, 
1947: Feb., 120-137 

Neurectomy, gastric, for peptic ulcer, 
favorable and unfavorable results, 
1947: Aug., 885-904 
presacral, for dysmenorrhea, 1949 
June, 861-SC6 

■■ ■ ‘ • c, 556 

• Oct., 

iiOj 

Neuro-astrocytoma, 1949: Aug., 1185 
Neurofibroma, 1947: June, 555 
of mediastinum, 1947: June, 590 
of neck, 1947: June, 495 
of spinal cord, clinical features and 
end results, t9i9‘ June, 659-665 
Neurofibromatosis, von Recklinghaus- 
en’s, spinal deformity due to, 1949: 
Feb., 171 

Neurogenic bladder, 1947: Aug., 930 
sarcoma, 1947: Juno, 657 
Neurological aspects of deformities of 
B;)ino, 1949: Feb., 163-187 
lesions simulating intra-ahdominal 
disease, 1948: Oct., 1185-1192 
Neurolysis, 1948; April, 449 
Neuroma, 1947: June, 555 
Neurorrhaphy, 1947: Aug., 979 
failure of, impro%cment of function 
after, 1947: Aug., 9S4 
Neurosurgery’, symiposium on, 194S: 
April. 390 

visual field studies in, 1948. April, 
432-437 

Neurotomy, retrogasserian, in aged and 
feeble, 1947- Feb , 129 
Neutropenia, idiopathic, splenectomy 
for, /947; June, 618 
splenic, splenectomy for, 1948: June, 
666; 1949: Oct , 1439 
Nevus flammeus, 1948 - Feb , 72 
pigmented, of head and neck area, 
1948: Feb., 74 
of neck, 1948- Feb., 63 
strawberry, 1948: Feb., 72 
Newborn, intestinal obstruction in, 
/547: Feb., 737 S 4 


r 

severed arteries, 1947: Oct., 1088- 
1099; 1948: April, 378 


Nonunion in fractures, 1947: Feb., 209- 
215 

gallbladder function and, 1947: 
Feb , 209 

Nose, defects, traumatic, 1949: Aug., 
1009-1028 

foreign bodies, 1948- Feb., 87 
fractures, 194 s Feb, 86 
malignant tumors of glandular nature 
in, 1948 Aug , 1087-1106 
minor surgery, 1948: Feb., 82-8S 
repair, with composite free grafts 
from ear, /947; Oct., IIOS 
Nosebleed, ;94S: Feb.. 82 
Novocain test in painful hip, 1948: 
April, 477 

Nucleus pulposus, displaced, 1948: 
Oct.. 1244 

Ober’ 8 incision for hip joint exposure, 
1049- Feb , 66 

ObIiteraii%'e arterial diseases, surgical 
physiology, 1949: Dec , 1680 
Obstetrics, recent advances, sympo- 
sium on, 1948 Dee , 1399 
Obturator nerve avulsion in treatment 
of painful hip joints, 1948: April, 
473-4 SO 

Odontogenic infections of jaws and 
associated soft tissues and their 
treatment with aid of antibiotics, 
1947- Oct., 1321-1329 
Olecranon bursitis, 1949: Feb., 155 
Oligodendroglioma, 1949: Aug., 1184 
Ollier’s disease, 1947: June, 741 
Ombrtfdanne’s operation for unde- 
scended testicle, /947: Dec., 1546 
Oophorectomy in carcinoma of breast, 
value, IB49: Dec., 1664 
Oorphorrhagia, 1947: Aug., 813 
Operations, elective, in aged, 1948: 
Oct , 13U-1350 

Operative risk in cardiac patient, 
evaluation, 1949: Dec., 1755 
Ophthalmology, visual field studies as 
aid in neurosurgery, 1948: April, 
432 

Oral See Mouth. 

Orchidoctomy for carcinoma of male 
breast, 1949' Dec., 1668 
Orchitis, 1948: Feb., 217 
Orr treatment of chronic arthritis, 
1947: Feb., 206 

of compound fractures, 1947: Dec., 
1503 

Orthopedic surgery, curare \q,^ 1949' 
Oct., 1575 

pediatric, 1949: Feb., 281-299 
symposium on, 1949: Feb., 1 
tuberculosis, streptomycin in, 1948 
Dec.. 1659-1662 

Orthopedics, manipulative surgery in, 
1949: Feb., 243-259 
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Oa caJcia,^ fr^tutea, 1^4?. Dec., 1518 
Oabotne incision for exposure of poa- 
tfenor hip, 19^: Feb., 69 
OscilioRTaph for recording phystolo^ 
variables during operations oa 
man, 191^8. Aug., 851-859 
Ostectomr in chronic arthritis. t9£d: 
Feb , 97,192 

Osteitis aefonnana, 1847: Jun*, 741 
Osteoarthritw a/ hip, manipulative 
surgery m, 1949‘ Feb , 255 
surgery in, 19^9 Feb , 87-1 IS 
Osteocartiisgiaous }oMe bodies in 
knee, 1947- Feb., 169 
Osteochoadntis dis^cans, 1948* Oct , 
1252 

Osteochondromatosis, synovial, 1649. 
Feb , & 

Osteogenic sarewna, 1947 /uae, 742, 
l»4$ Feb , m, 135 

Osteoid osteoma, 1947’ June, 75Q, 11149- 
Feb., IW 

OsteomycIjliB, J9i7’ Feb., 183-297, 
June, 738 

acute, 1948' Feb , 117-124 
complications, 1949 Feb , 121 
penmlUn lo, 1949' Feb , 119, Z>ce , 
1820 

mrgvcttl drainage in, l9i9: Feb , 
120 

anatomical considcrat tons and patbo- 
gcneeis, {647 Feb , 183 
ebronte, 1947 Feb , 196; 1948* June, 
821-829, 1949 Feb , 124-J3J 
sdenuateeTCisinn of involved area, 
1847 Feb , 19S 

chemotherapy, 1647 Feb , 206: 
im Dec , 1822 

obliteraijon of defect atid/or 
closure of wound, 1847. Feb., 199 
Orr treatment, 1947- Feb-. 19S 
surgical treatment, 1949. Feb., 125 
etiology. 1947- Feb , ISS 
hematogenous, acute, 1947 •' Feb., 192 
in children, chemotherapy, 1548. 
Peb , 285 

maximum points of tenderness in, 
1947: Peb , m 
of jaw, 1947 Oct , 1324 
pathology, 164? Feb , ISS 
treatmettC, 1947. Feb , 192 
Osteotomy for chronic artfasitis, 1S0: 
Feb , 97. 100 

Otitic facial paralysis, repafr of, J64S' ; 

April, 43S-445 ! 

Otitis media, acute, facial paralysis in, i 
;948- April, 442 

Otosclerosis, Lempeit fenestration 
operation in, present status, 1848. 
June, 801-SO-i 

Ovary, abscess, 194S' Dec , 2484 
rupture of, I9i8‘ Dec. 14S4 
adrenal-like tumor, 1647. Aug>, 845 
arthenoblastoma, 1947. Aug., 844 
Brenner tumor, 7947.* Aug , 84T 


Ovary, carcinoma, 1947; June, 6St-690 
bj^tercctomy for, total, 1947: Aug , 

cyst, complicating pregnancy, 19 i 9 - 
Aug , 1122 

cygtadenoma. 7^47- Jane, 6S3 
torsion of, 1947. Aug , 812 
'• lOJ?' June, 6S5 


845 

«tru/na} tumors, 1947' Aug., tuo 
thcca-cell tumor, 1947; Aug , 839 
tumors complicating pteguancy, 
7^48. Dec, wn 

functioning, 1947 ■ Aug , 837-847 
Overhoft position for pneumoncetwny, 
1947. Dec , 1397 
Oximeter test, 184^ Dec , 1676 


Pack, nasal, anterior, 1648 . Pcb., 84, 85 
posterior, Feb , 84, 85 
Paget’s disease of bone, 1947* June, 741 
of penis, 7P47: June, 715 
Pain, abdominal, lower mjadr&nt, 
neurologic aspect, /^47"’Dec ,1552 
neurologic conditions causing, 
m9. Oct , 1187 

hack, low, conservative tieatueat, 
1948 • Oct , I23M2te 
oeuralgic aspects, 1947’ Vee., 
1352 

cemcobrachial manipulative surgery 
III, I 649 Feb , ^5 
control of, technic, 794? Dee , 1343* 
13G3 

foot, diagnosis in, 194^-' Aug., 1071- 
1086 

in cheat and abdomifial walls, 1947' 
Dec, 1350 „ 

in shoulder and arm, J947* Dec , 1347 
intraclable, prefrontal loboloniy for, 
7414s- June, 812 

procaine block of sympathetic 
nerves in study of, J947: Oct., 
1263-1239 ^ , 

relief, by operations on centra' 
nervous systeia, /947.- Oct., 1254- 

mi 

sciatic, 1947- Dec , 13^ 
therapy of, 7945* Apnl, 484-492 
threshold, Aprd, 486 
Painful atrophy of disuse, 1943. Aug 
1082 

heel, 1943: Aug., 108S 
hip joint, obturator nem svalaon 
in, 1943: Apnl, 473-480 
phantom Vimb, treatment, l^iS. 
April. 4SI-4S3 

sbottMcf, 1949- Feb., 14^1^ , 
stales, classification, I343' 
ftjate, glandular tumors ol, J"**- 
Aug,, loss 
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Palm, tendons, repair of, 19^8: Oct., i 
1333 

Palmar space, middle, abscess of, J9i8: 
Feb., 35 

Palsy. See Paraly$i9. 

Pancreas, adenoma, islet cell, fS45‘ 
Dec., 1812 

with hypoglycemia, 19^7: 
April, 402 

anatomy, 1945: June, 7S0 
calculi, 194$: Dec., 1809 
carcinoma, 1949. Dec., 1810 
suppurative cholangitis due to, 
1947: Feb , 23, 30, 35 
cysts, 1948. June, 753-7G0, /545' Dec., 
1810 

management, factors influencing, 
1947; April, 411-410 
diseases, value of secretin test in, 
1949: Anril, 4S9 

head, and duodenum, resection of, 
operative technic, 1948: 
June, 761 

status, 1947- Oct., 1032 
carcinoma of, 1947: April, 40t 
palliative operations, 1948 June, 
763 

anastomosis of duct of Wir- 
sung In, 1947: June, 036- 
643 

radical operations on, 1947; April, 
401-410 

islands of Langerhans, abnormalities, 
1949 Dee., 1812 

perforations, treatment, 1949; April, 

response to trauma, 1949- Dec., 1792 
surgical lesions, clinical experience 
with, 1949; Dec., 1801-1816 
tail and body, excision of, 1949; June, 
779-785 

tests, 1945* April, 483 
trauma, reaction of body to, 1949: 
Xlec , 1794 

Pancreatectomy, partial, 1949.- June, 

_ 779-785 


•761; 

chronic, 1947: April, 415: 1949. Dec., 
1806 

relapsing, 1948* June, 733-740; 1949’ 
Dec , 1806 

diagnosis, 1949* April, 344 
etiology and pathology, 1949: April, 
339, Deo., 1789 
healing of, 1949: Dec., 1798 
surgical physiology, 1949; Dec., 1789- 
1800 

treatment, 1949: April, 339-359 
traumatic, 1949: Dec , 1798 
treatment, physiologic aspect, 1945: 
Dec. 1799 


Pancreatoduodenal resection, 1947: 
Oct., 1032-1030; 1948- June, 
761-775 

two-stage, 1948’ June. 766 
Pancreatolithiasis, 1947: April, 403 
Panhematocytopenia, primary sple- 
nectomy for, 1947: June, 618, 619; 
1948: June, 505; 1949; Oct., 1439 
Panhystcrectomy, indications and 
technic, 1947; Aug., 790-705 
Papaverine in vasospasm of venous 
thrombosis, 1948; April, 334 
Papilloma of breast, 194S; Feb., 96 
intraductal, 1949; Dec , 1603 
of eyelid, I948‘ Feb., 49 
of kidney, 1945; Oct., 1497 
Paraly'sis, Bell’s management, 1948. 
April, 442 

facial, of otitic origin, repair of, J548: 
April, 43S-445 

infantile. See Poliomyelitis. 
Paralytic scoliosis, 1949: Feb 212 
Paraphimosis, 1948: Feb., 216 
Paraplegia, decubitus ulcers, manage- 
ment, 1948: Aug., 025-933; 1949- 
Oct , 1556 

due to scoliosis, 1940. Feb., 169 
Parasites of blood, study of, 1949: 
April, 474 

Parathyroid glands, normal and ab- 
normal positions, 1947; June, 477 
tumors, 1947; June, 477-485 
Paravertebral block in study of vis- 
ceral pain, 1947; Oct., 1266 
sympathectomy for hypertension, 
1947 Oct., USD 

Parkinsonism, capsular operation for, 
end results, 1948: April, 390-395 
Paron^vchia, 1948: Feb., 31 
Parotid gland, surgery, technic of 
exposing facial nerve in, 1949: 
June, 673-677 

tumors, 1947; June, 501-516 
mixed, 19411; "Fe'b., 65 
Para raembrancea septi, origin, 1949. 
I Aug , 1248 

Patella, chondromalacia of, 1949: Feb.. 
261-267 

treatment, 1949: Feb., 266 
chondropathy of, 1948: Oct., 1259 
slipping or dislocating, surgical treat- 
ment, 1949: Feb., 281 
Patellectomy for chondromalacia patel- 
lae, 1849 Feb., 266 

I for chronic arthritis, 1849: Feb. 

I 106 

technic, 1948: Oct., 1265 
Patelloplaaty for chondromalacia 
patellae, 1949; Feb., 266 
Patent ductus arteriosus, surgical cor- 
rection, 1948: April, 354; 1949* 
June, 705 

Pectus excavatum, 1949: Oct., 1335 
operation fon* 1949: Oct., 1.3.36 
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Pediatric anesthesia, tSU Dec , J571 
surgery, new trends, I9{ff Oct . 13W 
orthopedic, 1949 Feb., ^l-5®8 
symposium on, 1S47- ApTi{,4l7 
Pedicle grafts, !ff43- Feb , I7. See also 
Sktn gratis, pedicle 
Pelvic ceilulitjs, Isis Dec., 1482 
inflammatory disease, 1S47 Aug , 
815 

medical vs surgical treatment, 
!9i7 Aug , 865-874 
surgical treatment, T94S' Dee, 
1477-14S5 

Pencil, indelible, injuries from, 

Feb , 174 

Penicillin, bacteria susceptible to, 
1H7- April, 432 

in acute osteomyelitis, 19^ Feb , 
119, 286, Dec , 1820 
in bone infection prophylaxis, 1949- 
Dec , 1822 

m chrome osteomyelitis, 1947. Feb , 
207, m& June, 821. 1949 Dec. 
1822 

in hand infections, 1948 Feb, 30 
in head injuries, 194S Dee., 1637 
m odontogenic infections of jaws, 
m7: Oct . 1321 

in open wounds of hand, t9i3' Feb , 


m pelvic inSammatory disease, f5<7- 
’Aug , 868 

In surgical infeettona, 0149. April, 
431-447 

intra-artenal iniectioa, 1949: April, 
4S7 

local injections, 1949 April, 438 
maintenance of plasma levcia, meth- 
ods, 1949- April, 436 
tovic reactions, 1949 April, 434 
PcDis, carcinoma, 1947 June, 714-716 
lesions, 1947 June, 714-716 
minor surgery of, 1948 Fcfa , 214 
Pentothal sodium anesthesia, curare 
wth, 1949 Oct , 1574 
technic, 1949 Oct , 1671 
Peptic ulcer, os psychosomatic disease, 
1947 April, 309-314 
bleeding, 1947 Oct , 1073 
gastrectomy, auhtotal, 1947- Oct , 1 
1071, lOSl; 1949 June, 767- 
777 

gastritis following, JFJS Aug , 
965-072 

gastroscopy in, 1947 Oct , 1206 
intractable, 1947 Oct , 1077 
pialignancy and, 1947 0«t , 1077 
obstruction in, J847 Oct ,1075 ^ 
of lower end of esophagus, massive I 
hemorrhage due to, 1943 ' April, j 

perforation, 1947 Oct., 1072 
in aged, 1948 Oct , 1367 
surgical sequelae following re- I 
overy from, /847.’ Feb ,SO-f'" ' 


Peptic ulcer, perforation, technic of re- 
pair, 1947- Feb , 100, lOl 
reperforation of, 1947: Feb , 97, 306 
surgical treatment, fsis- Ool 
1123-1137 

current practices, 1947; Oct 
1071-J0S7 

significance of gastric acidity 
m, 1947' April, 255-260 
vagus resection for, 1947; Oct , 
1071, 1079, Dec., 1406-1415, 
ms- Oct , 1130 
complications, 1947; Dec ,1413 
favorable and infavorable re- 
sults, 1947- Aug., SSS-904 
insulin test after, 1947; Aue , 
900, Dec , 1409 

Perforation of colon, traumatic, repair 
of, 1947- Dec . 1424. 

of Meckel's diverticulum, ISfS- Oct , 
1222 

of peptic ulcer, 1947 Oct., 1072 
in aged. 1948. Oct , 1367 
surgical sequelae foHomog re- 
covery from, 1947; Feb , 93- 
308 

of solid abdominal viscera, treat- 
ment, f949' April, 400-414 
Periarthritis of shoulder, 1949. Feb, 


152 

manipulative surgery in, 19{9 
Feb , 247 

Perihepatic abscess, surgical manage- 
meot, 1943; June, 6S5-692 
Perineorrhaphy, wire sutures in, JS47’ 
Dec.. 1456 

Perinephric abscess, 194$. Feb , 206 
Pcrlphcrfll artenes, obstnietion, 134^ 
Feb , 151-173 

nerves, injuries, and their treatment, 
1949- Aug , 973-995 
lesions, elcctrodiagnosis, 1947. 

Oct., loss . ^ 

regeneration in, 1947’ Oct., Iw2 
repair of, 1947: Feb., 117, Oct , 
1057 

recent progress, 194$' April, 446- 
455 

surgery of, modern technics, 1947. 

Aug.978-9S6 
tumors, 1947; June, 
vascular disease, studies of, radio- 
actii’e aodium in, 1943 April. 
304-323 . - 

surgical physiology, 1949' Dec , 

I6S3-169f 

surgery in. 1948’ April. 
sympathectomy in, 1947. Feb., 
13^152 . .. 

Peritoneal button, use, in ascites, im 
June, 723 t* "w uti 

cavity, aspiration of. 1947' Tth , I 
fluid, tumor cells 
Hgnificance, 1949' April, 501 
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Peritoneoscopy, indications, contra- 
indications and tcclinic, 1947: Oct., 
1209 

Peritonitis, appendiceal, 1949: Oct., 
1385-1390 

appendectomy in, 1949: Oct., 1392 
sulfonamides and antibiotics in, 
1949: Oct , 1393 

chemotherapy in, 1949: April, 440 
complicating hcpato-biliary surgery, 

1948- April, 501 

Peritonsillar abscess, 1948- Feb , 89 
Periurethral abscess, 1948: Feb , 212 
Peroneal nerve, injuries, 1949' Aug., 
089 

Phalangectomy for toe deformities, 

1949- Feb., 275-280 
Phalanges, fractures, /54S; Feb., 191 
Phantom limb, painful, treatment, 

1948: April. 4S1-483 
Pharyngeal space infection, 1948: Feb., 
62 

Pharynx, minor surgery, 1948- Feb., 
89-94 

surgery of, anesthesia for, 1947: June, 
521 

tumors, Feb., 93 
glandular, 1943: Aug.. 1083 
Pheochromocytoma, 1949 Dec., 1728 
clinical problem of, 1947' June, 605- 
615 

Phlebectomy for varicosis, 1948 April, 
545-550 

Phlebography of lower extremity, 1948' 
April, 541-544 

Phlebothrombosis in obstetrics and 
gynecology, 1948; Dec , 1469 
Phosphatase, alkaline, of scrum in 
liver disease, 1948: June, 600 
blood, April, 478 
Phosphorus, blood, 1949' April, 478 
Phrenic nerve surgery in pulmonary 
tuberculosis, 1947' Dec., 1393 
Phreniccctomy for hiatus hernia, 1947- 
Oct., 1125 

Physical therapy in control of pain, 
1947: Dec., 1361 

Physician-anesthetist, 1947' Dec , 1572 
Physiologic aspects of surgical treat- 
ment of imbalance of ocular mus- 
cles, 1943' Aug., 851-869 
disturbances underlying the develop- 
ment of early postoperative ate- 
lectasis after lobectomy, 1943: 
Aug , 871-883 

variables during operations on man, 
apparatus for recording, with ob- 
servations on changes of blood 
pressure during resection for 
coarctation of aorta, 1948: Aug., 
851-859 

Physiology, surgical, sjunposium on, 
1948: Aug., 851 ; 1949: Dec , 1613 
Piles. See Hemorrhoids. 


Pilonidal cysts and sinuses, 1949: June 
S79-8SG 

closed method of treatmen 
1949: June, 8S2 

open operation, 1949: June, 881 
Pins, transfixion, in fractures of leg 
1949; Feb., 10 

PituiLary tumor, 1947: July, 530-534 
Placenta, premature detachment, 194’i 
April, 4M 

previa, 1947 April, 457 
Plantar wart, 1948: Feb., 203, Aug 
1083 

Plasma in burns, 1948: Oct., 1303 
volume, measurement, 1949: Dec 
1852 

Plaster casts, technic of application 
1948: Feb., 241-261 
Plastic operations in peripheral vas 
cular disease, 1948' April, 301 
repair of defects of nose and cheek 
1949: Aug., 1009-1028 
surgery, recent developments, 1947 
Oct , 110&-1112, 1949 Oct , 1551 
1563 

Pleural fluid, examination, 1949: April 
479 

tumor cells in, diagnostic signifi 
cance, 1949: April, 501 
Plexcctomy, choroid, for hydro 
ccphalus and hydrocepholus wit! 
meningocele, /P43 April, 416-431 
Pneumonectomy for bronchiogenic car 
cinoma, 1947: Dec., 1404 
for pulmonary tuberculosis, use o 
streptomycin in, 1947: Dec., 1394 
1948: Dec., 1519-1542, 1543-1554’ 
sutures in, 1949: Oct., 1569 
total, technic, 1949 June, 717-720 
Pneumoperitoneum for pulmonary tu 
berculosis, 1949' April, 544 
Pneumothorax, artificial, in pulmonary 
tuberculosis, 1947: Dec., 1386 
1949' April, 542, 560 
extrapleural, for tuberculosis, 1949 
April, 546 , 560 

induced, decortication of unexpandCi 
tuberculous lung following, 1948 
Dec., 1591-1600 

Poliomyelitis, anterior, foot stabiliza 
tioD in, indications and technic 
1949: Feb., 269-274 
toe deformities, phalangectomy 
for, 1949: Feb., 275-280 
spinal deformity in, 1949: Feb 
184 

vasospasm of sympathectomy for 
1947: Feb., 144 

Polya operation, 1949: Oct., 1373, 1377 
Hofmeister modification, 1949 
Oct , 1377, 1382 

Polymixin, antibacterial spectrum 
1949: Oct., 1291 

clinical indications, 1949: Oct., 1292 
use in surgery, 1949: Oct., 1290 
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Polyps, cervical, !948' Deo , 1411 
as cause of leukorrhea, treatment, 
1947- Aug., 852 

multiple, with multiple intussuscep- 


Portacaval anastomosis, observations 


hypertension, portacaval anastomo- 
sis for gastrointestinal hemor- 
rhage due to, 1948. April, 27{^ 
2S9 

splenectomy for, 1949. April, S77 
treatment by splenectomy and 
splenorenal anastomosis with 

S reservation of kidney, 1947: 
ct.. 1162-1170 

vein, obstruction, by pancreatic 
cyst, 1947: Aprii, 412 
Portex endotracheal tubes, 1949. June, 
945. 946 


ib/-iai 

Postgastrectomy gastritis, 1948: Aug , 
965-972 

Postoperative c.ire in carcinoma of 
breast, 1948 Oct., 1288 
in internal derangements of knee, 
1948: Oct , 1271 

ID transplantation of ureters, 1948 
Oct , 1218 1 

in trochanteric fractures of femur, 
1948: Oct , 1375 


Postural deformities in spinal fracture, 
measures to overcome, 1949: Feb., 


Posture, poor, as cause of backache, 
1948: Oct , 1243 


Potassium, blood, 1949- April, 478 
deficits m dehydration, 1949: Dec 


Precancerous lesions of lips, treatment 

1947- Aug , 997 

Prefrontal lobotomy, bilateral, for 
relief of pain, 1947: Oct , 1259 
indications and results in 470 
patients, 1948: June, 811-816 
Pregnancy, abnormal cervix dunne, 

1948- Dec , 1412 
ectopic, 1947’ Aug , S09 

management, I9J^‘ April, 695-698 
intrauterine and extrauterine com- 
bined, 1947- April, 467-470 
surgical complications, 1948’ Dec , 
1507-1618; Aug , 1119 
tuberculosis complicating, manage- 
ment, 1947. April, 461-465 
Prematurity, causes and their pre- 
vention, 1947- April, 456 
Preroedication in upper abdominal 
surgery, 1948" June, 832 
Premenstrual edema, 1947, Aug., 827- 
836 

Preopei alive care in carcinoma of 
breast, 1948. Oct , 12% 
in transplantation of ureters, 1948' 
Oct , 1217 

in trochanteric fractures of femur, 
1943 Oct , 1372 

of aged patients, 1948' Oct , 1346 
of prostatic patient, 1948 Oct , 
1361-1359 

preparation in upper abdominal sur- 
gery. 1948' June, 831 
of jaundiced patient, 1948: June, 
619-625 

Prepyloric spasm, habitual. 1948' June, 
777-7S3 

Presacral neurectomy for a)’smenor- 
rhea, June, 861-866 

Pressor drugs in spinal anesthesia, 
f947; Dec , 1567 

Pressure dressings in burns, 1948' Oct , 
1302 

in skin grafting, 1947 Dec , 1471 
Procaine nerve block in study pf in- 
i i-uir. onH rimiilatorv 


Prolapse, anal and rectal, 7947_^^- 
1062-1070; 1948: 
amputation of, 1947, Oct., 1066 



INDEX TO VOLUMES 27, 28 AND 29 (1947-1949) 


1897 


Prolapse, anal and rectal, Do Lormc 
operation, 1947: Oct , 1060, 1069 
in infancy and childhood, 19411: 
Aug., 1215-1222 

Moschcouitz procedure, 1947: 
Oct., 1065, 1007 

of uterus, nystercctomj* for, vaginal, 
1947: Aug., 800 

Le Fort procedure, 1047: Aug., 800 
Manchester operation, 1947: Aug., 
601; /94S.’Doc., HG3. 1465; /945: 
June, 851 

total colpoclcisia for, 1049: Juno, 
869 

treatment, 1949: June, 847-SOO 
vaginal hj'atcrectomy for, 1949. 
June, S55 

Vaginal repair with abdominal sus- 
pension, 1949: JuaCj 619 
Watkins-Wertheim interposition 
operation, 1047: Aug., 800; 1949- 
June, 851 

Pronated feet, 1949: Feb , 2S0 
Propylthiouracil in hyperthyroidism, 
1949- Oct., 1331 

concomitant use of iodine or thy* 
roid, 1949: Oct., 1332 
Prostate, abscess, 1947: Dec., 1539 
calculi, /947; Dec., 1537 
carcinoma, 1947: Oct., 1307-1311, 
Dec., 1532; /94S Oct., 1333; 

Oct., 1610 

hormone treatment, 1949: Oct , 
1511 

total perineal prostatectomy for, 
7947.- Oct., 1307-1311 
diseases, management, advances in, 
1949: Oct., 1505-1612 
hjT)ertrophy, 1947: Deo., 1618 
obstruction, clTcct of alcohol, I94S: 
Oct., 1352 

management, /947.- Dec., 1522 
preoperative oppralsal and care, 
1948: Oct., 1351-1359 
urinary retention in, nreoperative 
management, 1949: Oct., 1606 
surgery of, 1947: Dec., 1518-1540 
Prostatectomy, indications for, 7947.* 
Dec,, 1522 

perineal, 1947: Dec., 1528; 1949: Oct., 
1609 

radical, as ouro for cancer of pros- 
tate, 1947: Dec., 1636 
total, for carcinoma of prostate, 
1947: Oct., 1307-1311 
retropubic, 7949.* Oct., 1509 
suprapubic, 1947: Dec., 1523 ; 7949; 
Oct., 150S 

transurethral, 7947; Dec. 1530 ; 7949; 
Oct.. 1507 

transplantation of ureters after, 
1948: Oct., 1213 

Prosthetic devices following amputa- 
tion. 7949; Feb., 234 


Protein deficiency, transfusions in 
7949- Dec., 1830 

nutrition in cancer, 7949; April, 449- 
472 

metabolism, bone injury and, 7949; 
Dec , 1826 

Proteins, serum, 1949: April, 477 
Prothrombin time in liver disease, 1948- 
Juno, COO: 7949; Aug., 1072 
Pruritus, anal, 1948: Juno, 794 
in jaundice, treatment, 7948; June, 
625 

Psoudohermaphroditism, male, impor- 
tance of psychiatry in surgery of, 
7947. Oct., 121S-1225 
Psychiatry, importance in surgery 
of male pseudohormaphroditism, 
7947- Oct , 1218-1225 
Paychfc trauma, anesthesia and, 7949; 
April, 420 

Psychoncurotic, testicular complaints 
in, 1948: Feb , 221 

Psychoses, prefrontal lohotomy in, 
indications and results in 470 
p.aticnts, 1948: June. 811-810 
Psychosomatic aspects of peptic ulcer, 
1947: April, 309-314 
backache, 7949. Feb., 220 
Pterygium, 794S; Feb., 47 
Ptosis of spleen, splenectomy for, 7948; 
June, 561 

Pulmonary. See niso Limp, 
arteries, origin, 7949; Aug., 1219 
“coin” lesion, management, 7948 
Oct., 1313-1322 

embolism, management, 1948: April, 
324-340 

postoperative, anticoagulant pro- 
phylaxis. 7947- Oct , 1044; 1948- 
April, 325, 333 

prevention and treatment, 7947- 
Oct., 1037 

venous interruption in, 7947- 
Oct., 1040, 1017 

stenosis, surgical treatment, 7949. 
June, 709, 713, 714 

Purpura hacmorrhagica, idiopathic, 
splenectomy for, 7949; April, 375 
thrombocytopenic, splenectomy for, 
7947; June, 618; 7948; June, 565; 
1949: Oct., 1436 

Pyelography in kidney tumors, 7949; 
Oct., 1487 

in retroperitoneal tumors, 7948; Oct., 
1198 

Pyloric obstruction as late sequel of 
perforated peptic ulcer, 7947; 
Feb., 96 

following ingestion of corrosive 
substance, 7948; Aug., 1941-1056 
Pyloroplasty, technic, in conjunction 
with vagotomy, 7948.* Oct., 1135 
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Rachitic scoliosis, 19iS; Feb , 211 
Radiai nerve, iojunes, S9i$: Attg , 9S4 
regeneration in, 1947. Oct , 1052- 
lOCI 

repair, 1948- April, 453 
styloid, stenoaing tendovaeinitis 
over, 1948: June. 817-830 
Radioactive iodine in hyperthyroidism, 
ms Oct , 1335 

in thyroid tests, lH9 - Dec . 1646 
sodium in peripheral vaseuiardisease 
studies, April, 3(^323 
Radiohumcral bursitis, 1H9. Feb , 155 
manipulative surgery in, 19i9‘ 
Feb , 251 

Radium treatment in gynecology, tSfS: 
Feb.m 

of carcinoma of ccrviv, 1947 Aue , 
775, 776, 1948 Dec., 1417 
of prostate, 1947 Dec . 1535 
of uterine body, IS47 Aug , 
775-789 , 1948 Dec , 3433 
Radius, fractures, in children, 1949 
Feb , 295 

shaft, defects, repair of, IS49 Aug., 
1160 

RBnkm*M>kulK2 resection of colon, 
1947: Dec , 1422 
Rsnuls, 1947 June, 503 
Raynaud’s disease, sympathectomy in. 
1947 Feb , HO 
physiology, 1949 Dec , 1688 
Rectosigmoid, carcinoma, 1947: Oct , 
1026 

one stage pull-through operation, 
use of wire sutures in, 1 547' Dec , 
1453 

operative treatment, 1949 April, 
323-319 

prognosis, 1547 June, 670-674 
resection of, 1S48 Oct , 1I6S 
transplantation of ureters into, 1948: 
Oct . 1200-1219 

Rectovaginal fistula, wire sutures in, 
Iffjr- Dec ,1455 

Rectum, bleeding from, 1^4^ June, 793- 
799 

common causes and their manage- 
ment, 1948- June, 793 
carcinoma See Carcinoma 0 / reeium 
examination, 1949' April, 415-419 
lower, malformations, obstruction in 
newborn due to, 1947' Feb , SI 
lymphogranuloma venereum, opera- 
tive procedure, eelection, 1949’ 
April, 399-40S 

polyps, sigmoidoscopy in, 1^49’ Jane, 
797 

significance, 1947: June, 675-680 
prolapse, 1947- Oct , 1062-1070 
amputation of, 1947. Oct-, 1066 


Rectum, prolapse, De Lonoe operation 
1947' Oct., 1066, 1069 
in infancy and childhood. 191$ 
Aug., 1215-1222 ^ 

Moseneowits procedure, 194? • Oct 
1065,1067 

atn'eturej annufar. from internal 
fistula in ano, J949’ Aug , lllWn? 
tuberculosis, streptomycin in, with 
surgery, I04S' Deo., 1643-1653 
Refrigeration, in wounds of arteries. 

194S- Feb., 161 
Renal. See Kidney. 

Respiration, artificiai, m anesthesia 
necidenta, 1948 Feb., 231 
Respiratory complications in hepato- 
biliary surgery, /W; April, 499 
function, disturbances, after lobec- 
tomy. 154S- Aug., ^ 
tesU, 1949, Dec.. 1673 
hazards in anesthesia, f94fi'Feb.,230 
tract, laboratory tests, 1949: Apni. 
479 

Resuscitation, cardiac, 1949' Dee., 1745 
fetal, 1947: April, 460 
Retrodisplacemcnt of uterus, operative 
treatment, 1948: Dee , I45» 
Retrogasserian neurotomy to aged and 
feeble, 1947: Feb , 129 
Retri^eritoneal lipoma, 1947. Juos, 


tumors, urologic investigation is, 
mSrOet., 1197 

Retropharynpeai abscess, 1943 Ffeb.,90 
Reverdin grafts, 1948 • Feb , 116 
Rh factor in obstetrics, I947' April, 457 
Rheumatoid arthritis, surgery in, 164®’ 
Feb , 87-115 

toe deformities, phalangectomy 
for, 1949: Feb , 275-230 
Rhiaitis, hyperplastic, ebronic, 1948. 
Teb,S7 

Rhinoplasty, 1949' Aug , 1009-1028 
RUnorrhea, cerebrospinal fluid, per- 
sistent, 1949' Oct , 1312 
Rib resections, scoliosis due to, 1949: 
Feb., 213 

IUedel'8 struma, /647- Dec , 1369 
Roentgen burns, skin grafts in, 1949 
Oct , 1560 

diagnosis of cholecystitis and chole- 
lithiasis, 1948: June, 520, 572 
of chronic osteomyelitis, 19^' 
June. 822 ^ ,,, 

of cirrhosis of Hyct, 1548' June, <15 
of colon, leriona, f946' June, 79S 
of esophageal and gastric vances, 
1948' June, 729-732 
of bead injuries, IS49 Dec , Iwu 
of incompetency of valves of fem- 
oral vein, 19^' Dec, 1692 
of intracapsuJarhip fractures, 1943: 

of kidney tumors, 1949: Oct., 0^7 
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Roentgen diagnosis of malignant dis- 
ease of bronchus and esophagus, 
mi: June, 5S2 

of pulmonary coin lesions, 19^8: 
Oct.. 131B 

dilTercntjation of benign and malig- 
nant ulcers, 19^1: April, 273-2S7 
treatment of carcinoma of breast, 
value, fS4S.* Oct., 1353 
of cervix, m8: Dec., 1417 


of thyroid, 1947.* June, 55G 
of uterine body, J94S: Dec., 1433 
Rose bcngal test in jaundice, 1949: 
Aug., 1073 

Rudnick'Vaughan lest, 194S.’ Feb., 211 


Due., iiiuo 

Ryerson’s technic of triple arthrodesis 
for paralytic feet, ]94S; Feb., 270 

Salitart gland, calculus, 1943; Feb , 
66 

mueoepidermoid tumors, 1949* 
Oct , 1327 

swelling about, sialogram in diag- 
nosis, 1947; Oct., 1150-1161 
tumors, 1947; June, SOI ; 1943; Feb., 
65 

Salmonella typhl murium cholangitis, 
streptomycin in, 1947; April, 373- 
379, 

Salpingitis complicating pregnancy, 
1945; Dec., 1512 

gonorrheal, acute, 1945; Dec., 1478 
chronic, 1945; Dec., 14S0 
tubercaloiis, report of esse, 

April, 513-516 

Salpingoij'sis and sulfanilamide im- 
plantation in chronic gonorrheal 
infection. 1945: Dec., 1481 
Salpingo-oopnorectomy, 1945; Dec., 
1462 

Salt deficiency, dehydration due to, 
1949: Oct., 1585 

requirement of surgical patient, 
estimation, 1947; Feb., 217-226 
Saphenofemoral junction, anatomy, 
1945: Feb., 13G 

ligation and distal injection for 
varicose veins, 1948: Feb., 142, 144, 
148; 1949; June, 887 
Saphenous vein, anatomy, 1945; Feb., 
135 

stripping of, with superficiaf fem- 
oral vein interruption in post- 
thrombotic sequelae of lower 
extremity, 1941: Oct., 1171-1177 


Sarcoma botryoidcs vaginae, complete 
excision in infant by combined 
abdominal and perineal approach, 
1947; Oct., 1230-1245 
Ewing’s, 1947; June, 745^^_^ 


Aug., livjy-iiiu 
of uterus, 1947; June, C91-695 
osteogenic, 1947; June, 742; 1949; 
Feb., 133, 135 

Scalenus nnticus syndrome, 1947; Dec., 
1347 

simulation of, 1947; Dec , 1349 
Scalp, tumors, benign, 1945; Feb., 69 
wounds, classification, 1949: Dec., 
1616 

Scars, operative correction, 1949; April, 
^ ,611-621 


Schhller-Christian’s disease, 1947: 
June, 747 

Schwannoma, 1947; June, 556 
Sciatic nerve, injuries, 1949; Aug., 987 
repair, 1945; April, 454 
traumatic paralysis, associated 
with fracture of rim of acetab- 
ulum and dislocation of hip, 
1948: Aug , 973-977 
scoliosis, 1949" Feb., 213 
Sciatica, 1947: Dec., 1354 
conservative treatment, 1948: Oct. 
1233-1246 

Scleroderma, esophagoscopy ia, 1947: 
Oct., 1202 

Scoliosis complicating von Reckling- 
hausen’s neurofibromatosis, 1949* 
Feb , 171 

congenital, 1949: Feb., 207 
due to rib resections, 1949* Feb., 213 
idiopathic, 1949: Feb., 207 
neurological aspects, 1949; Feb., 163- 
187 

paralytic, 1949: Feb , 212 
paraplegia due to, 1949: Feb., 169 
rachitic, 2949: Feb., 211 
Bcintic, 1949; Feb., 213 
treatment, 1949; Feb., 207-214 
Screen, wire, for tissue support, 1947. 
Dec., 1449 

Scrotal support, 1948: Feb., 216 
Sebaceous cysts, 1948: Feb., 69 
Secretin test, value, in surgery, 1949; 
April, 489 

Sedatives, preoperative, in jaundice, 
1945; June, 624 
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Begroental technic of pulmonary resec- 
tion, April, S67 
Semilunar valve cusps, orinn, JPi9: 
Aug . 1217 

Separations, actomioclavicular, 1949: 
June, 905 

Septic abortion, 194^: IJec., 1483 
Serpentjc ulcer of cornea, J949:Veh.,S& 
Serum alkaline phosphatase teat in 
}sundice, I9.J3. Aug., 107-1 
amylase test in jausuicc, J949: Aug , 
1075 

bilirubin test in jaundice, 1949- 
Jupe, 597; Aug , J068 
globulin test in jaunmce, 1919* Aug.. 
1071 

hepatitis, diagnosis, 1947: Aug., 926- 

iautidice, t$4S: June, 696 
lipase test fa jaundice, 1949: Aag , 
1075 

Shock, surgical, and anesthesia, 1949: 
April, 426 

treatment, timing as factor, 19i7‘ 
Oct., U8S-UOO 

Shoulder, amputation in region of, 
1940 • Teb , 233 

dislocation, recurrent, capsular re- 
pair, pathological findings and 
operative technic, l94t: Oct , 
1289-1294 

operations for, {$49: Aug., 998, 

tenosuapension operatioo for, 
1949- Aug , 097-1007 
fibrosiUs, manipulative surgery in, 
1949 Feb , 247 
frozen, {94$ Feb., J53 
manipulative eurgsry in, 194$ 
Feb , 247 

painful, 1947; Dec., 1347} 1949: Feb.. 
145-154 

penartfariiis, 1949; Feb , 162 
tendinitis, 194$ Feb , 147 
tendon rupture, 1949. Feb., 150 
Sialogram in diagnosis of arreHioga 
about salivary glands, 7947* Oct., 
115G-H61 

Sigmoid colon, catcinoma, operative 
treatment, r949- April, 323- 
359, June, 839 

with endoDjetriosia, J947. Oct,, 
1027 

resection of, 1948. Oct , 1167 
volvulus of, 1947' Feb , 70 
Sigmoidoscope, use of, 7949- April, 417 
Sigmoidoscopy, lesions visible with, 
7948 June, 795 

Silver nitrate in epistaris, 194$. Feb., ■ 
84 

wire euturea, 1947. Dec , 1 73S 
Simpson operation for retrodisploee- \ 
ment of uterus, 1948; Dec., 1459 


Siousea, braachial, 7947; June, 491 
JO'Q- R70-SS6 


medium ttueauess,iuuLt,uo,,.T ; 
Dec,, 1468 

pinch, in burns, 7947.* Dee., 1468 
pressure dressings, /9}7.' Dec, 
H71 

split-thickness, m bums, 1947; 
Dec.. 1468 

stamp, m bums, 1947: Vsc., 14W 
“gluing" technics, 194$: Feb., 123 
in buMis, 7947- Dec, 1466-1473; 
1948; Oct., 1305, 1307; 7949, Oct., 

1552 

in chronic leg ulcers, 1949 Oct., 

1553 

to chronic osteomyelitis, 7948 
June, 823 , . 

In decubitus ulcers in paraplegics, 
7949; Oct .1568 

in defects of nose and cheek, 194$ 
Aug.. ICI09-W2S . ^ , 

m Irradiation injuries, 7A49; Oct., 

intermediate split thickness, f94S 
Feb , 116 

isografts, 7948; Feb, 118 
methods and advances in, 794/ 
Dec, 1451-3465 
of cutting, 7948 . Feb,, 120 
pedicle. i947; F®b , D^, . 
for defects of nose and cheet, 
(94S Aug., lOIi-lfS 
postage stamp or nagstone, 194° 
Feb., 115 . . , 

preparation of recipient areas. 

794 s. Feb., 123 
refrigeration of, 7948. Feb., 
Reverdin (pinch or Davisj, fWa- 
Feb, 116 

Bplit-thicknesa, 7949/ Dct > 355J 
Stent. 7948; Feb., 376 
Thiersch, 7948- Feb., M 
Wolfe, 1949: Oct., 1551 
preparalioD, for open reduction lo 
fractures, 7949; Oet , 1526 
tuberculous sinuses a^ 
atreptomycin in, 7948; Dec., 
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Skull, eosioophilic granuloma ol, 

Aug., 1057-1069 

report of 4 cases, aith 5 year 
follow-up, 1948: Aug., 1060 
fetal, measuring, 1943: Dee., 1490 
fractures, 1943: Oct., 1301-1215 
classification, i949: Dec., 1616 
depressed, Oct., 1309, Dec., 

1633 

Smithwick operation for essential hy- 
ertension, e-xtensive thoracolum- 
ar sympathectomy and, compari- 
son of results, April, 290-293 
Sodmm, blood, 1949: April, 478 
chloride soluticxn, preoperativ'c use, 
in jaundice. 194S: Juno, 023 
deficits in uchydration, measure- 
ment, 1949: Dec., 1853 
radioactive, in peripheral vascular 
disease studies, 1948: April, 301-323 
Spasm, prepyloric, habitual, 

June, 777-7S3 

Spermatocele, 1943: Feb., 219 
Spinal anesthesia, anatomical and me- 
chanical factors, 1049: Juno, 92t 
continuous, tcchnie, June, 933 
ureteral catheter tcchnic, t94T' 
Deo., 15CC 

curare with, 1948: June, S34 
difterential, 1947: Dee., 1567 
factors influencing height of anes- 
thesia, 1949: June, 925 
in upper abdominal surgery, 1948: 
June, 835 

management of patient, 1949; June, 
936 

modification of solution, 1943: 
June, 834 

pressor drugs in, 1947: Dec., 1567 
recent advances, 1947: Dec., 1566 
solution for, 1949‘ June, 929 
technic, 1949: June, 923-940 
therapeutic uses, 1947: Dec , 156S 
cord, lesions, differential diagnosis, 
1949; April, 521-637 
vesical dysfunction in, trans- 
urethral resection for, 1947: 
Aug., 950-977 

meningiomas and neurofibromas, 
clinical features and end results, 
1949: June, 659-665 
tumors, abdominal pain in, 1948: 
Oct., 1189 

extramedullary, 1947: June, 536- 
553 

primary, multiple, 1949: Aug., 
1223-1231 

Spine, arthritis, abdominal pain in, 
1948: Oct., 1183 

hypertrophic, as cause of chronic 
backacne, 1948: Oct., 1238 
deformities, neurological aspects, 
1949: Feb., 163-187 


Spine, fractures, compression, compli- 
cated by injury to spinal cord, 
lafS- Feb., ISIV-IW 
in elderly people, 1949: l?eb.. 
195-205 

fusion aa form of bone erait, 1949: 
Fbb., 85 

p>*ogctue infections, neurological as- 
pects, 1949. Feb., 160 
tumors, spinal deformities in. 1949; 
Feb , 173 


Splanchniccctom'v for hj*pertension, 
1943- Dee., 1703 

Spleen, diseases, indieationa for sple- 
nectomy in, 1947: June, GIG 
sutgital aspects, 1943 Oct , 1435- 
1^3 

sjTnposium on, /flJS* June, 559 
enlargement, urologic investigation 
in, 1943: Oct.. 1197 
functions, 1949.* Oct., 1435 
perforations, treatment, 1949: April, 
412 

rupture, splenectomy for, 1949: April, 
371 

states in which indications for 
splenectomy arc not always 
clear, 194$: June, 565 
in which splenectomy is indicated, 
1949' Juno, 561 

surgery of, present concepts, 1949: 
April. 369-3S2 

surgical conditions, 194$: June, 559- 
568 

Splcnectoo\>|; and splenorenal anasto- 
mosis with preservation of kidney 
In portal bj'pcrtension, 1947; Oct , 
1162 

contraindications, 1949 Oct., 1440 
included in total gastrectomy, 1948 
June. 562 

indications, 1947; June, 016-62Q; 1948' 
June, 661; 1949: April, 370, June, 
739, Oct., 1436 

technic, 1949; 739-745, Oct., 1441 

Splenic vein, thrombosis or anomalous 
obstruction, splenectomy for, 1949 
Oct,, 1439 

Splenomegaly, congestive, splenectomy 
for, 1947: June, 619; 1949; April, 377 

Splints, hand, universal, 1948: Feb., 
23; 1949; Feb., 17 
ureteral, 1947- Oct , 1312-1320 
use, following surgery of hand, 1948- 
Feb , 11 

Spondylitis, tuberculous, neurological 
aspects, 1949; Feb , 167 

Spondylolisthesis as cause of chronic 
backache, 1948; Oot., 1241 



Stadftt spUat io. ttictwcee <j{ css estsis, 
J947: Dec., ISIS 

Stajolesa stee! cramopJaaty, i9(7: 
Dec., 1450 

wire screen or cloth, 1947.' Dee , 
H49 

sutures, J94T: Dec., 1439 
directions for use, 1947! Dec., 
1440 

fate of, JS4T: Dec., 1448 
in accident services, 

Dec., 1450 

various uses, 1947.' Dec., 1451 
Stenosis, pulmonary, surgical treat- 
ment, 1549.’ June, 709, 713, 714 
pylonc, following ingestion of cor- 
rosive substance, 194S. Aug., 1041- 
105Q 

Stent grafts, 194S Feb-, II6 
Sxilbestrol in menopause, 1947: Aug., 


jjea , Kuu 

acidity, eignificaiice in surgical 
therapy of peptic ulcer, 194?. 
April, 25S2W 


1203 

lymph nodes, 1949: June, 760 
mucosa, prolapse of, massive hemor- 
rhage due to, 1949: April, 320 
resection for duodenal ulcer, 1047: 
Aug, 913 

subtotal, Billroth I operation and 
Its modifications, 1949. Oct., 
1361 

Billroth II operation and its 
modifications, 194®- Oct., 1^72 
for peptic ulcer, 1949: June, T®?*- 
777 

total. 1949- June, 747-765 
aarcoma, difierential diagnosis, 1040; 

Aug , 1103-1113 
eecretion, 1949. Dec., 1764 
in duodenal ulcer, 1947 ■ Aug., 908 
normal, 1947 Aug., 905 
surgery, nneslheaia for, J947; April, 
261-264 


cancer coexisting with, !6i7: Aonl 
209-307 

ehionw, malignant degeneration, 
1947: Apni, 289-238 
uncomplicated, medical versus 
surgical treatment, 1947. Apnl 
295 

duodena! ulcer and, are they dif. 
ferent diseases?, 1947: Annl. 
265-271 

gastrectomy, subtotal, IS49 June, 
7C7-777 

high, rational approach to, 1947: 
April. 231-240 

aurgical treatment, /94S’ Oct., 1124 
varices, IB4S: June, 723-732 
Stones See Calculi. 

Stool exsmination, 1949: April, 481 
Straddle Iniunes of urethra, 1948; Feb , 
212 

Strafna, of back, 1948: Oct,, 1236 
of neck, 1948: Feb , 69 
Strangulation obstruction of intestine 
1$49- Dec., 17S3 

Strapping of back in spina} fracture, 
m9 Feb., 200 

Strawberry nerves, 1948; Feb., 72 
Strength frequency curve Ici peripherai 
nerve lenoos. Oct , IdbO 
Streptomycin as urinary antisepbc, 
1948: Oct., 1358 

bacteria susceptible to, /®4®' April, 
432 

)D appendiceal peritonitis, 1949. 
Oct , 1395 

in decortication in tuberculosis, 
1948: Dec., 1591-1600, 1601-1611 
in odontogenic infections of ja«s, 
1947: Oct., 132! 

in orthopedic tuberculoiis. 1948 ‘ 
Dec, 1659-1662 

in preparation of poor risk tubercu- 
lous patients for surgery, 1948' 
Dec., 1579-1589 

in resection for pulmonary tubercu- 
loris, mS: Dec., 1519-1512, 1543- 
lS5t 

InSateoncJJa typhi murium cholangi- 
tis, 1947: April, 373-379 
in surgery of tuberculosis, symposium 
on, 1948- Dec , 1519 , , 

in surgical infections, 1949: Apni, 

in thoracoplasty for 

1948: Dec, 1555-1569, 1561- 

in poor risk patient, f®43' 
1571-1578 
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Streptomycin in tuberculosis, t949: 
April, 442 

of bone, I94S* Dec., 1822 
in tuberculous abscesses and sinuses, 
mS: Dec., 1613-1625, 1627-1637 
in urinary and KCnitnl tuberculosis, 
mS: Dec., 1636-1&42 
local injections, 19^9. April, 438 
suifamylon and, in lar^e bon’d aur- 
gery, 1949: April, 440 
toxic reactions, 1949: April, 434 
in patients with pulmonary tu- 
berculosis having thoracic sur- 
gery, 1948: Dec., I663-IC65 
with surgery in anorectal tuberculo- 
sis, 1048- Dec., 1643-1653 
Strictures of common duct, repair of, 
1949: June, 812 
of esophagus, 1949. June, 694 
benign, esophagoscopy in, 1947: 
Oct., 1200 

of urethra, 194S: Feb , 211 
of urethral meatus, I94S: Feb., 211 
Stye, 1948: Feb., -*7 ^ ^ . 


management, 194S' June, 6S5m92 
Subdural abscess, acute, 1948: Oct., 
1280-1297 

hematoma, 1949: Oct., 1311, Dec., 
1624, 1631 

hygroma, 1949 Oct., 1312 
Subfascial infection, digital, 1948: 

Feb,, 33 b , 

Submaxillary gland area, tumors of, 
1947: June, 501-510 


Subungual abscess, 1948: Feb., 31 
lesions of toenail, 1948: Feb , 197 
Suction drainage, fluid requirements 

J ,Oiy.Vn\, oox 


Sulfadiazine in acute hematogenous 
osteomyelitis, 1947: Feb., 193 


Oct., 

in pelvic inflammatory disease; 1947: 
Aug., 868 

ID prostatic obstruction, preopera* 
tive, 1948: Oct., 135S 


Sulfonamides, in surgical infections 
1949: April, 431-447 
intraperitoneal use, 1947: Feb., 103 
Sulfuric acid, ingestion of, pyloric 
stenosis following, 19^: Aug. 

. 1941-1056 

Supracondylar fractures of elbow, seg- 
mental arterial spasm associated 
with, 1948: April, 467-472 
Supra-oroital flaps in repair of trau- 
matic defects of nose and check, 
1949: Aug., 1014, 1016, 1021, 1023 
Suprarenal. See Adrenal. 

Surgery, clinical advances in, sjun- 
posium on, 1947: Feb., I 
elective, in aged, 7948: Oct , 1341- 
1350 

minor, B>'mposium on, f94S: Feb., 1 
modern trends in, sj'mposium on, 
1947: Dec., 1343 

recent advances, sj’mposium on, 1949: 
Oct., 12S3 

Surgical approaches to bones and 
joints, 7949.’ Feb., 65-76 
infections, chemotherapy, 7949; 
April, 43M47 

patients, cardiac problems in, 7949; 
Dec., 1755-1762 

water andsaltrcoulremcnt, estima- 
tion, 7947; Feb , 217-220 
physiology, recent advances, sym- 
posium on, 1949' Dec., 1613 
sj'mposium on, 7948* Aug., 851 
Suture materials and their use, 7949; 
Oct., 1565-1570 

practice at Tulane, outline of, 7949; 
Oct., 1607 

repair of severed arteries, 1948: 
April, 378, 386 , 387 


Sympathectomy in acute arterial in- 
juries, 7949’ Oct., 1519 
in hypertension, 7947; Feb., 147: 7949; 
Dec., 1703 

phj’siologic effects, 7949; Dec., 1707 
selection of patients, 7949; Dec., 
1710 

iQ peripheral vascular disease, 1947: 
Feb., 139; 7948; April, 294-303; 
1949: Dec., 16S6 

lumbar, for congenital mecacolon, 
7948; Aug., 891 
indications for, 7949; June, 667 
technic, 7949; June, 667-671 
thoracolumbar, for hj^jertension, 
7947; Oct., 1178-1187 ; 7949: 
Dec., 1705 



mi 
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SjTDpathectomy, tboracoJumbar, for 
hypertension, classical S^th' 
wick operation and, eompari- 
60Q of results, April, 

200-203 

paravertebral approach. J947: 
Oct . JJSO 

transpleural, 1947: Oct., 1183 
Sympathetlo nerve blocka ie study of 
intractable pain and eireula> 
tory disorders, 1947: Oct., 1263- 
1280 

uses of, J947: Deo , 1569 
paralysis, permanent, production of, 
1949 Dec , 1689 
Syndactylism, 1948 Feb , 201 
Synovectomy for chronic arthnlis, 
1949.' Feb.. 93. Oi 

Synovial chondromatosis and osteo- 
chondromatosis, Feb., 89 

Syoovrfis, nffonodufar. pigmeated, 
1949 Feb , 89 

Syntropan in congenital ipegacoion, 
Aug., m 

Syphilis of bone, 1947: dun®, 747 
of cervit, 194S Deo . 1412 
SyringoreyeUa, spinal deformity to, 
1949 Feb, ITS 

Tabes dorsalis, abdominal pain in, 
/F48 Oet., 1183 

Tailor's bunion, I9i8. Feb , 202 
Takata-Ara test in lauooice, 1949. 
Aug., 1071 

Talus lice Asiragalua. 

Tamponade, cardiac, 1949: Dec., 1740 
Tampons, postnasal sod tatranasal, 
1948: Feb , 84 

Tantalum eranioplasty, l9iT: Dec , 
U50 

foil in neurosurgery, 1947: Deo., 1450 
mre sutures, 1947 Deo., 3433 
Tear gas, eye injuries from, 1 W.' Feb , 
54 

Tecbnic, surgical, symposium on, 1949- 
June, 631 

Teraporai flap in repair of traumatie 
aefeets of nose and cheek. 1949: 
Aug , 1020 

TemporofronJalfiapinrepair of defects 
of nose and cheek, 1949 Aug , 1021 
Tendinitis of shoulder, 1949: Feo., J47 ; 
Tendons of hand, acvered, reparative 
surgery, 1947 Deo , 1474-1485; 
S9\8. Feb, 6 

repair, primar>', 1948’ Oct., 1323-1340 
rupture, in shoufde^ 1949 Feb., J50 
Tennis elbow, 194$. Feb., 186 
Ten^Iastic amputation at ha^e,1949: 
F%b , 229 

Tenoauspension operation far recurrent 
dislocation of shoulder, t949' Aiic , 
907-1007 

Teurwynovitis, acute, IBiS; Teb., 37 


Tenovaginiiia, stenosing, over radial 
styloid, 1948: June, 817-820 
Tentorial herniations, 19^. Oct 1313 
Teratoma of mediastinuta, f94T; June 
596 ' ' 

Teotis, biopsy, 194S: Feb., 219 

221 * 

ic|siamatory conditions, Feb , 

injuries, I94S: Feb , 216 
methods of &wng in scrotum. l9iT 
Dec.. 1545 

toruon, 194$ Feb,, 217 
UBdescended, 1947: Dec., 1641-1519 
hormonal treatment, 1947. Deo 
1542 

malignant disease in, 1947: June, 
709-713 

operative treatment, 1947: Dec , 
1914 

Testoaterane m carcinoma of breast, 
1949: Dec,, 1665 

Tetraetbylummonium bromide block, 
1947. Deo . 1669 

chloride, id vasospasm of venous 
thrombosis. 1948 April, 334 
Tetralogy of Fallot, surgical trsatmest 
1948- April, 361, 1949 June. 709, 
713, 714 

Tbeea-cell tumor of ovary, 1947’ Aug , 
839 

Thenar space abscess, 1948' Feb,, 86 
Thiersch grafts, Feb , 114 
Thigh amputations, 1949' Feb., 229 
Thiocyanates, goitrogenic effects, WJJ 
Deo., 1650 

TbiouraciJ, goitrogenio action, IW 
Dec., 1650 

in hyperthyroidism, 1947- Dec., 1364; 
fPfS- Oct., 1330 
'Hioracic. See also Chatt. 
cbordotoiny for relief of pain, 1947 
Oct. 1254 

lube flap for facial reconstruction, 
Aug., 1027 

Thoracolumbar sympathectomy for hy- 
pertcBBion, IH7: Oct., U7W157, 
1949 Deo . 1705 

TbofacopJftsty tor pulmosary tuberru- 
( obis , 1947: Dec.. 138S, 

April, «4, 552 
use of streptomycin in, 194S: 

Deo., 1555-1559. 1561-15^0 
in poor risk patient, 1948. 

Dec., 1571-1578 

Moniddi drainage with, 1947' Dec, 
1393 , „ 

(nuscie-apiittiog. Jerome Ifraa* 
technic, 1947' Dee , 1399 
types, ld(9' Apnl, 663 
Tboraeotomy, erploratory, In carci 
Doma of bronchus and csopnagu* 
1947- June, 5S6 
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foot pain in, 19^8: Aug., 10S3 
sympathectomy for, 19^7: Feb., 145 
physiologj'j 18^9: Dec., 10S6 
Thrombocytopenic purpura, splenec- 
tomy for, 1947: June, 618; JO^S: 
June, 565; 1949: Oct., 1430 
Thrombophlebitis, deep, secondary 
changes, treatment, 1947: Oct., 
1171-1177 

in obstetrics and 1948: 

Dec., 1466-1470 

postoperative, 1947: Oct , 1037 
surgical management, 7345; April, 
341-352 

Thrombosis, arterial, 1948: Feb., IGO 
surgical phi-siology, J349‘ Dec., 
1685 

venous, anticoagulant therapy, 1948: 
April, 325, 331, 349 
ambulatory, 1948: April, 337 
surgical measures in patients 
receiving, 1048: April, 336 
follon-ing gallbladder surgery, 1948: 
April, W7 

in obstetrics and gjmecology, 1948: 
Dec., 1469-1470 
prevention, 1948: Dec., 1470 
treatment, /345; Dec., 1475 
ligation of femoral vein in, 1948: 
April, 335, 318, 350 

.... . .. .... 


predisposing factors, 1948: April, 
342 

prophylaxis, 1948: April, 346 
surgical management, J948: April, 
341-352 

Symptoms, 1948: April, 345 
therapy and prophylaxis, 1947: 
Oct., 1037-1051 

vasospasm in, management, 1948: 
April, 334 

Thumb, amputation, 1949: Feb., 232 
Thymol Bocculation test in liver 
disease, 1948' June, 697 
turbidity test in liver disease, 1948: 
June, 596 

Thymoma, 1947: June, 573 
malignant, 1947: June, 573 
Thymus in infancy, 1947: June, 574 
tumors of, 1947: June, 669-576 
Thyroglossal duct cysts and fistulas, 
1947: June, 4S8; 1948: Feb., 


Thyroid gland activity, factors in 
flucncing, 1949; Dec., 16-17 
tools for measuring, 1949: Dec. 
1645 

carcinoma, 1947: June, 561, 663, 
Dec., 1371 

and exophthalmic goiter, asso- 
ciation of, 1948: Aug., 935-952 
radical neck dissection in, 7949; 
June, 031-6-10 

surgery of, anesthesia for, 7947; 
June, 510 

modern trends, 1947: Dec., 1364- 
1372 

surgical physiology of, 7945; Dec., 
1641-1656 

tissue, aberrant, lateral, 7947: June, 
493, 493 

tumors of neck, 7948; Feb , 64 

‘ ' - I . . • technic. 


preoperative preparation, thiouracil 
in, 1047: Dec , 1364 
treatment, present status, 7949; 
Oct., 1320-1339 

Thyroxine, action, on body tissues 
1949: Dec., 1612 

goitrogenic action, 1949' Dec., 1651 
Tibia, condyle, latoraj, fractures, sur- 
gical treatment, 7949; June, 893-903 
fractures, open reduction and in- 
ternal fixation, 7949; Oct , 152^ 
1531 

shaft, defects, repair of, 7949: Aug., 
1181 

spine, avulsion fracture, fixation 
with beef-bone screw, 7949; 
Aug, 1029-1033 

fractures, in children, 7949: Feb., 
293 ^ 


lOI 

horn formation, 1948: Feb., 197 
ingrown, 1948' Feb., 196 
subungual lesions, 7945; Feb., 197 
Toes, affections of, 7948; Feb., 198, 200, 
202 

amputation, 7949; Feb., 226 
deformities, phalangectomy for, 7949 . 
Feb., 275-2S0 

Tomography in carcinoma of bronchus 
1947 .' June, 588 

Tongue, carcinoma, surgical treatment, 
indications, 1949: Oct., 1321 
glandular tumors of, 1948: Aug., 1087 
Tonsillectomy, anesthesia for, /947- 
June. 521 
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Torsion of gallbladder, diagnosis, IS4S. 
June, 574 

of spleen, splenectomy for, J948. 
June, 661 

of teslia, I9i3- Feb , 217 
Tourniquet test for varicose veins, 
ms- Pebj 139 

Toxemia in intestinal obstrueUon, 
m9 Dec , 17Si 

Trachea, foreign bodies in, 1943 Feb , 
179 

Tracheal suction, transnosai, trans- 
glottic, technic, J947 Dec , 1380 
Trachelectomy, 194S- Dec , H(fe 
Tracheobronchial aapiratioo, I94T. 
Dec , 1379 

Tracheo esophageal fistula, JSi9- Oct , 
1539, Dec . 1763 
Tiacbeotomy, 19^7 Dec , 1331 
anesthesia for, 1947: June, 625, 526 
Traction in chronic arthritis, 1949 
Feb . 00, 91 

Tractotomy, spinothalamic, for relief 
of pain, bulbar, 1947: Oct , 1257 
tnescncephalie, 1947- Oct. 1257 
trigeminal, bulbar, for relief of pain, 
1947 Oct , 12S8 

Transabdominal repair of esophageal 
hiatus hernia, I847' Feb., 109-116 
Transfixion pins \n. fractures of leg, 
1949 Feb , 10 

Transfusions as factor m overcoming 
lafections, 1949 Dec , 1832 
in burns, i84S Oct., 1303 
indications, 1949 Dec , 1830 
istra-artcnai, in profuse hemorrhage, 
1949 Dec , 1739 

reactions to, during operation, 1949: 

Aug , 1120-1135 
value of, 1949 Dec . 3829-1834 
Tranaplaatatioa of ureters into recto- 
sigmoid and cystectoray, l94S- 
Oct , 1209-1219 

Transthoracic thoracolumbar sympa- 
thectomy for hypertension, 1947' 
Oct . 1183 

Transurethral prostatic resection, 1947. 
Dec , 1530. 1349- Oct , 1507 
transplantation of ureters after, 
1943 Oct ,1213 

resection in treatment of vesical 
dysfunction secondary to lemons ■ 
of spinal cord, 1947 Aug , 950-977 
Trauma 6ee Injuries i 

Traumatic defects of nose and cheoli, ' 
lff49- Aug , 1009-I02S 
EUrget-y, syraposium on, 1949- AUK , 
973 ■ 

Trendelenburg test for varicose veins, 
1948- Feb , 140, 141 
in postthrombotic patiettt, 1947: ; 
Oct . 1172 

Trichloracetic acid ia epistaas, 1949: ; 
Feb , 84 ] 


Tnehotnonas vaginalis yagiaitis, /Sir 
_ Aug., 852 . ti. 

Trigeminal neuralgia, relief in seed 
and feeble, 1947: Feb , 129-337 
tractotomy, bulbar, for relief of 
pain, 1947: Oct., 1258 
Trochanter, greater, fracture, aseptic 
necrosis of bead of feniur followine 
mS: Aug , 1O2W0S0 
Trochanteric fractures of femur, treat- 
Tiient by internal fixation, medicsl 
risk in, 1948- Oct., 1371-3379 
Trousseau’s sign, 1941: Oct , 1037 
Tmneus arteriosus, pereUtent, anoma- 
lies associated with, 194$' 
Aug . 12C9 

classification according to ana- 
tomic tyiws, 1949. Aug , 1215- 
1270 

diagnosis, pathol ogic, 1949 • Aug. 
1250 

embryoJogic considerations, 1948 
Aug , 1246 

T-tube, long, use. In surgery of biliary 
tract, 1948: June, 659-668 
Tuberculous, anorectal, streptomyeia 
in, with surgery, 194S. Dec , 1543- 
1658 

diaphyseal, 1947: June, 74$ 
genital, sUeptomycln in, 4548. Dec 
1639-1642 

of bone, Btreptomycin in, IB43' 
Dec , 1822 

of cervix. }9',8- Deo , 14U 
orthopedic, atreptomyeiit >», 1948 
Dec., 1659-3CC2 
pulmonary, 1947: Dec., 1S$5 
bronchoscopy in, 1947: Oct , 1193, 
19^: April, SoS 

collapse tuerapy, 1947: Dec ,1388 
decortication in, 1948- Dec , 1691- 
1611; 1949- April, 552, 557 _ 
of unexpaaded langfollowiBg in- 
duced pneumothorax, 1948 

Dec, 1591-1600 

diaphragmatic paralysis is, 1949- 
April, 543, 560 

drainage operations, 1947: Dec,, 
J392; 1949: April, 551, K9 
extrapleural operations, 1949: 

April, 547. 560 ^ , 

pnciiTnothoiax for, 194$: Apni, 
542. 560 

pregnanov complicating, manage- 
ment, 49471 Apnl, 461-4W 
preoporstive preparation, in poor 
risk patients, use of streptomy- 
cin in, 4348- Dec , W79 
resection for, 1947. Dee., 139 , 
194$' Apnl, 549, 561 
Begmental, 1949. April, _567 
use of atreptomycm ID. 

Dec., JS59-1M2, 1543-1554 
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Tuberculosis, pulmonarj', surgery of, 


thoracoplasty' for, 1949: April, 
M4, 662 

types, 1949. April, 563 
use of streptomycin in, 194S: 
Dec., 165^1550, 1561-1570 
in poor nsk patient, 1949: 
Dec., 1571-1578 

streptomycin in, 1945' April, 4-13 
surgery of, streptomycin in, sym- 
posium on, 1948 . Dec., 1519 
urinary, streptomycin in, /949' Dec., 
1639ylW2 


t>oi, Obo 

epididymitis, i94B‘ Feb., 218 
intraapinal granuloma, neurological 
aspects, 1949 . Feb., IGO 
lymphadenitis, 1949: Feb., 61 
salpingitis, report of case, 1949: 
April, 513-516 


imcns, 

1949.' 

Tumors, Brenner, 1947: Aug , 847 
Ewing, 1949- Feb , 133, 135 
of adrenal gland, urographic findings 
in, 1948: Aug., 1071-1078 
sympathetic, i947: June, 605 
of bone, 1947: June, 742, 1949: Feb , 
133-143 

malignant, preoperative manage- 
ment, /947; June, 729-736 
of brain, metastatic, 1948: June, 805- 
810 

of breast, benign, 1948: Feb., 95-112 
of bronchus and esophagus, malig- 
nant, diagnosis, 1947: June, 5S2- 
5S6 

bronchoscopy in, 1947; Oct., 1194 
of carotid body, 1947: June, 494 
of Cauda equina, 1947; June, 518 
of esophagus, esophagoscopy in. 
1947: Oct., 1200 
primary, 1947: June, 587-591 
surgical treatment, 1949; June, 695 
of gallbladder, 1948: June, 659-672 
diagnosis, 1948: June, 673, 574 
of head and neck area, superficial, 
1948: Feb . 69-81 

of humerus, malignant, primary, 
treatment, 1947: June, 717-72S 


Tti^ora» of kidney, classification, 1949. 
Oct., 1494 

symptoms, 1949; Oct., 1483 
of liver, intrathoracic extension, 
1948: June, 679-683 
of lung, diagnosis and treatment, 
1947: June, 592-595 
of mediastinum, benign, 1947; June, 
696-694 

of mesentery, 1947; June, 666-669 
of nasopharynx, malignant, 1947: 
June, 577-581 

of neck, 1947; June, 486-500; 1943: 
Feb., 63 

multiple, 1947: June, 496 
radical neck dissection in, 1949; 
JunCj 631-540 


functioning, 1947; Aug., 837-847 
of parathyroid, 1947; June, 477-4S5 
of penis, 1947; June, 714 
of peripheral nerves, 1947; June, 554- 
560 

of pharymx, 1949- Feb , 93 
of pituitary gland, 1947: June, 539- 
534 

of small intestine, 1947; June, 544-550 
malipant. 1945; Oct, 1149-1157 
of spinal cord, abdominal pain in, 
1948: Oct , 1189 
diagnosis, 1949: April, 533 
extramedullary, 1947; June, 535- 
553 

primary, multiple, 1949; Aug., 
1223-1231 

of spine, spinal deformities in, 1949: 
Feb., 169. 172 

of spleen, splenectomy for, 1948; 
June, 562 

of stomach, gastroscopy in, 1947: 
Oct., 1207 

of suhmaxillary and parotid gland 
area, 1947; June, 501-516 
of thymus, 1947; June, 569-576 
retroperitoneal, urologic investiga- 
tion in, 1948: Oct,, 1197 
eymposium on, 1947: June, 477 
Ttioicft vaginalis hydrocele, 1948; Feb., 


XjrxTER, decubitus. See Decubitus ulcer. 
duodenal. See Duodenal ulcer, and 
Peplic ulcer. 

esophageal, esophagoscopy in, 1947 
Oct., 1201 

gastric. See Stomach, ulcer, ' 
Peptic ulrer. 
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leg, chronic, akin grafta in. jBia- 
Oct., 1553 

peptic See Peptic ulcer, 
eerpcntic, of cornea, 1948: Feb 55 
varicose, J947: Dec., I555-16CO; 1048- 
Feb, J3I-153 

UJceratJons. chronic, vaaoapaam of, 
aympathcctomy for, I 647 : Feb 
145 

Ulcerative colitia. See Celt/ra,a7eeraiire. 
Ulna, fractures, in children, 1949: Feb 
295 ' 

ehaftj^ defects, repair of, 1849' Aug , 

Ulnar nerve, iniuries, J949: Aug., 9S6 
regeneration in, 1947: Oct , 1052- 
1061 

repair, 194S: April, 453 
Ultraviolet light, eye injuries from. 
1948: Feb., 55 

Umbilical discharge due to ^feckcl’8 
diverticulum, 1948: Oct., 1221 
Uncinariasis^ 1949 April, 431 


Ureterostomy, cutaneous, with total 
cystectomy, 1947: June, 702 
Ureters, endometriosis, pregnancy ac- 
companying, 1949- April, 588 
eplints. 1947: Oct . 1312-1320 
transplantation into rectosigmoid 
and cystectomy, 1948: Ocl , 120!>- 
1219 

tuberculosis, streptomycin in, 1943: 
Dec., IfrlO 

Urethra, foreign bodies in, J94S: Feb., 
213 

inj'uries, 1943: Feb., 212 

stones, 1948: Feb., 213 

stricture, 1948: Feb., 211 
Urethral meatus, s'tricture, 1948: Feb., 
211 

Urethritis, gonorrheal, acute, in 
women, 1948: Dec., 1478 
chronic, in women, J948. Dee., 
1479 

Uric acid in blood, 1949" April, 477 
Urinary diversion in total cystectomy, 
1947: June, 702 


tests, 1949: April, 485 
tuberculosis, streptomycin in. 1948: 
Dec.. 1639-1642 


Urine, analysis, 1949: Apnl, 485 
bilirubin test, in liver disease, 1918 
June, 59S 

examination, in kidney tumors. I9i9‘ 
Oct, 1485 


tumor cells in, diagnostic significance, 
1949- April, 513 

Urobilinogen test in jaundice, 1918 
June, 598; 1949- Aug , 106S 

Urography in kidney tumors, 1949- 
Oct., 1490 

in tumor of suprarenal gland, /SfS- 
Aug, 1071-1078 

Urologic investigation of abdominal 
masses, 1948: Oct., 1193-1208 
surgery, curare in, 1949- Oct , 1575 
minor, 1943' Feb., 206 

Urolropin See Melhenarntne. 

Uterus, carcinoma See Carctnamo 0 / 
uferus. 

«rvlx. See Cerctr uteri 


fibroids, capsular vein, rupture, 1947: 
Aug. S16 


hysterectomy for, subtotal, 1947: 
Aug, ?60 

total, technic, 1947' Aug , 790 
prolapsed, 1947 Aug., 817 
treatment, 1943 Dec., 1445-1456 
inversion, /W* Apnl, 599-610 
treatment, 1949- April, 601 
prolapse, hysterectomy for, vaginal, 
i947' Aug, 800 

Le Fort procedure, 1947: Aug , 800 
Manchester operation, 1947: Aug , 
801; 1948' Dec, 1463, 1465, 
1949' June, 851 

total colpoclcisis for, 1949' June, 
859 

treatment, 1949' June, 847-S60 
vaginal hysterectomy for, 1949. 

June, 855 A . . . t 

vaginal repair with abdominal 
suspension, 1949' June, 849 
Watkins-Wertheim interposition 

operation, 1947: Aug., 8CX), 1949' 
June, 854 ... 

retrodisplacement, operative treat- 
ment, 1943: Dec , 1458 
sarcoma, 1947: June, 691-695 
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Vauina, double, surgical treatment, 
mi: Aug., SOS 

sarcoma botrj’oides, complete exci- 
sion in infant by combined ab- 
dominal and perineal approach, 
mi: Oct., 1210 

Vaginal emergencies, treatment, mf: 
Aug., 817 

hernia, posterior, 19^1: Oct., 1226- 
1230 

hysterectomy for prolapse of uterus, 
1945.' June, 855 

selection of patients, m^: Aug., 
790-806 

technic, 19^1: Aug., 802 
smear in diagnosis of uterine carci- 
noma mi: Oct., 1215-1217; 19^9: 
April, 515 

' . • 53 


5 -. 

Vagotomy for duodenal ulcer, 19^1: 
Aug , 915 

comparison of results with other 
methods, 19iS: Oct., 1126 
for peptic ulcer, mi: Oct., 1071, 
1079, Dec., 1406-1415, 19^ 
Oct , 1130 


WO, Dec., 1409' 

supradiaphragmatic, in gastrojejunal 
ulceration following subtotal 
gastrectomy for duodenal ulcer, 
mi: April, 249-253 
Van den Bergh test in jaundice, m^: 
Aug., 1008 

Varices, esophageal and gastric, 19^8: 
June, 729-732 

esophagoscopy in, 1547; Oct., 1201 
hemorrhage from, 19^7: Oct., 1162; 
19I^9: April, 317 
Varicocele, m8: Feb., 220 
Varicose ulcers, 19il: Dec., 1555-1560; 
1948: Dec., 134-163 
reins, combined saphenofemoral li- 
gation and distal injection, 1948: 
Feb., 142, 144, 148 
complicating pregnancy, 7945.’ Dec., 
1517 


145 , 150 

of lower e.xtremity, management, 
1949: June, 887-S92 
treatment, phj'siologjc aspects, 
1949: Dec., 1691 


Varicosis, phlebectomy for, 1948: April, 
545-550 

Vas deferens, ligation, 1948: Feb., 220 
Vascular disease, peripheral, studies 
of, radioactive sodium in, 
mS: April, 304-323 
surgery in, 1048: April, 294-303 
surgical physiology, 1949: Dec., 
1683-1697 

sjTnpathectomy in, 1947: Feb., 
139-152 

grafts. 1949: Oct., 1617 
“ring’^ anomalies, surgical treatment, 
April, 360 

sundry, symposium on, 1948: April, 
279 

Vasoconstrictor fibers, procaine block 
of, 1941: Oct., 1275 

Vasodilatation, temporarj-, methods 
of inducing, 1948: Dec., 1689 
Vasomotor disorders, posttraumatic 
1949: Dec., 1688 

Vasopasm in anterior poliomyelitis, 
sympathectomy for, 1941: Feb., 144 
in chronic ulcerations or localized 
gangrene, sympathectomy for, 
mi: Feb , 145 

in venous thrombosis, management 
194S: April, 334 

Vasospastic conditions, sympathec- 
tomy for, physiology, 1949: Dec., 

less 

Veins, varicose, of lower extremity, 
management, 1949: Juno, 887-892 
Venous clotting, surgical management, 
mS: April, 341-352 
ligation in pulmonary embolism, 
1947: Oct., IWO, 1647, 1048 
pressures in superficial femoral vein, 
method, 1947: Oct., 1173, 1174 
thrombosis See Thrombosis. 
Ventilation, pulmonary, disturbances 
after lobectomy, 1948: Aug , 871, 
874 

Ventral hernia, repair, 1949: June, 
787-793 

Ventricular fibrillation, management, 
1949‘ Dec., 1749 

Verruca vulgaris, 1948: Feb., 71 

le to, 
Oct , 

Vesicovaginal fistula, transplantation 
of ureters in, 4948: Oct , 1213 
wire sutures in, 1947: Dee., 1455 
Virchow’s glands, 1947: June, 496 
Visceral pain, paravertebral block in 
study of, 1947: Oct., 1266 
Visual field studies in neurosurgery, 
mS: April, 432-437 
Vitallium tube, nonsuture technic, for 
severed arteries, 1947: Oct., lOSS; 
1943: April, 379, 3S4, 3S6 
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INDEX TO vohVUES 27, 28 AND 29 (1947-1949) 


Vitamin K, use of, in bepato-biUary 
surgery, 194S. April, 500 
therapy, preoperative, in jaundice, 
2943- June, 621 

Vitamins, goitrogemc action, t949‘ 
Dec , 1651 

Vocal cord paralysis in thyroid surgery, 
2947; June, 525 

Volvulus, 2947. Feb , 85 
of cecum, 294S' Aug., 953-963 
sigmoid, 1947' Feb , 70 
reduction of, 1949 Oct, 1418 

Von llaberer’s technic of Bilbroth 
I operation, 1949 Oct., 1366-1374 

Von Hecklinghausen’s disease, neuro* 
hbromatous changes, 2947' June, 
556 

spinal deformity due to, 2949 ; 
Feb , 171 

Walking iron stirrnps m fractures of 
leg, 2949. Feb., U 

Wangensteen's modified aseptic de- 
compressive suction enterotomy, 
torn Oct . 1403. HiM 

• • < H.,.4 


Warts, 194S- Teb., 71 
plantar, J94S' Feb , 203, Aug., 1083 
venereal, 0 / penis, 2947' June, 714 
Water, interstitial, measurement, 2949 
Dec , 1852 

requirement of surgical patient, 
estimation, 2947. feb , 217-220 
VVatkins-Werlheim interposition opera- 
ation for prolapse of uterus, 2947' 
Aug , SOO; 2949’ June, S5t 
Web, cicatricial, correction of, 2949' 
April, 616 

esophageal, esophagoscopy in, 2947: 
Oct., 1202 


Web space infection of hands 29iS 
Feb., 34 

Wen, 2948; Feb , 69 
Wertheim operation in carcinoma of 
cervit, I948‘ Aug., 770, Dec., 1421 
- ro/o. Or-t 1496 


Wirsung’s duct, anastomosis, in pal- 
liative operations for cancer of 
head of pancreas, 1947; June. 636- 
643 

Wolfe grafts, 2948: Feb., 117; 2949 
Oct , 1551 

Woodbridge endotracheal tube, 2949: 
June, M4 

Wounds, abdominal, diagnosis and 
management, 2949' Apnl, 3S!}~S9? 
of arterial trunks, 2948: Feb., 158 
of hand, open, treatments, 2948. 
Feb., 4-26 

Wrist, amputation at, 2949 Feb., 
232, 233 

ankylosis, fibrous, manipulative 
surgery in, 2949' F?b , 251 
fietor tendons, repair of, 2948. Oct., 
1335 

painful, stenosing tendoraginitis 
over radial styloid as cause, 2948’ 
June, 817-820 

Xanthoma, 1948' Feb , 49 

Xanthomatosis, I947f June, 747 

X-rays. See Roenigtn. 

Z-opBRATTO.v for Contracted scars, 
2949' April, 612, 616 

Zimmerman fracture apparatus in 
fractures of os caicis, 2947- Dec. 
1515 




